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w1shee it to be clearly understood that 1t does not 
necessarily subscribe to~ or agree w1 th. the views ex-
pressed theretn. · 
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'• • o •• it many uaetul diaoonriea ha." been made by aooident 
when me~ nN not ueking tor them but •en, buty about other 
thing•, no man ~an doubt -but that when they apply themseln• 
to eeek and lllf.ke thia tbeir···buaiuH, and that, too 11 by 
method and in order· and not b7 desultory impuleea, they 
will diaoonr tar more" • 

- Fn.noh Baeon. 
BOTUm Organum, (1620) 
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PREFACE 

The demand tor a model study of the Range problem in 
Table Bay Harbour wae referred late 1n 1941 to the Research 
section ot the Chief C1v11 Engineer's Department or the South 
African Railways and Harbours, the Research ~g1neer being re ... 
quested to undertake an 1nvest1gat1on. The Research Engineer 
ot the time, Dr. c. v. von Abo. and the author commenced the 
task 1n January, 19A2, by visiting Cape ~own to sample nauti­
cal and technical opinion and study conditions, provisionally, 
on stte. 

In the succeeding m~nths the work or analysing such 
permanent harbour records as existed, or devising and des1sn-
1ng instruments tor measuring wave effects 1n the harbour, 
and ot planning for an enf!1,neer1ng m~del, devolved almost en­
tirely upon the author, as the Research F.ng1neer was called 
upon to act 1n another poet ror a period of several months. 

Th1s necessarily imposed a heavy res~ons1b111ty on the 
author. at a time when he had only 11m1ted experience of model 
experimental-technique, and no special knowledge of' the pr1n­
c1plee of similitude and or hydrodynamics. The problem, too, 
was one or national importance and pressing urgency. To make 
matters more onerous, the author had to contend with a short­
age of technical ass !stance and severe wartime restrictions on 
materials, many commodities being unobtainable and suitable 
1.nstruments f'or ref1ned measurements for the research being 
simply unprocurable, either locally or overseas. 

Rven 1n the faoe of these d1tt1cult1es 1t was possible 
to report fair progress by the end or July, 19A2, when the 
Research F.ngineer reeumed duty, and thereafter Dr. von Abo 
pa1d the author the considerable oompl1ment or g1v1ng him al­
most a tree hand 1n the conduct ot the research. 

Special instruments for recording sea-oac1llat1ons, 
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hereafter to be referr~d to aa 'Se1chometers', were des1~ed 

and fabricated before the end of the winter of 19~2, but an 

unfortunate m1ahap which delayed the permanent installations 

at the harlnur,, r,rewnt.ed their be1n~ brou(!ht 1nto operation 

in ti'Me t.o measure F:an{!e effects that. w1nt.er. rtevert.he'iess, 

the baa 1c nature of tli ,e Ran{?l!J phenomenon ha.d already ·oeen re­

cognized, a\1d 1t · was r ,flsa1ble to proceed at once to the de­

a1cm or the harbour model. 

In ,Tanuary, 1913, the author we.o called a.own to cape 

rro,m to rerx\rt to the !(1n1ster and the oeneral r.•anag.er of .. 
Railways and Harbours • As a result thereof he wa.a transfer-

red to Cape 'i"own st tt.e end of April, 19.43. to continue the 

research and model de,~lopment on site. 

It 1s conventer,t here to give a brief' expos1t1on or 

bow the research unfolded from this point, ~1nce, 1n the work 

hereunder, we shall dt,~rt radically t"rom the order 1n which 

paz-ticular -phases of tnvest1r,ation were pursued or conciu­

s1ono reached. 

The collection of data from actual. observation ana 

rr.1easurement t1as be~n at once upon tho a1'.lt.hcr:1s l'llu,umptiau or 

duty at Cape ~oYm, anc. sit!Iultane~~sly~ des1r_ina were pushed 

ahead f'ot• the we.,-a .... pei:dle mechanisms and dr'1 vtne- Machinery 

for- the model 0 as wel:, as tor the model ite:elr and 1te many 

deta11a. 

Construction 01· a laboratory to house the mode1 and 

reeearcb etarr w1th1n the harbour area was undertaken inde­

pendently by the Harbour F:n~ineer t , and wae larr,:ely complete 

by the end of 1943. 

Until ,Tuly O 19,r,, the author could c.,omriand the eer­

v1ces of only one dra.utdltsm.e.n, but from then until April, 

1945. the we 1t10.n nwi somenhat ;m12,e,roc1 l2.X tbe a1wointment 
* Respectively, the Hon Fo Ch.ude Sturrock and Brigadier C 0 M. Hof'fe. 

M.Inst.T. 
~ 

1 Mr. G. L'.-nkastor, B.~lc." A.M.I.C.E. 
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ot a second a.sa 1stant . nevertheless, the volu?!le or work re­

mained at all times bE~yond the ca-pac1ty of t,he ava1lnble re­

search otarr, and th1$ fact renulres to be borne 1n ~1nd 1n 

respect or the overe.11 lenrth of tine taken for the consumma­

tion ?f the reoearch. 

Dy November, 19.d:3, the deetcm of the model and all ap­

purtenances• exclusi V<, , however, of' mea~mr1ng 1natrt.1ments, was 

ooMplete, and oonstrutt1on of the model wao be~~n. 

In the meanwh1t e records of eea-osc111at1ons obtained 

fro11 the seioh.,meters had been accumulat1nf:'- and rerm1:red to 

be analy-sed. 'i'he r,Mhlem of detect1n~ 1nd1v1dual harmonic 

coMr,onents 1n the eomJJlex curves had to l>e {!rar,r,led, tor 
which 1t wao neceesa~: to make a close study or harmonic anal­

ysie. !".'h11e these etl. d1eA -rroceeded, p.re.,ph,.cal r.iethods were 

applied to exaM1ne wan, ex1'E'.ns1on in Table riay o.s a check on 

aer1a1 photor,raphe ~r swell m?vementa, and elso to determine 

the d1r1ect1ono and r.,ht .ne-d1fference eett1n(!.O for the two 

wave-r,,:-~ddlee 1n the mcdel. ?1ret nensuremonts were alao made 

to correlate sh!p-m~VM!lento and Han[.!'.e-act1on (,July, 19.d:;). 

'T'he question oi· autor.iat1cally record1nrt water move­

ments 1n the mi:>del t'Ot' aoMparh,on w1th th~se 1n :-rature was 

also a Matter or oonoet'n about th1e t1M~ "!'he r,r,blet!I had 

alrearty been cons!deN·d tent.at1vely tn 19'12 when 1t wa.1 re­
alised that any- of t.h( at.nndard 1not,rur.ienta for the purpose 

woul1 b(:) utterly unp~ cureble. ~en model designs were 

f1n1ehed 1t was r,oasH le to continue developmental work on 

a eu1table ap~aratus. ny Apr11, 19AA, the detailed des!~ 

of an a,1to(!r8phic 1ngt rument, '1hich ?Ie have called a 

'Kymato~raub' or w~ve~recorder, ~aa c?~pleted and its manu­

facture rut 1n hnnd. 

Dur1n(}! the peri-:>d that tho model wao under construc­

tton, (1'Jover!lbor, 1.91!3, t~ Vay O 19.1.d) a r-reat v·olume or work 



tn other · directions wr·s acc':>mr,lishect. Ind1 v1.dual ee1oho~rams 

for dl'i'"t'erent parts o: ' the harbour were retraced and s1rn­

chron1sed: mathentnt1ci 1 harmonic analysts of i;yp1cal seioh­
o~rams wes undertaken i graphical prooos,es we1~e extended to 

the 1nvest1~t1on of ~ ave reflections and the poa 1t1ione of' 

nodal lines of -,soillf1.tione near the harbour; and a study 
waa comnenoad of tho 1"elationshipe between neteoroli,gicei.1 
d.isturba.ncea and :'.anr,t".1-action. 

'rhe Kymat,or,ttapb was received 1n Aue;ust, 1944, but as 

m1{!ht be expected of f ; first edition of a new dovlce., add1-
t1onal pa.rte ancl mod11'1catiorts were round necetrnary. all of 
which ef'fect1 vely dela:vea use of the a:pr,e.ratus as a reliable 
tvorkin(? instrument until ,January, 19.t15. At the oame time 

var1.,ue 't,eethin(!• troubles were experienced with the wave­
p.9.ddle machinery, 1n which 1t was necesoary to 1nstal aux111· 
ary shafting, pulle~n:1 ~,no l"-ears to 1ncreaAe the eennlt1v1t;y 
of ar,eed-aont rol. 

In the interim period whtlc these adjustments were bf.t-

1nr made t,ho work or naoumulattnp. and analyainr:- setoho~tnS 
proceeded steadily. ? ctl'ther rneasure'l"lents or eh1i,-movementa 
in relation to Ran~e-a~t1on were secured, and graph1oal meth­
ods were used to otudy the e:Kpansion or waves within the har­
bour basins. 

About th1a time., the discovery was made that barometl"i c 
fluetuattons were linktld with sea-oec11lat1ons in the bay. 
Thie lea to the 1mprov:tsat1on of a microbaro~rapbi, with wh1ch 
r-t1nute variations or p1·eesure wera correlated ntt,h occurrences 
o'f · Jtan@;9~&.et1on. 

Pecaune of r,endtnet adjustment.a to the f;f',ddle mach1nery 
and the Kymato(,!Tttph, the model could not be ue~d 1n 19&A for 
exr,er11"1ente directed tc.wardo alllv1n~ the Ranr-e y,roblem. Nev­

ertheless, 1t was J)Oestble 1n a nue.11tat1ve way to demonstrate 
t.he success of the mo1t l in repnduc1n[? the phenomenon, and 



~ucb d~monstrations were fre~uently made from April, 19.dt1; 
onwards. But they. ~;ppear to have created. the unfortunate 

· 1mpres·sion amon~ retu:r·n1ng \'isitors, that the model, although 
ostensibly aomplet,_e, ~1as not being used toward the practtce.l 
result or obta1n1ne; a solutton. 

The model was cnly in eatietactory workin~ order bf 
the bee;tnnine,: of Pebr11.ary, 19A5, but t.he problem of how to 
adJust and operate the paddles remained to be reeolved. 
Throughout. February, ?rarch a nd tipril, 19.tl5, experiments were 
made to determine paddle settings and to check the general 

.. re11a~111ty of the mo1iel. The latter tests involved, t.he 
travell1ng times or waves and the forr.i of wave expansions. 

~rust at this time~ unfortunately, the productive capa .. 
. oity of the research was ourta11od by the ree1gnat1on trom 

.. 
· the. Service of one ot the author's two ase1stants. Despite , 
. repeated apr.,eals .. for a replacement, no further assistance wae 
torthcom1ng, and 1',be research from then on °'W9,S inovita'blJ· 

. proti,1oted. 

From ma.y to October, 19.d5, the author wrestled w1th 
the problem or arranging that the two paddles lmpart wave­
ener~ to the model tn the_ prof.)()rtions that wave-energy en­
ters the two channels or Table Bay. Ancillary experlmente 
to determine the d1s-pers1on or wave-enerro, with wave ... exi,an-

. 
. slon and propa.~t1on bad · to be made and the results analysed , . .. . . . 

before this issue could ba decided. Before oorrelat1n~ the 
paddles 1t was necessary to ~ow wbat energy each t.ranam1t,t«i 
at a given aett1ns, and 'here. after electrical and manual 
methods or measurement proved un~va111ng, 1t was found 
necessary to des 1sn special dynamot1e-ters. 

r In this period ~lso, the authorcommenced the analys1a 
of ra.0tors att'ec.t1ng . the ranging action or· eh1ps, a.nd · thta 
queeiton assumed ~ncreas1ng 1mportance ae theory unfolded and 
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additional rneasuh"ement,s on ship motions came ·to hand. 

The original 1.n"~ncy tor the eolttt1on of the Hange 
problem had abat.ed co11s1derably by this time, with tbe re­
openln (! of tho Medite :. ranian shipping routoa and the reduc­
tion of sh1pping voltF'le 1n Ca-pe . waters, a.s al.eo w1th advent 
of more clement weathor! for it was a noticeable fact that 
Range had d1m1n1shed. 'i!Cey markedly in sever.1ty since l9t.12. 

'T'here "as neverthelea1:1 no relaxation in the ateady purau1t 
of a solution to the 1.Problem. Premature experiments on spe­
c1f1c ways of solving tho problem could have been undertaken 
e.s from !·~ay. 19.!15, by or,erat1n~ the wave-paddles haphazardly, 
but as the results of such experiments would have been, 1n 
{i!8neral, unreliable, t he author preferred to proceed along 
tho~ugh 11.nee by r.>Utting the model 1n sound working order 
first, before embarking on the final experiments. 

At this Junctu1"e. (November, 19"5), the 'Aqu1tan1a • 
arrived 1n Table Bay t:mc1 was withheld from docking, allegedly 

because of the dangen:i or Ranf!f}-act1on. This unfortunate 
1nc1dent raised such et public outcry a~tnet the d1sab111t1es 
from which the port enffered through notoriety from the 
Range; that the mattel' became again one of the hlshest prior­
ity. 

Re ~ttably t.h~, opinion seems to he,ve been formed that 
tho research \ wa.s not ·proceeding with the reQttisite v1gour. 
It waa no doubt he.rd f'or those who were unfam111ar with the 
problems of constructing a model and conducting the research, 
or w1th the etarr conc1t1ons under which the research was be-
1nt:t made, to comprehend why 1t had not been possible to reach 
a def1n1te conclusion loncr before this. In deference to pop­
ular demand prolir.11nary exper1?!lonte on the model were con ... 
ducted throu{!hout 9ece~ber~ 1945, and January. 19A6. all or 
which had. however~ to be :reneated at a later nat&. 
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Fr-or11 ?ebru..":l.ry ,.nt.11 t,he end ot' November, 1946, after 
1 t had been shown tht;1,t tho re was no erl.ay shortcut route to a 
solution, ·the author u:~s able to cont .~nue the research very 
mueh as orif.?,1na.lly plnnned. Durinf? thle per1.od the main ex­
r,et--1ments deecr1bea. 1t. these pap.co were oonducted, and the 
study of ship motions was advanced to a sta~ of usefulness 
which not only onablec'. the most danr,eP':>uo Ranr.e oec1llat1o:is 
to be aacertatnea, but also the requ1i-aed efficiency of any 
pro!X)sed solution of the problem .. 

The transfer ot' the author back to Johannesbur(! 1n 
December, l9A6, ma.rlted the effective termination of the re-
8earcb, althouf!b, 1n the interval since, turtbar date have 
been accumulated ae mat.ter of routine. 

The wr1t1nr or th1a work has been undertaken 1n the 
author's ape.re t1me sit1ce that date, and many a~peeta or the 
nrobler.1 which fell outside the terms of raference of the ofrt~ 

·, 

cie.l research, part1.cule.rly those relatin~ to the nn:ture and 
or1r1,ns of the Ranr-e r,henornen-,n, have been privat.elj' pursued 
and extended. ~,uffloLmt v,as ~leaned in th13 process to make? 
1t the semblance of a Juty to the auth~r that the tindin~ 
nhould be made S,Vlt1lab te 1n some fom, but. as t he maB'(l itude 
or the task unfolded, 'le perceived that a t hoais presented 
the only really sntiafnctory medium for recoro1nr: so volum1-
noua nn undertak1nrr. 

rrihts mat1uscz-ipt cU:f'fers vastly ln tom and context 
f'rm!l the nany reports t.h~t were aubr.11tted t.n connection with 
the research. It. emboe1 1es for the moo t part only the ideas 
which t.he author or1p1.nat,ed and the •101;,tk which he personally 
executed or directed. ?i'Ull ackno~led~ment by footnotea 1n 
the text 1e ma.de of sourcee of 1nf.'ormat 1on, stt~,wetions and 
conclusions wh1cb have been ut111oed as hav1n~ relevant bear-
1n~ on the develo~ment or the research. 
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The 1nvest1f'fc':lt1on was made under the (:Ntneral d1reo­

t1on or the former Chief Civil ":"nr1neer. r~r. J. s. de ''· 

von '!:1111ch, D.:3c., b.~~.-1.c.s., r.:.(s.ti..)r.c.,~~., to whom 

acknowled/fflment 1s due tor many helpful su~r-eet1one, and of 

tho Hescarch Enr,1nee1~, or. c. v. von t,bo, r~.A., rh.D., unt11 

the latter'o rct!renent from the 3erv1ce 1n 39f)tember, 1945, 

whose interest and encourattement were always st1mulat1ng. 

'1J_')ec1al nent1on shoula be made or the aterl1nr. eer­

v1cee rendered by r-r. r:. c. f}.. J~ost1nr, ntp. In(!. ( 7.ur1ch), 

A.r·.(3.fi.)I.C.E'., dru11r-btsMn and later as ass1etnnt eng1 ... 

neer, and b:, i~r. R. de Boor, A.:·.(n.A.)c.r., drau~temnn, 

both or whom laboured throur.t,. tho r.reat bulk of the 1ntrtcate 

drawtn~ and cnlculatton work. nr the excellence and accuracy 

of :~r. .T.,i:,nt 1nr' a work the auth"=>r would add a s!')ec1al word 

or c,=,mmcndat1on. Invaluable help wa8 also rendered by r·r. J. 

C~wan, clerk, 1n tho t1nal staP-es of the research 1n oollect-

1n~ stnt1ettcal data and ln &'l eucceosfully aeaumlnr. the 

tunct1ons or auxlllary drtlu('"htsrnan. 

Acknowlodr,ement should aleo be nade to Colonel D. F.. 

r"'te-on n .~... r." I " "" · c.. 1. ·au , r-: a lv • j "' • • v • :+. • , formerly hss1at~nt Ch1er C1v11 

Engineer (Harbours), to ltr. G. Lankaster, B.Sc •• A.!:.I.C.F.., 

!.~.(A. s.) I. C.R., former Harbour 'ft:n ~1neer, Cape Town, and h1s 
' starr, and to Captains J. Short and c. G. T'!h1te, succese1TelJ 

rort captain's at Cape ~own, and their start, whose unta111ng 

interest and sym~athet1c assistance were so· generously ac­

corded throu{!hout the undertaking. 

For the ultimate success or the · model, 1ts machinery 

and 1nstruments, credit 1s due to many others, too numerous 

to mention, who took part 1n the1r construction and tabrica­

t1on. Finally the auth~r 1e 1n1ebted to the r.!ana~ment ot 
-the South African Railways and Harbours for perm1ss1on to use 

the material accumulated dur1n~ the researches tor the com­

p1lat1on or th1s work and 1ts presentation as a thesis. 
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..=o Rorl'!C0 9 

Epi stl es., Boo-k ! 9 (e 0 10 BC ) 

Gtending on a xro:.nontory vrn.tohiJ:1..g the ,.nArf lashing 

a rock-bound coast . or ·oreaking on a_ aandJ s:,1or1:1, hotrJ many 

of us a.re prompted to wonder why and how: or standing on 

the ,_·ank o:r a pl -.tCid 1ool waiting for the 3ound and ripple­

rings that will ::JJ.ark the grav of e. fall in,, &tone, how 

many of us are tempted to enquire beyond t~e mere ,percep­

tions o our senses? At such times transient qu11ri s may 

doubtless i"ush · to ou1 minds, but a.re u ·ua.lly \, ispelled for 

a more discerning i'e~, who, having seen and ·.,, ndered, have 

felt {ln i,Jipu sior to kno,1 li ore~ To .. } G e 10.-..... r ·re pc: tience 

of thvS<B ::cv ~ liC th.::l .... . po :t.:I'S of OhSf:: 'Vl tion -md l:1C!!. en­

dowments Li rua.thernatical aldll11. the ~.o:rld 1HL~'> the ecienoes 

of oceanog1·Lphy tuna r ydrod.yna.mics - science'"' w}1icll _conati ­

tut~ the op-'··..., ther~uy ·:1-:,. legs )ere r,tive ze.cts. s ::11ay look 

upon the '.'h •kingt: 1" ,{a.tu·"~~ 

But these cpt cs a· never per:tect, a:rd the fiiier the 

focus and .,1 e 15 t,atm tl ei -r disoerrJ.ng .oower, i:;11e va:eter is 

found the Ur kno .u ·. ch 1~ _1.,ure veils f ron ou v:cm. It is 

perhaps ·tot sc ""t n th ee o.ay . -i;hat ,:un r:e . .... into this c.,b­

acuri ty i'rS>r·~ .i.1e1·e ?JC ~ o .a:'.. . ;es ire to 

fie curioldi ty; 1u,: e l ften no~'l they a.:-e f., c b ted to the 

recoils inr :.ict ·d by :Nature, \Yhich ~l. wt( ~Y las sho'<r:n are 

with the pl y of natural fo-i:c.;es. 
\ 



ro7 it iB an oft-repeated story that civilization, 

in its headstrong course, has continually blundered. a­

gainst th<? unkr:own , ·agaries of the eea. ,uarbours h·ave 

been built, aea-wal~s erected, reclamations made, often 

ith scant regard f or the fact that these have been en­

oroachmenta upon th~ fringe of the Unknown. Haste in 

pursuit of wealth has been costly, and many are the cases 

on record of' Nature reasserting herself to wreck man's 

flimsy struo·tu:res, ·:.1ndermine his sea-defences, erode his 

land and invade his shore. In spite of these reverses 

mankind has been slow to learn that it pays to be wary, 

and that in dealing with a vicissitudinous sea it may be 

worth the while to view the scene beforehand through the 

optics of the sciences. 

The harbour at Cape Town is only another example 

of contact bet ween Yan and Nature, in which Nature has 

from time to time issued sharp reminders that his actions 

perhaps 
have been/ ratner htsty. This does not mean that the en-

gineers and promottrs who so painstakingly studied t h e 

conditions and built the harbour failed in their allot­

ted tasks. They mErely suffered from the disadvantage 

' that they lived in times when the :l}ebuffs of Nature, 

though many and se·vere, had not yet brough·i; the enlight­

enment that n~w oa1,tions us to feel our way through the 

medium of research. The engineers had neither the time 

nor the opportuni t: r to explore unknown factors at which 

they could only gu,1ss. Had the adv~ntages of model re­

search been more p1Jrsuasive and earlier realized, the 

harbour might have been constructed differently - the 

breakwater in anot:1er position, the basins of different 

shapes and dimensi)ns, the reclamations in new locations, 

and the erosion that now stalks .the Yilnerton shore of 

Tabl e Bay , and the Range- ac t ion tha t has since r eared 



3 .. 

itself in troublesome proportions within the docks, might not 

have been problems as 'they a.re today" 

l'he present work, which seeks to place on record the 

findings of a survey, made through the optics of the sciences~ 

of some of that Unknowt, to which we have alluded, treats i n 

particular of the phenomenon of Range-action~ For Range hae 

been of the Unknown to the extent that it has never locally 

been fully understood: and the principal reason for this is 

that in all but its effects it remains something invisible , 

intangible and mys t eri ous, an object of speculation and 

misconception . 

Range has been variously r eferred to as s cend , undula­

tion, run, surge , swell, ground-swell, surf, or merely wave­

action, but all these terms have been so loosely a.pi>lied , or 

are so ill-defined, that they merely confuse recognition ot 

the phenomenon. Range in poin t of fact conno t es something 

of all these actions without being adequa tel y described by 

any one, and at this stage it is beet def ined by what it 

does, rather than by what it is. 
·-Range usually manifes ts itself in visible form by the 

r eversible currents it induces through the entrances of the 

' harbour basins, and in invisible form by the ruotion it com-

municates to ships moored at the quays within the docks • 

.During occurrences of ~ange action ships in various part s 

of t he harbour tend to move uneasily in their berths with 

fore- and- 1!1,ft and off-a\'ld-on motions tvhich at ·times impo s e 

serious strai ns on the mooring ropes and heavy pres sures on 

the floating fenders. The action is undesirable at all 

times, for if ropes are :alack and Ra.nge action severe, whole 

- ----------------· -------- - ----~--
~ At Cape To,mi the phanom~non was, formerl y , commonly known as 'Run ' . 

It would appear that the term ~ Rane;e '. the accepted technical tirmt ... 
nology adopted bf the engi neerin~ proression (er. Proc. Inst . C. E • • 
v . 209 , 1920 , [lJ , pp. 189- 260) vms i ntroduced locally "irst by V.r. 
George Stewart when p;i vini~ evidence bef'(')re the Table Bay lf19.rbou r 
Improvements Committee in September , 1921. (M.r. Stewart had attended 
the Instttnti ..,,, of' Civil ~"'""e"'r" ' mee+.i ..,"'. in T,ond,,.., i"l 19?t'\) 
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:moorings ::.Hm be torr. a.sn1l!1dcr and r 1;1·mane .. 1t damage caused 

to ships a.l'!d harbotn' inste,lletion·; ;.like. !here have 

been occasions I) too, when i'loatirrs fenders have been 

crushed and shipst rhell=plating dented at the waterline 

by the tremendous ir>.pact pressv!.:·ee developed. 

These condi t:.ons often, but not always, accompany 

severe winter etormn, but they occur sometimes also in 

the summer months and even d·1ring quiescent spells in 

winter. Their rela·.;ive infrequency has been perhaps the 

most potent reason uhy they hav~ been tolerated so long, 

for, as we shall see, the oondi~ions were present even 

when the harbour was in embryo. They would no doubt have 

continued to be regarded. as something ephemeral had not 

a crisis been precipi ta.ted by the concurrence of excep­

tionally severe Range action with unusually large numbers 

of ships in fable Bay during a most critical stage of the 

recent ~orld War. For in the period 1940 to 1942, when 

the 11editerranean s~ipping lanes were closed, large con­

voys of ships of :many sizes were usin;~ Cape Town as a 

port of call, and. by chance the winters of those years 

produced the most severe ocourrenoea o.f Range action 

that have been known before or since. 1~xtra.ordina.ry 

scenes prevf1iled, for at one time (Jum? 19th, 1942), 

no less than 83 mooring :r.opes on different ships parted 

and 10 sets of floating fenders were r:miashed. On 

another occasion (~ay 28th, 1940), the ·~auretania' of 

42,000 tone, disple.oement tonnage, alone broke 44 ropes 

consisting of 18-inoh (circumference) coir strops and 

4t-inch (circumfer~nce) steel hawsers, while other ships 

accounted for yet uiother 16 fractured ropes. Some ships 

inevitably sustained damage, and as damage from such 

causes, when shipping was the very life blood of the 

Western Allies, wau nothing less than a minor disaster, 

it was natural that the incidents should have been viewed 



It is as W•!ll to appreciate that at ·this time the 

c,,netruction of the new harbour basin. now known as the 

,)u1 can Dook: 11 was .riearing completion ar,d that most of the 

t-rot·bles experienced were occurring within the new baaine 

Cons t ruction had begun in 1938 with the erection of a steel 

sheet~piling mole to bound the basin on the seaward aide, 

and wit~ the reclamation of the foreshore and the building 

Qf a qua3 wall on the landward side. By the end of 1939 

the baain area was sealed off from the ba¥ except for the 

opening that was to be the final entrance, and by the end 

of 1941 the reclamation had advanced to a stage where the 

basin had aln.,ost assumed its final rectangular form. 
formerly 

It is to the credit of' Ur. George Stewart , / senior 

Lecturer in Ci\,·il Engineering at the University of Cape 

Town, that he consistently warned of the Range problem and 

Rdvocated a model investigation before a decision was 

reach ed as to the final design of the harbour extensions~ 

But the crisis had no t then arisen and the advantages of 

model "research were nt Jt sufficiently a.p~a.rent to outweigh 

the mature considerat.i ona of experienced ha.rbour engineers 

and consul tan ts e Even when the crisis developed, technica.1 

opinion wavered, but :Lt seems that it was the insistance of 

a t1on-tec~,nical man mi the :need for a scientific investiga­

tion. that led the Administration to think in terms of a 

model study. For to '~he .Port Captain of the t ime, Captain 

Weller~ belongs the c:.:-edi t - ii' oredi t be ever due - of 

having repeate~tly plea ded the cause of a model investigation 

until his suggestion \.las finally heeded. A model investiga­

tion was authorised in the latter part of 1941, the research 

was commenced and monies were voted for the construction of . . - . . 

Stewart: Evidence before Table Bay Harbour Improvements Commfhee . 
Septo. 1921;, r2] wP • 269: also 'Harbour Desi~n with Special Reference 
to South African Cond itions'; PToc. S.~ 0 Soc. C.E. 9 v. 33

9 
1935~ r3]P 

pp. 15~159. 



a model and la.borator:r . 

Returning to the question of the nature of Range 

action we may now eoniaider briefly in what light it was 

regarded by local opinion prior to the start of investi ... 

gationa in 1942. 

It was a matter of common observation that Range 

occurred generally after, or during, heavy weather borne 

in from the north-west during winter-time; but it was by 

no means dependent on these conditions 8Jld could occur in 

windless weather and sometimes even in the summer months. 

The breaking-a.drift of the ·'Mauretania', which we have al­

ready cited, occurred on a calm, clear night. 

The ranging of ships was known to involve an inter­

mittent, leisurely, vertical and horizontal movement, pro~ 

duced by disturbances of water in . the hlirbour basins and 

obviousl y associated with the v i sibl e ' run' of water 

t hrough the basin entrances. ~ifferent berths bad varying 

degrees of susceptibility to Range disturbancee and nauti­

cal opinion was almost unanimous in indicating which the 

most troublesome berths were. 

It was quite clear that the phenomenon was not a new 

one related only to the construction of the new basin, for 

it had always been prevalent in the old basins, apparently 

even from the time "the first dock was completed.. Neverthe­

less the troubles were held to have been accentuated by the 

completion of the nev, mole, which, by comn.on ponaent, was 

considered to have deprived the original harbour of its 

natural shock-absorber against heavy seas - the bight now 

reclaimed from the bay. Range, it was maintained, had not 

been particularly noticeable in the south basin enclosed 

by the old random~block mole, (now enveloped within the 
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ne·-R .Juncan Basin), and this was held to be evidence of the 

sponge-effect of the bight in absorbing wave energy, in the 

days before the reclamation. 

The origin of 'run' and Range-action was commonly 

ascribed to north-westerly swells curving round the end of 

the breakwater and breaching the entrances of the basins. 

The interrupted end of each roller passing the breakwater, 

in virtue of the head of water it acquired above general 

sea level in the lee ot the breakwater, was considered to 

flow laterally and penetrate the mouths of the basins. 

Having once entered the basins the waves were assumed to 

reflect off the vertical quay walls and cross the docks 

from end to end and from side to side until their energy 

was dissipated. Couplei with this, however, was believed 

to be an effect of wave reflection from the ~ilnerton 

shore of the bay. 

For the purposes of explaining the 'run' in the 

basin entrances, port officials lent to the theory that 

currents were induceQ along the shore of the bay as~ 

~ftsult of the accumulated bodies of water brought into 

the bay by the swell and the wind; these currents were 

su~oosed to be deflec ted into the narbour basins. But 

nautical 09inion seen1ed unable to advance any concrete 

P,Vidence as to why it retained the impression of a re­

flection effect from the shore, for it was generally 

concede~ that currents in the bay at all times were almost 

negligible and hardly worth consideration. 

An invariable feature of Range action and one by 

which its prevalence was usually judged by port staff, was 

the often-powerful, periodic flux of water through the 
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narrow channel connecting the old Victoria .Jock with its 

inner harbour (Alfred Basin) . On occasions of severe Range 

action the current through this connecting channel was 

likened to that of a millrace, but how euch a current could 

be caused by the penetration of normal swell, weakened after 

expansion round the breakwater and after reflection from the 

shore, especially when the entrance of the Victoria ~ock was 

ao well protected within the lee of the breakwater, could 

hardly be explained even on the supposition that currents 

were induced by the swell in the bay. Yet such an explana­

tion was incompatible with other evidence that currents were 

alw~a inconsiderable. In the face of theR~ difficulties 

nautical and technical opinion admitted that it was 1.argely 

mystified as to what actually took place: it believed, how­

ever, that the phenomenon as a whole was probably caused by 

storms far out to sea and that the conditions were essentially .. 

related to the swell that entered Table Bay. 

Such then was th.e substance of current knowledge of the 

Range phenomenon. In this thin crust of knowledge the seed of 

the research was sown, and into more stable depths it drove 

its roots, and grew and prospered, we believe, to burgeon 

forth with fruit. But whether those fruit be withered and 

sour, or whether they contain some nourishment of worth, 

must, we fear, be left to the final judgement of whosoever 

delves within these pages. 
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PART I 

TI-L'1 ? iI:lliO:iiiIENON OF RANGE 

''I could never content my contemplation with 
those ~eneral pieces of wonder. the Flu~ ~nd 
Reflux of th& Sea, ••• ,o 

--5ir Thomas Browm, . 
Reli~io Medioi,(164~). 
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CHA?'rT~R I 

Tii:i~ HISTORY OF RANGE ACTION AT CA?E TO.r~. 

''Sinoe the beginnin~ or June till the middle of October auch heavv 
storms from the north-weat ._ •• raged in Table Bay th~t the vessels could 
hardly have been preserved trom being wreaked in conseouence or the fri~ht­
tully heavy seas rollin~ r1f!ht towards the spot where the la~e ships · 
~rally ride at anoh.or." 

- Jan nn Riebeeok. 
J>iary at the Cape ( 185.S). 

1. The Cape of Storms. 

From the very beginning of recorded history at the 

Cape mention is made of the frequent and violent storms from 

the north-west visiti11g Table Bq in the winter months from 

~ to September. These were so greatly fearect. by the early 

mariners that they lacked no indu9ement, even to the extent 

of preferring to brave the horrors of scurvy, to evade the 

dangers of a call at Cape Town in the winter season. The 

storms took a dreadful toll of lives and shippinga in 200 

years, from 16u7 to 1857, it has been estimated• that over 

2000 lives were lost by shipwreck, no less than 660 persona 

having perished on one occasion and over 300 on another. 

~1th good reason the early Portuguese navigators called the 

Cape 'Cabo Tormentosa' the Cape ot Storms. 

The winter gales descended upon Cape Town with terri• 

tic torce, whipping up tremendous seasa often too the gales 

were ot long duration, continuing unabated over several days 

and nights. The gale of 1697 wrecked two East Indiamen at 

the Salt River mouth with the loss of o~er 300 lives; that of 

1722 was even more disastrous and destroyed 10 ships of 

whose crews 660 persons were drowned: another four ships sue• 

-c.um.b.ad....t.G..-th.e_gala_Qf l.7,28 and 170 lives were lost, while in 
• Table 'Bay Barbour Board r 'The &rbour Works or Table Bay f'rom 18156 to 

l!t96. (Cape To-.n). 1895, [4]. . ·· 
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1737 yet another 10 ships were driven ashore resulting in the 

drowning of 208 seamen; shortly thereafter in 1740 a single 

ehip with a valuable cargo was wrecked with the loss of 20 

hands. The grim toll of disasters was augmented by further 

losses .of 7 ships in 1788, 7 ships in 1790, and 8 in 1799, 

which included the 64-gun frigate 'Sceptre• of whose crew 

2.90 pex-ished; nor wa.s this all, for the gale of July, 1831, 

wrecked 6 more ships. An unprecedented gale in June, 1862, 

lasted for 17 days, only to be followed in 1.i:ay 1865, by one 

so catastrophic that it wrecked no less than 18 ships and 

caused the loss of 60 lives. By repute, a still .more ter-

' rible gale, which lasted for 5 days in July, 1878, drove b 

shipa ashore and woul<l have done inf'ini tely greater damage 

had not the harbour by then afforded some measure of pro­

tection in the road.stead • 

. These gales, playing with unbroken fury over a great 

expanse of ocean to the westward of Cape Town, raised enor­

mous seas, the power of which, Scott Russell., whose studies . 

ot wavee are now classic, vividly portrays in the following 

passage :-

2. 

. 
These rollers, or ground-swell, did not merely oscill~te up ~n~ 

down and backW1J.rde and forwards; an~ they oould udt be elurle~. or 
turned back, by giving to the wall fbreal<'wi\ter] 'I. partiouh.r curve 
euited to tb<11 fQrm of' a ~yoloidal oscillation. These . ,;rent waves of 
translation constituted a vast ma.es of' solid water monn~ in one rU­
rection with gr.eat velocity. and this action was ne~rly ~s powerful 
at a greQt depth ae at the surface. 

The Provision of a Breakwater.at Cape Town. 

Against the fury of these seas the only· natural pro­

tection in Table Bay was the promontory of land, no~ known 

as .i.lJ:ouille Point,. and the rocky outcrop of Ro·bben Island 

. . ... 

• i Cf. Thomas Stevenson: 9 Dosi~n and construction of Barbour;', 
(Edinburgh), 1_864., [I], p. 79. 

.... 
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\sig. 1.J, but, as we ahall see more clearly at a later 

stage, neither of these topographical features could in 

themselves provide sheltered water against the inroads of 

wind and aea. 

l'he earlier of the disasters we have cited were, 

unhappily, viewed by the .i.>utch East India Company with 

less concern from the point of view of the human loeaea 

than of the pro~erty losses, and it was not until the 

gales of 173'7 and 1740 had caused the loss of merchandise 

and specie respectively valued at ~160,000 and ~ti00,000, 

(following upon losses of cargo valued at a million 

pounds in 1722), that the Company was stirred to take 

action. 

The natural anchorage for ships was, of course, 

within the lee of the ~ouille 2oint headland and trom the 

extremity of this therefore the construction of a mole was 

begun in 1743. But the Company's evasive tactics in at­

tempting to minimise its own liabilities in the undertaking 

soon resulted in the abandonment of the work. The imported 

slave labour suffered disastrously from deaths; the supply 

of stone to the worka , dependent as it was on cartage ex­

torted from whoever hroug~t his produce into town for sale, 

was terminated by a orop f ailure resulting from the depre­

dations of locusts; and the burghers finally refused to 

pay the tax levied against them to meet the expenses of 

the work. In all» a.bout 350 feet of the mole were con­

structed, but the mound was soon levelled by the sea and 

never offered any eff ective protection to shipping in the 

bay. 
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Not until after the British occupation of the Cape 

waa any turther attempt made to provide sate refuge tor shi~s~ 

At the time of the gale ot 1831 the only seaworks in exist­

ence was the original (or its successor), stone-filled crib­

Jetty erected near the Castle in 16D6, but the oonstruotion 

ot a new atone pier at the toot ot Hree Street waa under­

taken at once. Thia work was superseded in 1836 by three 

Jetties, respectively the north, central and south, along 

the western shoreline of the bay within the lee ot the 

Mouille Point headland (Fig. 2), which were completed in 

1842, and by an additional stone pier near the old Awster­

dam Battery, built in 1845. But by 18~3 all three of the 

tor.mer Jetties had suffered severely from the winter gales, 

and it was found necessary to remove the southern one. 'l'h.e 

central Jetty was extended in l8ti7 and from this and the 

northern Jetty the entire trade of the port was conducted. 

These Jetties, however, ~id not in themselves afford 

any material protection to ships against winter storms, 

being merely conveniences to facilitate the handling of 

cargo to and from the ships. 

Kore serious schemes for a harbour of refuge had 

been proposed from as early as 1823, but tor one reason or 

another they were not adopted. In 1807, however, the de­

aigna ot Capt. Vetch, the harbour Surveyor to the Admiralty, 

were accepted and sanctioned by Colonial Act No. 11 ot 1857 

and by another Act of 1856 (Fig. 1). At Vetch's own sugges­

tion Sir John Coode was apJointed Engineer-in-Chief of the 

proposed works and Coode appointed a Mr. Andrews Resident 

Engineer on the site. Curiously, Vetch's plans were never 

implemented, for a parliamentary commission in 1859 de­

cided to invite Coode to submit plans for a less expensive 
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harbour that would meet immediate needs. Coode therefore 

prepared a design, baaed on the suggestion of Andrews, which 

provided for a l and-locked basin to be excav a ted from rock 

near the Amsterdam Battery, the spoil from which was to be 

used for a breakwater sited a little to the north of Vetch's 

proposed breakwater, but with different orientation. These 

plans were accepted and work on the breakwater was commenced 

in Septemb~r, 1860. 

It is noteworthy that Coode does not seem to have 

seriously entertained the idea of locating the breakwater at 

the extremity of Mouille Point, where the original mole of 

1743 was sited. and in this he was influenced no doubi by 

the consideration of securing some protection from the pro• 

montory itself and by his conservative view of the possibili­

ties of the port's· expansion. In the succeeding years the 

opinion has been voiced more than once that a •l:lpreme mistake 

wae made by Coode in lo-eating the breakwater on its px-esent 

site. Insofar as the Range problem is involved, it may be 

of interest to examine this contention at a later stage in 

this treatise. 

3. The Growth of Table Ra.y Harbour. 

'l'lle constructi on of the breakwater to a len~th of 

1:1.90 feet was completed by 1869, and the internal dock was 

then officially opened and named the Alfred Basin. We m~ 

note in passing that the great gale ~and seas of :Way :17th., 

1865, were credited with having moved 60,000 tons of .stone 

in the breakwater by washing down 270 feet of the headworks 

and shifting ?O feet of the bank towards Cape Town; ·but no 

. . 

~ er. for Etxruuple, ·the Evidence or Mr. · F~ Robb. ·Superintendent. · South 
African Ra.iln.ya &: Barbouro , givsn bef'ore .the Committae on Schemes . · 
tor the Denlal?Jil•nt _o,f Cap,; To1m .Ha.rbour , Septemb~r. 1921,f2] 1p.311 • . 
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material was actually carried away and lost in the process. 

By 1878 the harbour had expanded to the size and 

shape of Fig. 2, when the terrible gale of July 18th-23rd, 
18~~' proved that it was not yet adequate to the task of 
sheltering ships from the winter storms. Coode then aub­
mit~ed plans tor fuTther increasing the area of safe water, 
and in deference to the newly elicited fact that the great 

gale had blown for part of the time from :N .N. W. and due 
North• , he proposed to cant the breakwater extension with a 
view to economising on the length necessary to shield the 
anchorage. 

Coode's proposals for the breakWater extension and 
an outer basin, abutting on the Alfred Basin and the com­
pleted breakwater, were eventually adopted with slight modi­
fications, and by 1900 the harbour had assumed the configu­
ration and extent of Fig. 3. Further great gales on June 
17th, 1885, and June 30th, 1889, were weathered without 

much trouble, though in the latter storm one ship that 

happened to be lying outside the protection of the break­
water was driven ashore. 

thm1gh th1.1re is :no poei ti.v~ ,~vid.en.c~ ~.,f t:t.i.s ife f!.nd. ~e 

~,,...-------~~· 
• Evidence o~ Mr. Jenour, Resident Engineer, Table Bay Harbour: Report of the Commission appointed to Enquire into Recent ·vreaks and Di1aater1 in Table Bayp Octoqer 2 9 1878, felo 
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but to 

~ 9 xcluda from thEJ ~lfrad Basin much. if not all, of the 'aoand ' or undulation which has eometimee beP-n complained or ~8 h&vin~ ~iven rise to inconvenieno~.wo 

:But the extenaions of the breakwater that had been 
effected up to 1900, together wi th the provision of the 
outer Victoria Basin, (Figs. 2 & 3), had not, as expected, 
eliminated the Range disturbances; rather had the latter 
become a prima causa for still further extending the break­
water beyond the limit then attained. ·nius the consulting 

• engineer, Sir William Matthews, in 1900, advocated fur-
ther extending the works to reduce the 

"oscillation now ao seriously felt in the Viotori& and ~lfred Basins.~ 
He mentions that on July 4th, 1900, the Bucknall steamer 
'Cumeria', which sought entrance to the graving dock in 
hadly damaged condition, was unable to enter for 24 hours 
because of the heavy •scend' prevailing at the caisson 
gate. Later, when this same steamer was ready to leave 
dry-dock, she was delayed another 24 hours for the aame 
reason, notwithstanding the fact that other ships had 
been kept waiting many weeks to enter the dock. 

By now nautical opinion was becoming alarmed at the 
possible navigating difficulties at t endant on an extension 
of the breakwater along its new alignment {Fig. 3), and the 
consultants therefore proposed to cant the extension 15°· to 
the northward, although in earlier reports they had recom­
mended extension along the line of the existing works. 

The necessity for extending the breakwater as a de­
terrent against Range action was opined also by ~easrs. 
w. C. Uethven and R.H. Hammerley-Heenen, consultants, in 

* Coode 0 Soa & Matthews: Report on Existin~ and Proposed Werks 0 Table Bay Harbour0 July 25 0 1900~ r1]. 
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1902, from whose report lit we quote the following significant 

passages-
" Our own opinion 11 that a further erleneion for at least 1000 reet 
ia necessary, not only in oonneotion with the new rproposed) works. 
but in order to minir.dae aa far &a possible the •:run' which is 
found ao exceedingly iuoonvenient and dangerous in the exi1tin~ 
basin, in certain conditions or aea. We also consider that Y.essrs. 
Coode, Son & Matthews were ri~ht in propoein~ that the extension 
should oont1nue on the present line as ahown upon their plan of 
December, 1S97. Their report of July 25th, 1900,shows that, in 
subsequently recommending the oontinuing of the line northwards 
and thus forming a re-entrant an~le on the north side, this was 
done in deference to nautical opinion.°' 

It ie interesting to record that ~ethven and Hammers­

ley-Heenen in this report advocated the expansion of the 

harbour by the construction of a large new basin and the 

reclamation of sea from the bay, along lines which antici­

pated the Duncan Basin ot today. In respect of their pro­

posals they says-

" ~ith regard to exposure the r~ot is fully reco~nise~ th,t until 
the completion or the outer protecting mole enclosin~ the h~rbour 
(camparable with the Eastern Mole or the Duncan B~sin], some incon­
venience will necessarily be felt from the 'run' or 'scend' durin$ 
northerly seas and from the 0 jabble' oaueed by aouth0 easterly ~ales.~ 

5. Range Aotion as a Factor affecting Harbour Jevelopment. 

The proposals to extend the br eakwater by 1000 feet 

or more in a continuei straight line were ultimately adopted. 

thc\lgh not before the question of the direction of extension 

·had received mat:Jre consideration over a considerable ,span of 

years. A committee appointed by the Minister of Railways 

and Harbours in 1921 to investigate schemes for the develop­

ment of the harbour finally examined the matter very thor­

oughly by calling for evidence from all persons competent 

to express an opinion on the subject. Nautical opinion 

appeared to be somewhat divided on the controversy of navi­

gation difficulties, but engineering opinion was so emphati­

cally opposed to a re-entrant angle in the line of the 

• Joint Report to the Table Bay Barbour Board, 1902,fB]. 
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ur~qkwater that the Committee felt com9elle- co recommend 

extension in a strllight lina • 

The Commi ·ttee at the same tiii.e sifte J. voluminous evi­

dence fo~ ,md against various alternative 3cheme~ of develop­

ment for the port. It would be outside the purpose of this 

paper to discuss the different schemes tr.at were considered 

at that -time, but the u!ethven/Hammersley-Heenen proposals 

do not appear to have been entertained. It is noteworthy 

that the bulk of opinion was averse to the northern scheme, 

which proposed a new ba,sin between th1! old breakwater a.nd 

a. new one to be constructed at ~ouilJ.e Point on the site of 

the ancient mole of 1743 . The Comm~ttee in its final reoom­

mendations, while apparently diffir.len t about expressing it­

self on the relative merits of the alternative southern 

schemes, defint!d itstJlf aEJ OPi:>osed to the northern scheme . 

In the author 's humble opinion., (with the knowledge befora 

him that has since been gleaned from the Range research), it 

was unfortunate that the northern scheme was so summarily 

rej ecteJ. purely on the bas:f.a of conj eotu1·al opinion when so 

many expressions of opinion savoured of careful soientifi o 

investigation and experimentat ion before deciding the loca­

t i on f or a new basin. 

That the Com1d tte e was wide awake to the effects .of 

Range action and t he dangers of perpetuati ng them in the 

proposed development s chemes is manifest from the large 

nnmber of questions on the subject directed at witnesses. 

1n contra-distinction to this, however, it is curious t hat 

the Committee makes no mention of the Range at all in its 

final report. The eTidence on the nature of Range and its 

* Report of the Committee on Schemes for the Development or Table Bay 
Harbour 0 Ootober 1 0 l92].P[2] 0 
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anticipated effects, as acoumuiated by the Committee, is 

chiefly remarkable in revealing how little the phenomenon 

was really understood, and how largely conjectural were · 

the opinions expressed. The Committee, in leading •vidence, 

after having had the benefit of most of the available 

knowledge, confessed itself largely mystified as to the 

true nature of the phenomenon. ?erhaps for this very rea­

son it was thought advisable not to attempt analysis of the. 

evidence "in the report to the Minister; 1-.t was apparently 

sufficient that opinion had been unanimous that the break• 

water extension would have a salutory effect on t~e Range 

rather than otherwise; and as the Committee avoided co•­

promising itself with any imrwtable recommendation as · to 

a best development scheme, except a purely negative one, 

it was npt implicated to such an 8llalys1s. We mq, mve·r- · 

the-lee,, with some benefit to our theme, in the Third 

Chapter, udertake some analysis of the statements ·ot 

wi tne,asee who gave evidence before the Commi tte •• 

Before action was taken on the construction of a 

new baain, the opinions of engineering consultants were 

obtained • . Sir George Buchanan's report * of 1923, howeTer, 

makes no mention of the Range, · and lilir. F. S. Wilson's re• 
portt of 1925, which favoured the southern scheine, has 

only an implied reference to the Range by dralting attention 

to the neoeaa~ty tor a light protecting mole ~o ~hield off 

~he seas rebounding off the coast to leeward of the harbour. 

I.tis noteworthy that _Uessrs. Coode. Son & Ua~~ews in their 

r•port .. ot 19001 • considered th-at no encroachment on the tore 

ahore between the South Arm Root and the city should be madt 
. • f ~t•ur,. lleik & 11:toha!lan~: Report on Table Bay Barbou.r,1~23, · 

. t Coo.de, Fitzmaurice, Wileon & 111tohell: Report on· Table Bay 
. Ha_rbour, Janua.1'7 12~ 192$." (10]. 
§ __ Loo.oit:(ante p.1E5-},f?·]/ 
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in any future develo:pment . 

In the years that immed i ately follo~ed, the construc­

tion of a random-block mole, t o form a south basin adjacent 

to the Victoria Basin, was undertaken, and by 1932 was com­

plete, as, by then, ~as also the extension of the breakwater. 

The harbour at ·this stage ( 1932) therefore took the configu­

ration defined in purple in Fig. 2. 

The south basin had hardly been completed as an en­

closure before engineering opinion was oonaulted again as to 

the f'orm or its further development. The Harbour Affairs 

Commission~ of 1934; appointed to expatiate on this, does 

not, however, reveal from its _report that it was even aware 

of the Range phenomenon . 

From 193ti to 1938 there followed a period of intense 

activity in planning relative to the question of the further 

expansion of the harbour, but it is quite outside the domain 

of this treatise to follow the arguments which led to the 

abandonment of the south basin and the adoption of the scheme 

which was ultimately ·to result in the Duncan Basin of today. 

Colonel J. F. Craig, who designed the lay-out of the Duncan 
Dock, may, or may not, have been influenced by the ~ethven/ 

Hammersley-Heenen proposals of 1902. At any rate, he gave 

apparently the fullest oonsidera.tion to the possible effects 

* Veesra. Wi jhoff & Geertsema : Report of t he Harbour Affa! rs Commi ssion. November 13, 1934, (11] 0 · 
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of Range i n di scus sionu with eminent harbour authorities in 
Ii; , 

various countries abroad "·, but, if the author is permitted to 

make an observation hereon, it is to express the regret that 

the proposed developments at this stage were not subjected to 

model experimentation, especially when , at this time, model 

technique in hydraulic problems already had fully 50 years 

of successful applicat i on to its credit. Such an investiga­

tion might then have di sclosed the advisability of expanding 

the harbour to the nort h rather than to the south; in any 

case, with all due respect to the experts, its indications 

would have been infinitely more valuable than mere experience 

and intuition. 

Construction of the Duncan Basin was commenced in 1938 

and was largely comple t e by 1942, though the construction of 

the Sturrock graving dock within it was not completed until 

the end of 1945. The f inal and now familiar form of Table 

nay harbour was thus achieved in 1945 ( Fig . 4)o 

A point of significance which should be recorded here 

is that in order to effect the wider, 7b0 ft. entrance for 

the Duncan Basin, which coincided with the 400 ft. entrance 

of the older south basin, it was necessary to remove 350 feet 

of random b lockwork. Par tial removal of this obstruction 

down to the rubble baae, well below low-water level, waa 

complete<1 early i n 1940, but the severe occurrences of Range 

action attendant on the storms of April and May, 1940, led 

to the replacement of the blocks and the perILtanent closing 

of the Duncan Basin entrance to the 400 ft. width. It was 

generally felt at this time that the narrowing of the entrance 

(which was completed i n August, 1940), was definitely 

,t. Cf. 90 MovGment or Water in Table.Bay•v~ The Engineer, Vol.167. 
April 1939 9 [12]~p.481. 
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beneficial in reducing the magni tu.de of the Range disturbances11 

a point which we shall have occasion to discuss at a more ad­

vanced stage in · this work. 

6. Troubles arising from Range Action at Cape Town. 

We have already referred in Section 4 to the difficult­

ies experienced from Range in dry-docking the 'Cumeria' in 

the Robinson graving dock, within the Alfred Basin, in 1900. 

Of other such troubletJ resulting from incidences ot Range 

action it has been difficult to acquire information, because 

so many old records were unfortunately disposed of to meet 

the desperate paper shortages during the recent World \1ar. 

The author has been unable even to gain access to old log 

books of the Fort Captain's office, which might have thrown, 
light on this subject, except those, of course, of recent 

years, and he has therefore had to seek what information 

there is from other aourcea. 

Captain J'ohn Short, ex-Port Captain at Cape Town, haa 

disclosed ~ that in 1917, when the harbour was substantially 

as in Fig. 3, a tanker, moore~ at the Elbow in the Victoria 

Basin, broke adrift during severe Range Action an~ careered 

across the dock towards the East Pier. Rivetu were found to 

have been started in her shell plating and wooden plugs had 

to be driven to stop ·the . petrol leakage. 

1.!r. Geo. Stewart reveals t that in 1918 a large Austra­

lian transport, under the stimulus of Range action, broke so 

many ropes that she had to be taken outside the basin to the 

anchorage; and it would appear from wh.at members of the 

nautical staff at the harbour have stated that this sort of 

thing happened more than once in the days before the existence 

In interview with the author_. · 

t Diecussion on 'Vave Action in Harbours; Proc. Inst .c.s., Vol.209• 
1919~20, [1] oP• 242. . 
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of the south basin a,nd the Duncan Dock . 

Recently, · since the Duncan Dock c.ame into use, infor..;. 

ma.tion has- b en more comple te in regard to the effects that 

Range action is capable of pr oducing *.. Thus on April 29th, · 

1940, the dredger 'Springbok', moored at F berth in the Dun~ 

oan Ra.sin {Fig. 4), s t arted rivets in her hull plating 

through_ impact agains t the fenders resulting from Range . 

On the same occasion , along the Eastern Mole, two rock­

breakers broke adrift, and a f leet of zma.11 wha.le .. ·catchers 

parted some 40 odd mooring ropes and were i n imminent peril 

of being damaged. A ~onth later, on May 28th, 1940, the 

'Ma.uretania.'. of 4211000 tons displacement tonnage, broke 

completely adrift from C berth in the Duncan Basin after 

fracturing no less than 44 mooring ropes, during a severe 

occurrence of Range aotion; two tugs attempted to pin the 

big ·ship against the quay during the night while she raised 

steam to seek safety in the roadstead, but notwithstanding 

this she is reported to have ranged through 20 feet to-and­

tro along the quay. These effects, it may be noted, occurred 

during the short period that the Duncan Basin had a nomi nal 

entrance0 width of 750 feet. 

on July 29th, 1940, the 'Mantola' of lo,ooo tons 

displacement tonnage, broke a deckwinch and gangway at A 

berth in the Duncan Basin and had to be removed to the 

anchorage tor safety. 

A serious ooourr~nc·e of Range on June 2nd, 1941 

caused tour minesweepers, lashed together, to break ~rift 

from the north quay in the ·Alt red Bas in and· to Jam in the 

connecting channel or 'cut' between the .Victoria $nd Alfred ____________________________ _.;.__ 
* Th&ae records are to bo fQu~d in the Port Capt~in' s offieial · 

. papers , P.o . /G/36,'l f :&s n.lso of' -tha System ManagGr, S.~A. R,.&· B0 , 

Cape Town, G. Bol 9f} 0 l 3]Q .· . 
. ' . . , . . . 



24. 

Basins: concurrently, the 'Clan 1&:cArthur' of 16,700 tons 

(displacement), moored at the northern stub Jetties in the 

Duncan :Basin (Fig. 4)', crushed and splintered to destruction 

the floating wooden fenders and the waling of lio. 2 stub, 

thereafter displacing the concrete coping blocks of the stub 

and making contact with its steel sheet-piling face, as a 
result of which the vessel sustained damage to her hull 

plating. The 'Silvartea.k' of 15,500 tons ( diapla.oement), 

also moored at the stub jetties, was responsible for crushing 
several more sets of floating fenders and for disturbing some 

of the mooring bollarde. 

From September l.et to 3rd, 1941, during another severe 

occurrence. of Range, the 'Bri ttanic' of 33,200 tons ( displace­

ment) broke adrift from C berth in the Duncan Basin and holed 
her. stern on the stern anchor of the 'Reina del Pacifico', 
which was moored at .B berth. Along the Eastern Yo~e, 'Lt. 

St. Loubert Bie' of 13,000 tons displacement broke two fair­

leade, while 'Kawsor' of 11,300 tons and 'Glarona' of 17,900 

tons displacement each broke a fairlead during berthage at 
the stubs. At the northern end of the mole, 'Vikings' of 

. only 1100 tons displacement damaged her side and the coping 
of the wall. Al together· five eeta of · floating fenders were 
crushed to splinters at the Eastern Mole. 

A claim for damages to the 'Christian Holm', which was 

alleged to have sustained denteu shell-plating while berthed 

at the stub jet ties on September 13/l4th, 1941, was also 

lodged, although Range actiol) at the ti1ue was relatively 
·slight& this vessel had a displacement tonnage of 12,400. 

During 1942 further troubles ensued. On May 27th, 
the '-Ea.st ·V/ales' .o:r 10,900 tons displacement, double-banked 
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against the t tanford.' at H berth in the .:)unca.n Basin 

da1Daged her. hull plating.; on June 8th, the 60 ton floe.t­

ing crane at F be~th dented her side plates and jumped 

the _ho-is ting ~fire off the sheaves and had to be towed to 

the Victoria Basin for safety; .on June 9th, the '~angka­
lihat•, displacing ll,000 tons, was so severely damaged 

through impact against the ~enders ·and the quay at J 

berth that a cl aim for ~13,116 in damages was lodged and 

ultimately paid.... In· respect of this latter instance,· 

it may be noted that the circumstances were unusual: the 
'.Yangkalihat', which had sustained serious war dam.age 
from a floating mine, was berthed in a sta.te of abnormal 
trim, with her stern ballasted to raise her bows above 

·water-level. Her centTe of buoyancy being thus trans­
ferred towards the stern, it was understandable that in 

the l ateral surge o:t'' the Range the bows should have._ ,1riv,0-

ted about the stern with a whip action. 

On June 19th, 194/2, there occurred perhaps the 

worst incidence of"' ~{a...""le~ on record. In the Victoria 

Basin a gangway was broken, 3 floating fend~ra were 
smashed and lb mooring ropes parted, while in the Duncan 

Basin no less than 7 floating fenders were crushed and 69 
mooring ropes fractured. The largest ship in the Duncan 

Basin at the time was the 'Almanzora' of 23,200 tons 

displacement at C bert~, and in the Victoria Basin , the 

rc1ty of Manila', diepl~cing 15,600 tons, but although 

both basins were praotioally full of shipping, no actual 

damage to shipa appears to have been sustained. ~e 

situation would probably have been very different if ships 
¢f larg~r tonnage had been present. It is curious, 
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nevertheless, that the 'Arnda.le', di splacing 14,600 tons at 

the northern stubs in the Duncan Basin, parted only 2 ropes: 

floating fenders a.t the stubs had b.~ this time been dis­

pensed with in favour of rolling fenders utilising ol d motor 
tyres of large size, and there is no record of fenders 

having been crushed at the Eastern Mole. 

From August 20th to 22nd, 1942, floating fenders 

mysteriously disappeare«l f'rom several occupied berths in 

both the Victoria and Duncan Ba.sins. Thus four fenders were 

re9nrted missing from the '~ueen City', double-banked at H 

berth, and one fender from the •ntaffoTdshire' at Eberth, 

while~ !"UQbe~ f~nder ~t the Elbow, Victori~ B~sin, was also ,, 

reported vanished. Subsequently three of the missing fenders ' 
were located near the yacht harbour in the .Junoan Basin. 

During this time the 'Empire Advocate', displacing 12, 300 

tons at B berth, broke a. ship's fairlead. 

Under phenomenal conditions of 'run' on October 8th, 

1942, the tug 'Buffa.lo' collided with HMS. 'Spindrift ' off 

the end of No. l .Tetty in the Victoria Basin, and the 'City 

of Canton', entering the Du~9.an B.aiin under guidance from 

t~e ~~ 'T • . H. Watermeyer', was caught. in the spate of the 

eur5,e through the b~sin mouth and·~~ carried bodily back­

wards outside the harbour. The full details of this rema.rk­
able incident will be considered later when more has been 

' · 

disclosed on the nature of Range action. Only a short whil e 
after the 'City of Canton' had thus been ejected from the 
Duncan Basin, the 'Bankok II', in leaving the same basin, 

grazed the north side of the bullnose at the entrance, 

(Fig. 4), through being caught in the current. 

• 

f 
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After 1942 the magnitude and severity of Range action 

decreased noticeably, but there were still occasions when 

troubl e of some con~equence developed. Thus on June 30th, 

1943, two minesweepers broke adrift from the north quay in 

the Alfred Basin in mu.ch the same way as they had done in 1941: 
on July 1st, 1943, 'Comp:f. egne' and ':Marit II', respectively dis­
placing 13,900 and 9,800 tons, sustained buckled shell-plating 

at the stub berths, as also did the 'Rosemont' of ~,800 tons on 
July 11th, 1943. 

During 1944, the ' Ca.r,ton• was alleged to have buckled her 

shell plating while lying moored at J berth on July 4th, and the 

'Cap St. Jacques' apparently sustained dented plates while lying 

at G and H berths, as was subsequently discovered when the vessel 
was dry-docked, (August 11th). 

In 1945, on July 30th, the '.Anna Howard Shaw• of 12,800 

tons displacement broke from her stern moorings at D berth in the 
Duncan Basin and receded off the quay dragging the gangway with 
her. In attempts to re-moor her the ship's deck-winch was 
wrecked and for 12 hours overnight the vessel had to be pinned 

to the quay by a tug9 Similar failures of deck-winches during 
remooring occurred a fortnight later on August 12th on the 'Clan 

Macaulay' of 15,600 tons and on the 'W. E. Christiansen' of 

12,300 tons displaoement, respectively at Band E berths in the 
Duncan Dock. Troubles of this nature were not always an ex­

clusive feature of the winter months as may be Judged from the 
fact that the 'King Stephen', displacing 9,800 tons at D berth, 
suffered a broken chook and damaged poop-railing in mid-summer, 
December 17th, 1945. 

Other incidents since that time, apart from rope breakages, 
which are of fairly frequent ooourrence, have been relatively 

minor, and while this state of affairs ie to some extent 
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attributable to the lessened magnitude of the Range phenome-· 

n,~~ in recent years, there is no doubt that three important 

factors have had a beaTing upon it. First, and principal, 

was the abandonmen t , as serviceable berths, of the stub­

jetties along the Eastern ~ole, following upon the mishaps 

of 1943; second was the adoption of the practice of holding 

ships off the quay~ at dangerous berths by means of off­

shore anchors, and finally was the policy, strongly empha­

sised as a palliative measure for dealing with Range action 

by the results o:f the research itself, of mooring ships 

always as tightly as possible. 

7 . The Impact of Range upon the Reputat~on of the Porte 

It was natural that the damage to which ships were 

subjected as a result of Range should be seriously regarded 

by the shipowners, the port authorities and the city of 

Cape Town alike. The South African Railways & Harbours 

Administration found itself suddenly faced with heavy ex­

penses for damages as a result of the unusual concentration 

of shipping of large tonnages at Cape Town during the 

critical war years of 1940-1944. This became the subject 

of inquiry before a Parliamentary Select Committee on Rail­

ways and Harbours, especially in respect of the sum of 

£13,000 t o be paid against the claim from the masters 

of the 'Mangkalihat'. The publici ty given to this could 

not but fail to impress the shipping world, and 'Range' 

became very much more of a catchword than 1 t had ever been 

in the years before. 

Following upon the statements of the General .ana­

ger of Railways to the Parliamentary Select Committee in 
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April, 1944, explaining that researches had been in hand 

since 1942 to find means of solving the Range trouble, Mr. 

George Stewart in hie presidential address to the South 

African Society of Civil Engineers aaw fit to criticise the 

Adminietration f'or no t having conducted the investigation 

long before the construction of the .:)uncan Basin. This 

precipitated considerable ventilation of views on the sub­

ject in local newspapers and in shipping and engineering 

journals overseas*, all of which had the effec t of bringing 

the disabilities of the port into critical prominanoe. 

But matters were brought to a head on November 10th, 

1945, by the unfortunate incident of the 4b,OOO ton 'Aqui­

f,MiB ~;: whichs loaded \-:'i th Anze.c troops :returning to their 

homeland after the war , \Jus not allowed to dook at Cape 

Town ~ but perforce heel to reiuel and provision in the open 
roads tead of Table Day. 

The South African prees fairly sc~eamed its indigna• 

t1on against this elight to th& good uame al'ld port of Cape 
Towu and. to the:: tI"acli tion of hospitality al~'ays freely ex­
tended to eomradetJ·-~in··a.rms in time of wa.1·~ Curiously, al­

though it was announced. in the pret~t a day before the arri­
val of the ship that ~ 

99 The decision to keep the ship in the ro&dste~d is the out,. 
come of a aerie s of meetings between senior offici&ls held dure 
in~ the week at whioh the liner's dr~ught &nd the r~n~e in the dock were considered. 

Owing to the rang~ in the dock which might e~use the liner 
to surg9 at her moorings and possibly to suffer d~mage 0 the Rail­
ways administration raquir0d indemnity against bein~ held liable 
for damage caue~d to the ship while in Cape Town~ tQ 

~ Cf. Marshi 'The problem of Ran~e in Table Bay', Th6 Outap&n 9 June 9p 1944 9 [14]; Syren & Shipping {London)June 21 0 l944fl6]J 
Dock & Ha rbour Authoritr(London)Julygl944fl6] ;The Eng1.neer (London)August 11;1944~fl7] 0 

t cape Times: Saturday. Novo lOp l94f\,f18L 
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it remain~d for some time a mystery as to who, in point of 

fact, had given the instruction for the ship to anchor in 

the bay. According to a later statement * from the British 

Ministry of \'lar Transport and the Principal Sea Transport 

Officer , South Africa j it transpired that the master of the 

ship had also demanded a letter of indemnity if the ship 

were to dook at Cape Town, and the Direotor of Sea Transport, 

London, charterer of t he ship, in his discretion, ordered 

refuelling in the bay 9 The latter's atti~ude is understand­

able s i nce i t is on r ~oord t that the ' Aquitania' was pre­

viously damaged from humping the f enders at her berth in the 

Duncan Dock on a visit to Cape Town in 194~. On that occa­

sion the owners and t h e Harbours Administration were in­

demnifi ed by the Admi r alty against repairs, reputed to have 

cost several thousand pounds. 

The faots surrounding this case of 1945 were that 

throughout the 7th, 8th a.nd 9th of November as the 'Aqui­

tania' was approaching Cape Town, very heavy ewells were 

impinging upon the southern coast of Africa, Range action 

commenced in Table Ray harbour from about noon on the 7th 

and reached a peak from about 01 to 18 hours on the 8th, 

but had more or less subsided on the 9th. It must be pre­

sumed that the British Admiralty, in the face of this know­

ledge and t he demande for indemnity from the ship owners 

and the Railways and Harbours Administration, decided to 

run no risks of further damage being sustained and withheld 

permission for the ship to dock. 

The incident Eerveu to illustrate the extent to which 

the notoriety of the !:?.P:.nge c~ouJ.d injure the reputation ot the 

~ Cape Argtte: Tuesday, Dov. l3p 1945, fl9] 0 t Cape Argus: Saturday, Nov. 10, 1946, f20]. 
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port of Cape Town~ The event produced a flood of comment 

and criticism, whiohp &s we have recorded in the Preface; 

reacted sharply on the conduct of the research. The public 

demand t'or information had eventually to be met by an open 

invitation to the press to witness the progress being made 

at the Range Laboratory, but the echoes of this outcry were 

heard long afterwards in distant quarters~. 

• cr. 0 The En;ineer, March 29, 1946 f21]J nock an~ Harbour Authority, 
May 1946, [22]c 



CHAPTER II 

OC3.ANOGRA?HIC r.ATU:D;s OF TABLE BAY. 

,~ Sometimes violent north~weet winds blow for sever~l ~~ye to~ether in May. June, July, ~ugust and September, an~ by fits in other months; the a~v is then constantly clouded aud they ~ener~lly end in r~in . " 

8. The Winds at Cape Town. 

* Abbe de 1~ Cail le , (1755). 

Cape Town, by virtue of its po s ition on the south­

western tip of the African continent, is flanked by a vast 

expanse of open sea,and its weather is intimat ely bound up 

wi th the mass-movemen t s of air that occur over the ocean. 

The winds that play over the Cape Pen i nsula and, indeed, 

over South Africa as a whole, are dependent on the seasonal 

changes of the h igh - pr essure belt which g irdles t he souther n 

hemisphere between parallels of latitude embracing the Union 

of South Africa, south of Capricorn. 

As Fi g. 5t shows , t his h igh pressure bel t is f ully 

contracted i n mid- awmoer , January , as air is d rawn away to 

its big concentration over the Asian l and-mas s in the north­

ern hemisphere, and a i r currents, runn ing ant l- clockwise 

aoross the isobars, yield the prevail i ng south -east winds 

along the co astal r egion of Sou th Afri ca. Wi t h t he approach 

of winter there is a gradual flow of air back to the south­

ern hemisphere and an intensification of the high pressure 

areas over the oceans. By mid-winter, July, the southern 

flank of a closed isobaric loop lies over Cape Town and the 

prevailing winds are slightly north-west. 

• 1 An Account or the Ast r onomical, Geo!raphioal and Physical Obaervatious made at the Cape or Good Hope in 1751P 1762 and 1753\ by Order of the 
French King'- Gentlemants Magazine (London),1755, r23J. 

t Thia ie interpolated from data ~iven in Goodall and ryarby's ''l'he 
Uni"fltraity Atlaa',(Lon~on) 9 l940.[24). 
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Thie general system of seasona_ air-movement is com­

plicated by frequent irruptions of trf::velling depressions or 
cyclonic storms in the steep barometric gradient south of the 
high-pressure doldrums. These depresLions will be considered 
in greater detail in a later part of this work# but for the 
present it suffices to say that they spring from the central 
South Atlantic and tend to follow each other in families on 
an eastward drift which carries them generally some distance 
south of the African continent. Their winds circle clockwise 
~round the depression-centres and they often cover such a wide 
&n1bit that their effects reach over the South African coast 
br~nging to Cape Town much of its winter rain and intense 
north-west winds. Absence of rain in summer at Cape Town is 
to a large extent accounted for by the southward trend of the 
high pressure belt and the ooTresponding shift of the travel­
ling depressions nearer to the south poleo A feature of the 
passage ~fa travelling depression over Cape Town apart from 
a falling barometer is the sharp drop in temperature accom­
panied by a sudden veeTing of the wind from north-west to 
west or south-west. 

It ir.; recorded.~ that during the great gale of 1ifay l?th, 

186b, when 10 ships we~e wrecked in Table Bay, the barometer 
at Cape Town fell to the unprecedented low figure of 29.580 
inches, while gale velocity between the hours 06 and 22 was 
never less than 40 mph and for a large part of that time was 
slightly above 50 mph, its direction being almoat due north. 
The inference is that the track of a travelling depression 
ran very close to Cape Town and that the full fury of the 

cyclonic storm was meted out on the city and anchorage. 

i~ Royal Observatory. Cape TolJll. 
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In summer the prevailing winds at Cape Town are s.s.E. 

and they are frequently violent and of long duration. Inter­

mittently, sea-breezes frQm the west and south-west oacur in 

the mornings and usually back round to south-east off the land 

in the afternoons. South-east gales accompanied by heavy nim­

bus cloud on a falling barometer are known locally as 'black 

south-eastere' and usually bring with them short spells of rain 

and cold weather. 

9. Ocean Swells Jlffeoting Table Bay. 

Table Bay is wide open to the influences of wind waves 

and swells from three principal diagonal directions, north-west, 

south-west and south-east. As Figs.land 5 will show. it is 

in large measure protected from inroads from the south and 

south-east, but is very vulnerable to penetrations from the 

north-west, west and south-west. 

The dangerous seas of which mention was made in section 

1, are whipped up by the north-westerly gales accompanying the 

travelling depressions. According to whether the winds are 

local or distant, the incoming seas tend to comprise wind­

driven waves or swell, or both, the term 'swell' being used 

in the sense of a wave propagation of energy from which the 

generating force has been withdrawn. Heavy seas are often 

encountered in Table Bay in locally calm weather, and their 

origin then lies in some disturbance far distant, the effects 

of which are propagated in swell. 

From statistics collected by the Admiralty Meteorologi­

cal Office ~, Simonstown, and represented in Fig. 6 as applying 

to an area of ocean between parallels of latitude 30 to 40°s 

and of longitude 10 to 20°E, it would appear that in winter 

---------------·-----------------·""' 
Iii' ' ·ireather on the Coasts or Sout hern Afrioa' , Vol II, P~rts 2 & 4, 

(Cape To1m), 1943» issued by the Chief Ne.val Y.P.steorolo~ioal Officer, 
South Atlantic» f 25]. . . 
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time Cape Town is subject to south-westerly swells for the 

most part (average frequency about 55;). South-east swells 

have a frequency of about 25% in the same period, and north­

west swells about 8%, confused swelle, presumably of a west­

erly nature, accounting for perhaps 11,~. In summer time 

(December to February), it will be seen, south-east swells 

(frequency 37%) increase at the expense of north-west (only 

1%) and south-west swells, but the latter, with a frequency 

of 51,;, still predominate. 

10. Tidal Conditions at Cape Town. 

With some interest we may quote the Abbe de la Caille's 

record• of his observations of 1751/63 on the tides in Table 

Baya 
19 The new moon makes high water at the Cape at half ~u hour 

af'ter two in the afternoon and the tide seldom rises more than 3 
feet, except after n hurricane or some other extra.ordinu•v cause" . 0 

; 

There is not much to be added to thie succinct description 

after 200 years except to say that the tidal range at springs 

averages about 5 feet, though it can on occasion reach 6 or 

even (very rarely) 7 feet, while the range at neaps averages 

perhaps 2 feet. The semi-diurnal tides are of about equal 

magnitude and the diurnal component is very small with a 

range not exceeding 6 inches. As will be discussed later, 

there is evidence of an interesting slow fluctuation ot mean 

sea level in conformity with barometric pressure, which, 

however, has no relation tQ the tides. 

11. Ocean Currents in Table Bay. 

The principal ocean currents of the South Atlantic are 

somewhat similar to the trade winds in that they ~evolve 

• L. o. (ante p~~2),[23],p.6l~. 



round the centr es of high atmospher · c pressure, motivated by 

the earth's rotation and the friction-drag of the wlnds. 

Thus the curr ents t und to circle an ';i-clockwise in the South 

Atlan t ic, and the wost ooasc of eiotLharn Ai'rioa is fed with 

cold wat e r from the aout:n polar la,:; itucies. 

Tabl e Bay is afrected by the in-draugh,:; ~f thia cold 

(5o0 ~ahrenheit) Benguela current and to ao~e extent oy the 

over-shoot of the warm (6o°F.) .Agulhas current which runs 

down the east coast of South Africa until thwarted by the 

former current off the Cape of Good Hope. The degree to 

which one or other of these currents dominates seems to 

depend on the prevailing winds, the warm current gaining 

some a.dv·an.tage in eitrong aouth-east gales and the cold cur­

rent having complete ascendency in north-west weather. 

The main Benguela current has an average northward 

drift of only about 1 knot, and as may be expected, the cur-

rents in Table Bay are correspondingly feeble. Information on 

currents in Table ~ay, given in the 11 African Pilot'' of li,922~ 

refers to the 'Jetties' and the •Amsterdam Battery', land-

marks long since fellen into disuse, and therefore suggests 

that the text has been taken over without revision from ob­

servations made in the 1860 period. Later observations on 
' 

currents were made by Capt. Co~. ?erry, R.N., in 1887 and 

by Mr. Lacy Good i n 1894~ but they all concur in showing 

·that currents i n t h e bay a.re relat i vely weak. To quote 

Gapt. Perry i" , 
'' The outcome of all t he obaerVllt1 ons taken in the courae of 

my enouiry may be briefly aumm~d up ~e follews = The ~eneral or­
dinary course of the current is from ~r•~n Point to the bre~k­
-n.ter - thenoe ao-:.1th don~ the C!lp!! Town side 11.nd round the bay 
away to the north. The current is not atron~, 3/10 of a knot 
being the hi~heat rate measured, ~nd is e~sily turned ~!i~e or 
driven back alto~~ther by looal eddi~s ~nd drifts set in motion 
by winde that of't~n do not blow home to the port. The rillin~ 
anrl f~llin~ or th~ tide does not seem to affeot the currents in 
t1.ny degree; a look=out ns kept for t irl11l inf'l11ence but none 
noticed,.'• 

* Afri@a• Pi l ot~ P~rt II (192?,)ll f26]~ p
0
303

0 t Perry i 0 Report on the Currents in Table Bay from Observ~tions 
oarried on d11ring the Months or Mareh ~Pril 'May and June 
1aa1 I) r 21 J 

O 
" • " • " 
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Neither the measurements of Mr. Lacy Good nor any subsequent 

observations depart from this general picture. However, 

?erry mentions that there was a tendency for the o.urrent 

(especially the undertow) to divide after hearing south­

west from the end of the bre?akwater and rea.chingt i 'he shore 
' . _.~ : 

near the Salt river mouth. The right-hand stream turned 

westward, scouring -the Central Wharf' and the south aide of 

the breakwater (ct. Figs. 2 and 3), while the left-hand 

stream headed north along the coast. rhia is confirmed by 

the description in the African 1>ilot. Perry further re­

marks that: 

9•~ith a leng ground swell from the northward indicatin~ 
strong winds in that Quarter. although it was perfeotly oalm in 
the vicinity ot the port I hava found a ourrent from the north­
ward down along the ooast sweeping round the bay and oirt p~st the 
breakwater toward Mou11le Point at a rate o~ 1625 ft per hour. 
Whilat with the swell eoidng iu trom the westward I fouttd the 
eurrerxt l"\111.?ling in the opposite direction at a rate. o~ 1660 ft 
per hour, tt 

all of which is cited in evidence that the normal currents 

are easily affected by superimposed wind-drifts. 

Ur. Lacy Good's investigation of the currents in 

Table Bay remaina a model for this type of work. Hie con­

clusion regarding their impotence is aptly summed up by 

Meesrs. Uethven and Hammersley-Heenen s 

i 9 'the exhaustive investigatious and records raade by Mr. Lacy 
~ood, A.U.1.C.B., in 1895 prove that currents do not exi1t a~d 
that what there are are so irregular and intermittent a.nd or 10 
feeble a character, as to place them outside the necessity of 
consideration ••• " 

12. The Oontiauration of the South Atlantic Basin. 

We shall have cause at a later stage in this work to 

consider the influences of the ocean-basin of the South 

* L • C • ( eonte p • l 7) , f 8 ] • 
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Atlantic, boundi ng on the coast of South Africa. Some idea 
of its general conf i.guration, theref ore, seems appropriate 

i n this chapter. 

Fig. 7 g ives approximate con t ours of the sea-bed, 
west and south of t he southern porti on of Africa, as far as 
t he mid-Atlantic ridl,ge 1 • Thia ridge, which reaches the sur­
f ace at isolated points such as Tristran da Cunha and St. 
Helena, virtually divides the southern ocean into two com­
partment·s. It curves in streamline fashion round the souther1 
tip of Africa at a distance of some 1700 to 1800 miles from 
the coast. 

A submarine spur, taking root on the west coast of 

Africa near the mouth of the Cunene River, and jutting out 
towards Gough Island, forms in effect a northern boundary 
to the ocean-basin immediately west of Cape Town. 

· 1t is of interest, in passing, to note ·that the possi­
bility of the ocean-basins being a consequence of the genesis 
of the moon; according to :uarwin' s theory t of the eruption of 

part of the earth' a mass under tidal influences, ·was visual­
ised by Fisher s. Hi s· view that the void would be filled by 
an influx of magma from below, and by fragmentation and 
drifting of the remaining crust, would explain the existence 
of the Atlantic channel and the mid-Atlantic ridge. The later 
divides the Atlantic ocean almost centrally from Greenland 
to Antartioa and appears to be.obvious evidence of a rift be­
tween the continents on a line conforming with the earth's 

~ Based on Goodall & Darby (l.c. ante p. 32), '24]. t Sir George Darlfin, 'The Tides snd lindred Phenomena. in the Solar System'• (London), 1911, [ia) 11 pp. 212 .. ;.sl?. . § Osmond Fisher, 'Phyaioe of the Earth's Crust', (London), 1889, r 29], PPo 335 ... 341" 380. . . 
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axie of apin. The my·thical conception of a lost contiramt 

of Atlantis has now b~en exploded by r ecent scientific ~x­
peditions which have been surveying the mid-Atlantic ridge ~. 

13. The Topography of Table Bay. 

Much of the Cape in the neighbourhood of Cape Town is 
mountainous and of bare rook structure, the intervening 
valleys comprising wh·te sand with a high percentage of shell 
inclusio?1$'.· of obvious marine origin. There is evidence in 
the various raised benche9 to . be found in the Gape that with­
in man's existence the sea level was some 400 feet higher 
than it is todayi'. The withdrawal of the sea could be ac­
counted for by the gradual elevation of the land mass and 
possibly also to some extent by the trapping of increasing 
proportions of moisture by aggregation on the polar ice caps ! , 
but a stage would be reached. where the play of the tides be­
tween the rocky island of the Cape Peninsula and the main­
land over shallowing ground would throw up a sand bar, re­
sulting in the formation of the Cape Flats aa we know them 
today, (Fig. 7). 

Table Bay is flanked with this sand accumulation on 
its east side between the rocky escarpments of Blaauwberg 
Strand and Robben Island on the north and of Sea Point and 
Mouille Point on the south. As may be seen from Fig. 1, the 
original. shape of the bay was not unlike a horn with its ver­
tex between the Castle and the Amsterdam Battery, but in 

* Of., Time, Ootober 6, 1947, r 30]. t Cf. Abbe H. Breuil: 'The Old Palaeolithic ~ge in relation to the Quaternary Sea Levels alon~ the Southern. Coast of Af:rica', S
0
A. Journ.al or Soieace~ 1946, l31] 0 5 Ct. Sir Napier Shaw: Manual of Meteorology (Cambridge) 1942, r32L, Vol. IIIP PPo 181 & 189. 
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sectional profilei now that the tip of the horn has been re­

claimed from the seaJ the bay is very like a semi-ellipsoi­

dal bowl int o which openings have been cut on two sides, a­

long the major and minor axes (Fig. 8). Indeed, on this 

analogy the dimensions of the bowl would be 46,800 feet along 

the major a.xis and 31,200 feet along the minor, giving a 

dimensional ratio of very nearly 3 to 2. 

The shape of the sea bed in the bay is shown in both 

Figs. l and 9, the depths and o.ontours of the former being 

those of an early survey, (circa 1846), and ot the latter 

those derived from the soundings of Commander Dalgleish in 

1933. l'he maximum depth of the west channel at its narrowest 

point is 120 feet and that of the north channel 50 feet. 

From all accounts the major portion of the sea-bed of 

the bay is of bare rook. During the reclamation of the fore• 

shore for the building of the Duncan Basin (Figs. 2 & 9), 

very little silt could be gathered by the suction dredgers 

from the roadstead and most of it had to be obtained from the 

north aide of the breakwater or from close inshore. 

14. ~?osion and Silting in Table Ba,.y. 

The earliest marine survey of Table Bay seems to have 

been made by :ilioller and de Heere in 1729 and it was followed 

in 1786 by one executed by Veelwaard and Bohn. The latter's 

chart gives the soundings in toises ( 6 1/3 feet approxi­

mately) and seems reasonably accurate, and by comparing its 

depths with those ot Capt. Belcher's surv~y ot 1846, Sir 

John Coode's of 1877, ~r. Laoy Good's of 1895, and Commander 

Dalgleish's of 1933 (Fig. 2), it would appear that the por­

tion of the bay in the immediate vicinity of the harbour was 
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much deeper in 1786 than in any period s ince. Obviously in 

the early days the treak current, of which mention has been 

made in Section 11, together with the oblique surf that ia 

encountered along the west coast near the Amsterdam Battery, 

was sufficient to keep that portion of the coast bare of 

any sand deposits. However, :ln the dead water of Rogge Bay 

quite considerable sandbanks existed. Considerable shoal• 

ing must have taken place in the first half of the last 

century to cause the contours to recede as shown in Fig. 2, 

and this is difficult to explain purely on the grounds of 

the construction of the jetties. Slight further recession 

of the contours occurred up to 1860 after which they began 

to advance again slowly, even in the face of the main har­

bour works which from this time on began to push out from 

the rocky promontory north of the .Amsterdam Battery. In 

spite of this, shoaling seems to have been continuing pro­

gressively close inshore, no doubt as a result of the ad­

vancing reclamation off Rogge Bay, and we :find the rocks 

between the Castle and Fort Knokke, which were eXposed in 

1877, silted over by 1895a 

The harbour designers were fully awake to the dan• 

gere of silting, but in advancing proposals for the harbour 

works in 1856, Cap·t. Vetch* dismissed the matter on the 

grounds thats 

1 'The only solid or stone jetty 1n the bight or the bay is 
scoured out and partially undel'lllined on the &aat side and has been 
sanded up on the west side". 

• Report of Capt. Vetch on Barbour Works in Table Bay• . Au~. 27, 
1856, (Blue Paper. 1859), r33]. 
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Later, in 1860, just before the construction of the break­

water, Sir John Coode ~ expressed himself as satisfied that 

silting would not be a problem. and remarked that some rocks 

on the western side ot the b~ hM the same appearance as 

described in 1762. A later report of Coode's in 1877 es­

tablished that there had in fact been no silting since the 

commencement of operations. Yet another enquiry into the 

possibilities of silting having occurred was conducted by 

a commission consisting of Capts. ?erry, Bainbridge and 

Free body in 1885, but "it reported t no appreciable changes 

in water depths near the harbour. This evidence confirms 

Fig. 2 that from 1860 on the tunnel of the bay was scouring 

rather than silting. 

Having regard to the non-existence of appreciable 

harbour works in 1846 which preclude the possibility of the 

latter being wholly responsible for the changes, we are led 

to conjecture why such considerable shoaling should have 

occurred at the hea<l of Table Bay in the interval between 

1786 and 1846-60; further why the bay-head should be tend­

ing to deepen again from 1860 onwards when the increasing 

protection from the breakwater and the ex1)anding harbour 

works would seem to suggest otherwise. Since 1933, 

even before the reclamation and construction of the .Juncan 

Ba.ein, steady erosion was in progress along the ?aarden 

Eiland shore. It is true that this could be attributed 

to the increased wave energy de~lected by the breakwater 

on to that part of the coast, but the existence of 

Mr. John Coode's R&port of 30th No~ember, 1859, on the Proposed 
Harbour of R&fuge in Table Bay, (White Paper 9 Cape Town 9 1860), 
[34lo . 
Report of Commission assembled by Table Bay Barbour ijoard re 
Changes resulting from Extension of Breakwater in Table Bay attd 
Condition of Bay as a Sa.~e Anchoragep {Cape Town~ 1885). r35]0 
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erosion far north of the Diep River mouth (Fig. 9) tends t o 

offset such an explanation as being the only one. There 

seems to be evidence then of a possible cyclic change in 

silt and scour extending over a very long period of years. 

Taia apparent periodic change in depths is of con­

siderable interest and raises the question whether mean­

sea-level is not perhaps fluctuating in a periodic manner. 

This theory has been advanced by 1~r. Ralph j.,Iarriott ~· ·to 

account for the severe erosion along the Paarden Eiland and 

~ilnerton shore, on the supposition that a rising sea level 

will affect the beach slopes and necessitate the sea cutting 

new equilibrium gradients in the land. In the author's 

opinion this is verr. plausible inasmuch as it requires 

only a dwindling of the polar ice caps or, alternately, a 

slow change in the atmospheric high pressure belt to effect 

a rising sea. The Arctic ice cap and glaciers are known to 

be shrinking at the present time t and concurrently it has 

been found that the level of the :North Atlantic Ocean has 

been steadily rising in the last 20 years at the rate of 
( 

about 18 ins per century' or about 2} ins per a.nnu.m S. The 

l ong-term cosmic changes that are responsible for this are 

equally capabl e of producing long-period changes in the 

earth's atmosphere. The author ventures to suggest that 

there may be a slow periodic shift of the hemispherical 

high pressure belts to north and south of their mean posi­

tions and that such mutation would be ad~itive in affecting 

aea levels and severity of storms and could also be held to 
i\t 'Erosion of Coast at Paarden Eiland', Report to the City Engineer, 

Cape Town, October 6, 1944, r3s]. t er. F.RoPaver: 'Africa's Chances in a ~armer Wo rld', Series of y 
6 ~eekly Articles in The Star, Johannesburg, Deo.3,1949,et aea., rs1]. · 

§ Report of the United States Coast and Geodetic Survey,l946,r38]. 
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account for the apparent periodic variations of rainfall, 

t~peratures, etc., that are manifest at Cape Town and many 

other places *. 

~Jhatever the circumstances, there has been in recent 

years very severe erosion along the whole eastern shore of 

Table Bay. The origin&l ~arine drive which w~e ~uilt along 

the beachhead, south of the niep River mouth, some ~5 yea~e 

Ag" haa al.moat entirely <1iaapJeareaw while the second iuarine 

drive, built about uo yards inl8Ild ot the other in 194~ is 

alren1y ~eing threatened in certain places. ~aerate of 

erosion seems to have been progressive in the last 10 years 

and there is no knowing where it will end. 

These tacts are mentioned as having a bearing on our 

problem, tor as we shall see, the forces that are at work 

denuding th~ land are alan bound up with the fnrcea re• 

eoonaible ~or Range. 

• er. Discussion on 'Stonnwater Drainage', Proc. S.A.Soc. C.E •• 
Vol.42, 1944, f39]P p.125. 



"So every degree of proceeding in a science ~iveth a li~ht to that which tolloweth; which light if we stren~hen by drawin~ it forth into questions or places of inouiry, we do greatly ad­
ttn.0e our pursui·t "· 

Francia Bacon. 
~Advancement' of Learning(Book II)s(1605) . 

16. Rudiments of Knowledge. 

With the background of informa tion provided by the 
last chapter we may proceed to examine, in greater detail 
than was possible in the Introduction, the degree to which 
the Range phenomenon was perceived and understood by those 
moat competent to express their views upon it, at the time 
that the author embarked upon his researches in 1942. As 

mentioned in the Preface, it was considered a first duty to 
consult nautical opinion and local inference, more partic­
ularly in view of the author's comparative ignorance of the 
subject at the time; this was, therefore, his first line of 
inquiry. 

From the rather incomplete correspondence which 
passed between Cape Town and the Chief Civil Engineer's 
Office, where the author was at first located, it was 
gleaned at the outset that Range was a peculiar surging 
of the waters in the harbour basins, usually , but not 
always, associated with severe storms from t he north-west. 
From all accounts it ·was erratic in nature and affected 
shipping in the basins rather inconsis t ently. The ranging 

of ships appeared to involve horizontal and vertical 
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movements of tremendous power. Upon this bare kernel of 

comprehension grew the substance of the following first 

enquiries. 

16. :gv1dence before the 1921 Com.mi ttee on Harbour Schemes ·~. 

We have already referred in a general way in Section 

5 to the deliberations which the Committee on Schemes for 

the Development of Table Bay Harbour, appointed in 1921, 

gave to the Range question. This Committee consisted or 
Messrs. Parry, Steytler, Nicholson, Salmon and Capts. 

Stephens and Mathie, all of whom seem to have been properly 

aware of the seriousness of the Range Problem: it is an 

obvious inference from this that the troubles which had 

been experienced in the harbour of the time (still sub­

stantially the same as it was in 1900, Fig. 3) must have 

been very worrisome. 

The Committee's first witness, Senior Pilot Capt. 

lobnaon, who had been a pilot at Oape Town for 17 years, 

admitted that he could not account for the Range or 'Run' 

"8 it was then known. He said: 

'' It oft&n t~k•• place durtn~ calm wea.th~r when there is no 
apparent reason for any disturbanoe. It may be th~t the ori~in 
of' the 'lbn' 1a the dhturbaace of water mauy milss ~rom Cape 
Town, i.e., the atter etteote ot & heavy sto!'lft ~t ae~ ••••• Ther~ 
are ocoa.1!1101111 when the rHJJOU for the 'lbn' is Vflry a;p,.,,irent, 
i.e .• when we, have a northerly galo •••• but we ~et it without 
any westerly or northerly wind. 'R'e treq~ently '(et it in f'ine 
flather bef'ore 111 etro11g aouth«,.e,ater ·ool!les done;." 

Johnson oonaidered the Run was worse on the south slde ot 

the Victoria Basin than on the north side, but that it 

should not be appreciable in any southern basin constructed. 

In his view the 'Run partly expended itself on the beach, 

$ L.c" (ante p. 14) 9 [ 2]. 
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but insufficiently to prevent its return. Run was not 

stronger at .greater ~epths than at the surface, he main­

tained, and ship draught was not important. 

Capt. Leigh, Nautical Adviser and Port Captain of 

Table Bay, gave some particulars ot the degree of severity 

or the Range in the harbour as then existing (Cf. Fig. 3.). 

The ~ast Pier berth was one of the best, he said; the cor­

responding berth at the Elbow one of the worst. The whole 

of the South Arm berths were bad, whereas Nos. 6 and? 

qu~s were good. Amplifying this, he remarked& . 

" The Run a.l.ong the South Arm ia nothin~ like so bad ,u 
before the East Pier and Elbow were built. Further , &an in 
the inner doelc, 1U.fre,d Basin, is very little 1noon-v-enienoe to­
day. In the old days No. 2 Jetty waa a pile jetty with a mound 
under it, considerably lea, in height than the one under the 
Loch Jetty. The 1nl1de ot the Looh Jetty n.1 one of the beat 
berths in the dOClk. Sinoe Hoo 2 waa Noo11struoted and a new 
1olid atruoture put 1n its place, 'the inaide or the . Loch Jetty 
and the outside of 'No. 2 had become two of the wor t bertha." 

Leigh favoured a brea.kWater extension to minimise the Run 

and pointed out the advantage or narrowing the entrance to 

restrict its entry. He agreed that Run was reflected from 

the Woodstock beach. 

Capt. Coombes, Assistant ~ort Captain for 4! years 

at Cape Town, considered Run from the north stronger than 

that from the Yilnerton shore. He considered that Run 

would be less in a large southern basin than in the smaller 

Victoria Rasin. 

Capt. Jackson of the s.s. · 'Gaika' made the interesting 

comment: 

"Ne know~ of oourse. that at one or two berths at the present 
South Arm when a heavy soath~eastsr is blowing. towarde evening 
there is a big lbn. t'I 

He could not say, however, whether Run was due to a long 

swell entering the bay. 

Ur. ~arington-Smyth, an experienced yachtsman of 

'!'able ~a.y, voiced the opinion that development of the harbou:r. 
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on the north side of Victoria Basin would be likely to 

yield more Run than on the south side. Capt. Chope of 

the s.s. 'Kenilworth Castle', with 34 years experience 

of Cape Town, opined that Run was caused by north-west­

erly gales. 

Capt. Dent, for 10 years a pilot at the harbour, 

essayed perhaps the first attempt at explaining Range 

action: 

'''My experlonce •••• is that the cause of the !bn in the doc~ 
is that the breakwater is not of sufficient le~gth. Our he~viest 
Runs ar• not during ••• wind~. The Run is always· forerunne!' of 1:1. 

gale which is working up to t~t southwards. ·1 proved this our­
rent times without uunberwhen I first joined the SerTice . 

• 
1 

,, I have lain on the north and of Robben Island and lrifted 
without working the eugines 9 and have come ri~ht across to-Green 
Point up alone; shore, then round the breu1.1Nater.... I maintdtt 
in thill fti11 that there is a continuous curr0nt comin~ alon~ the 
shore ••••• I am of opinion that the current breaks itself into 
two portions, o~e ~ing past the end of the South Arm Elbow and 
the other findin~ itsway into the harbour. There is a de~d 
water err the Elbow itself'. io 

Dent r~ferred to the fact that vessels berthed outside the 

South Arm Elbow experienced an off-and-on movement of 

thumping quite independent of the fore-and-aft motion. 

He remarked on feeling a definite current round the break­

water when there was a Run on, and considered that cur­

rents were stronger than mentioned by Laoy Good in his 

report of 1895. 

Capt. Storm, b years a pilot at Cape Town. also 

had views on the origin of Range. hie feeling being that 

it was caused by current and sea being split by the Wood­

stock beach, the greater portion heading north along the 

Milnerton shore artd the remainder curving towards the har­

bour (Fig. 2, 1895) where it was reflected from the south 

side of the breakwater into the Victoria Dock. Jmlarging 

upon this, he safd: 
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u ( Iul:a) oomes from the seap f'rom the outside. Many a time we 
have no't seen a"B.Y sign of windp evarythiug being quite smooth, but 
if 1if'8 could get the meteorological conditionsp say, about 50 miles 
off, we would find perhaps it waa blowing a gale of wind and .the 
sea was ruxming in this direction, bUt it (the wind) expends itself 
before we get it 11 thottgh there is a volume of water that the sea 
drives 11110 : 

In reply to questions about conditions inside the Victoria 

Dock Storm considered No. 6 quay (Fig. 3) safe, but the East 

Pier wa.s subj eot to an inside run, in proof of which, he 

aaid, one ship berthed there broke all her moorings. It 

was nevertheless not Bo bad as at the Elbow, which he 

thought a very unsafe place. Referring to conditions in 

the anchorage, Storm commented on the fact that with ships 

at anchor one sometiI1:es found a vessel heading into the 

wind but with her cable leading sternwards instead of to 

the fore as might he expected. 

Capt. Short, a pilot for lOt years at Cape Town, 

added to the general picture by saying: 

''The only way you ca.n do away with the Ban in the do$k 1a to 
increase the area or water in the harbour, se that the amount or 
water that pilas itself up in the bay will have a larger area to 
extend over and therefore be slower 1u its movements." 

Short thus considered there would be less Run in a larger 

basin than in a smaller one and averred that lengthening 

the breakwater would further decrease the Run. Regarding 

conditions in the harbour he thought ships lay more com­

fortably than elsewh.ere at No. 6 Q,uay and inside of No o 2 

Jetty. No. 6 ~uay he considered the best in the dock, while 

Eaet Pier was definitely better than the Elbow. Short 

agreed that the only thing to stop the Run was to extend 

the breakwater sufficiently to "restrict the quantity of 

water piled up in relation to the volume of water enclosed". 

Run would affect a large ship more than a light one, he 

asserted. 



50. 

Capt. Hussey-Cooper of the S.S. 'Jlerrima' pointed out 

to the Committee that scend or Run at ~elbourne was very 

much more serious thBn at Cape Town and atta.ined to veloci­

ties of 7 knots . 

· Completing the evidenoe of nautical men, Capt . Tose 

of Messrs. Thesen & Coo, Ltd., put in a plea for a scientif• 

io investigation of the Run. 

Among those not directly connected with navigation 

who were consulted by the Committ~e was Mr. George Stewart, 
lecturer in Civil ~ngineering at the University of Cape 

Town. He gave his explanation of the phenomenon as: 

v, The reas&n of Ba.4ge is, or oourae, due to wave• eaterin~ the haztbour, but it ts not a11fflys necsmsai"y f<>r a. gale to e:d!'t 
wha1l Range ~ction occurs. The Bauge wa.wa may be caused by gde some conaiderabl e di stance from. the harbour . ~ long rolling swell , common to the Cape , at a distance fram a harbour has an acoW!olat1ve ef'f'ect on Range a.ction. 11 

Answering a question from the Committee, Stewart agreed that 

Range would be due to rebound of the swells from the coast 
of Table Bay. As we have recorded in the Introduction Stew­
art a;reeaed the desirability of a model investigation of the 
problem be~ore any scheme were decided upon. 

Finally Mr. Cochrane, Assistant Resident Engineer with 
25 years experience at Cape Town alleged that: 

"The Run, as a run., .is merely the alterqtion of' levels . one bit of r~ter trying to eome to the l6vel of anot her bi t i s mor e or l es s conf'ined b I\ :r'l.arrow entrance. 19 

He too agreed that the Run would be lessened by a.n extension 
of the breakwater. 
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17. Interviews with Harbour Officials in January, 1942. 

As we have recorded in the Introduction, the new 

'Duncan Basin at the time of the Range crisis in 1940-42, 

had Just been enclosed from the sea and was in process of 

_being completed. The hoped-for immunity of the new basin 

to Range-action was not realised; instead the behaviour of 

several very large ships moored there gave cause for grave 

concern. In respect of what is set out hereafter, which 
will naturally invite comparison with the last Section, it 

ia as well to note that in the intervening time since 1921, 
the breakwater had been extended by 1250 feet, while a South 
Basin (Fig. 2, 1933) was constructed and completed by 1932, 
only to give way in 1938 to the larger design of the Duncan 
Basin. 

Interviews with the Harbour Engineer, Port Captain 
and Pilots and various other persons in January, 1942, 

served to corroborate the experiences of the previous genera-

tion. • 

Mr. Lankester, Harbour Engineer, revealed that Range 
could exist without any wind, but, in general, was only of 
a serious nature if the wind was bearing from the north-west. 
Run, he said, was nevertheless also occasionally a feature 
of the summer months. No well-defined. currents existed in 
~able Bay although due to the prevailing winds of north-west 
in winter and south-east in summer, the beaoh near the root 

· of the new Eastern Kole sucoessi~·ely eroded in winter and 
silted in summer • 

. Capt. Short, who gave evidence before the 1921 com­
mittee and was by this time promoted Port Captain, held that 

the Range phenomenon was fundamentally due to swell - often 



originating far out to sea - impinging on the breakwater 

and recoiling there, while the unretarded part af each 

roller continued its course towards the shore. Owing to 

this interruption, he maintained, a head of water waa built 

up on the end of each roller after negotiating the break­

water and this of necessity travelled sideways and entered 

the mouth of the new basin. 

ln a conference of Pilots convened by the Port Cap ... 

tain, which included Capts. Reed, Tarpy, .:>utton, Caubin and 

SummerB, opinion seemed to be unanimous that Range usually 

set in after the wind had been blowing from the north and 

had then veered to north-west or slightly west of north­

west: unless the wind veered to this quarter the Range was 

not appreciable. Nautical opinion was also unanimous in 

holding the new Eas·tern Mole responsible f"or the Range in 

_the Duncan Basin (Fig. 4) o No trouble, it was alleged, 

had been experienced in the 1932 South Basin. Capt. Short 

oited the case of a schooner which had been moored for two 

years on the east side of the South Arm, before the first 

south basin was enclosed by the random block mole (Fig. 2), 

without ever being ,3ubj ec t to any dang ex _from Range action. 

Ca.pt. Short :.va.a quite emphatic in saying that the 

phenomenon was no new one, because it had always existed 

throughout the 31 years of his experience: it had merely 

become more accentuated and troublesome since the comple= 

tion of the Eastern Yole. He asserted that the building 

of the Eastern Mole had cut off the natural spending beach 

which had previously existed between the Adderley Street 

Pier and the Salt River Youth (Fig. 2), and this had 

deprived the harbour of its natural shook-absorber against 
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heavy seas. l'hat seas had in fact been very turbulen t out­

side the old random 1Bol e before the construction of the Dun­

c an Bazin was confimed by Mr. Alma, Assistant J.Ianager of t he 

Hollands& Aa.nneeming Yaatachapij, contractors for the dredg­

ing and rock-breaking operationa in "';he harbour devel opment 

scheme. 

Mr. Alma was abl e to furnish interesting evidence of 

conditions far out i n t he bay during preval nee of heavy seas~ 

Thia was prooured on e.n occas i on when a crane on t he break­

water, then being constructed on the east s ide of Robben Is• 

land, had become endangered by high seaa. A tug was com­

missioned to take hi~ to the scene. The swel l a t the time 

was apparently coming in from the open ocean round the end 

of the breakwater and curving southwards, but far t her out 

the ewell was at r igh t angles t o the i r pa:th t o Robben Is­

land (Fig. 9) and therefore coming from the south-west. 

Near the island the swell actuall y curved nor t hwards and 

was met by a ewell coming south f r om t he nor t h-east side 

of the island. This latter awell was part i cularly violent 

and was cauaing moat or the damage i n that area. 

Capt. Short's view that Range was ca.used by wave 

propagation through the entrances of t he bas ins was dis­

puted by Commander Dean of the Seaward nefenoe Force. 

Run or Range, he affirmed, was definitely not a swell in 

the accepted sense or the word, but a decided movement ot 

water to and fro through the basin entrances at veloci-

. ties sometimes observed to be of the order of 3 or 4 knots. 

Nautical opinion was generally in agreement as to 

the poB i tions in the basins wher e Range ac t i on was usually 

worst. In the Victoria Basin i t was often qui t e pronounced 
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and was especially bad on the east side of No. 2 Jetty and 

along the Elbow: no trouble was experienced on the west 

side of Nol 2 Jetty. In the Duncan Ba i n it was considered 

that the combined effects of the incoming and shore-reflected 

swells impinged on the basin near berth Hand rebounded again 

across to the stub-berths . on the Eastern Mole. At the saD'.l~ 

time Range was partlouJ.a.rly bad along C and. ;) berthru move­

ment at these berths tended to be f.ore-and 0 a.f't and at E and 

the stub berths off-and.-on, while rise-and-fall oould be as 

much as 4 feet near H berth. Greatest damage, it was said, 

waa done at the stub-berths where the oft-and-on movement 

was considerable and dangerous. Besides a definite trans­

verse Range across the Duncan Basin there was, according to 

Capt . Short, an observable longitudinal effect . 

1:_8 :_.jg.!'..~~ t!_!.r..2!Lfa2.!"~_]..!™.'!!. ,ar.i2r ... ~....fil~~ 
The Range question was c.isaussed. a.t, great length and 

with some piquancy in the official correspondence of the 

South African Railways and. Harbours Adm.i.niatration, which 

led up to the decision to institute a model investigation. 

I~ is as well to realise that this arose as the result of 

convergent oirownstances; first, the progress in construc­

tion of the Duncan Basin from its inoe9tion in 193.8; second, 

the increasing strategia position of Cape Town as a haven 

for large ships in the 1940•42 Allied criais of the second 

World War; and finally, the advent of particularly severe \ 

• t r t •• ' ··1 ] e0 0 l_ &Jl 8 p.c.3) g I 3 • 
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storms in the period 1940-42. Fig. 10 depicts the progress 

made in auoceseive yoars in the oonstruction of the Duncan 

Basin from its i nchoution and it will be understood from 

this that, as no speoific complaints regarding Range had 

attended the complet i on of the old South Basin in 1932, 

there is little aooount of trouble in the annals before 

1939. 

Fig. 10 will 11s.ke it clear too that by November, 1939, 

just after the outbreak of war, the Duncan ~asin first be• 

came an entity, a laTge expanse of water sealed off from the 

bay and allowed resp:1..ration only through a '150 ft. wide chan­

nel. The choking ef1:ect of the old South :Basin's random 

block mole had by this time been removed and the stage was 

set tor the impending drama. 

The trouble Clune early in the winter of 1940 {April 

28/29), and Capt. Weller, the Port Captain, in commenting 

upon it, threw interusting sidelight on the efficacy of the 

longer breakwater in relation to Range in the Victoria Basin; 

' 9 Exp9risnoe hns prov~d that the extension of the bre~kWllter 
'by 1249 1"t. which wae oompletet! in September, 1932, m11J.~e 111\ t111prove• ment in the Victori n Baein. Before the extension it 1'1\8 orten 
nece&!tary to take Vtl8891S &Wily from the OUS.3'8 into th& b&y "' it 
WA.a not possible to hold them alon~aide in b~d weather owin~ to the 
lbn. It seldom occur• today, 'Which proves th11J.t conditions have im­
proved• althou~h on occasions ships still brea~ adrift 11J.nd tu~a 
have to assist in kGepin~ them alon~airie." 

Weller suggested the possibility of extending the breakwater 

still further to improve the Range conditions in both basins 

in the new circumstanoes, but the Harbour Engineer (Yr. Lan­

kester), commenting on this, questioned whether the desired 

obJective would be obtained and advised that it would be 

better to gain more experience of the conditions. 

Af'ter the 'Yauretania' incident (Section 6, p. 23), 

the Port Captain wro t e: 

\· 
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" After this experience I consider the money woulrl be well spent in makiu~ a lar;e scale model of T11ble 'A'ly ant1 nock with &~enuate apn~ratus to create th~ conditions th~t ur~V1111l whsn ~ he~~ ~round-swell rolls iuto the B~y. It coul~ th~n be definitely ascertained if the eittenai~n of the bre~'lrvf~t~r woul~ be the only solution, or whether some other me•ns mi~ht b9 amploye~ of less~n­inq; the aur~e in the docks., o." 

In the same letter he says: 

" Before the conatruotion of E b~l'th, C &nd n berths wer~ not ~a bad as they are today dur1n~ lbn.conrlitio~sp but they wer,, definitely the worst berths on the uiii;ht in ouestio11"~ 
The System JJanager, Cape l'own, in reply, pointed out that the 
end of the new Eastern Uole was purposely designed in such a 
way that the entrance _width of 750 feet could be reduced if 
necessary at no great cost to out out more of the disturbance 
from outside, and that this narrowing had now been authorised. 
The question of a model investigation, it was considered, 
should be left in abeyance meanwhile. 

After a further bad bout of Range on July 24th, 1940, 
Port Captain Weller reiterated. his request for a model study: 

vr So maay theeriea have been advanc•d aa to the c111t1ae and elso to the reduction ot the Ran~• in the Dooka• that I oonsider th~ b 19 st method is to experiment with a model as prsviouuly su~~eeted.'e 
But there the matter stood until the fury of the 1941 storms 
brought it once more to a head. 

On July 4th, 1941, the Harbour Engineer was requested 
by the Chief Civil Engineer, on the representations of the 
General 1tan11ge~, to undeTtake some investigation of the con­
di tione •1 to particula.- .,.-.~erenee to the meteorological cir­
cumstances and the measurement of qBnge. owing to CP.rtain 
difficu~ties which will De alscussed later, tne ttar~our 
Engineer's enquiry failed to elicit any information of 
practical value before the author became involved in the 
problem. 
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l'he 'J3ri ttanic' mishap of September 3rd, 1941, led to 

lengthy correspondence in which Capt. Short. the new Port 

Capt~in made the following signif'ican·t observations: 

"All vessels at the stub bertha on the ~.aRtern Mole carried 
away rcpes •••• At all etub berths wooden flo~tin~ fenrlere were sm~she~ 
to destruction. The vessels at A, D and F berths Ollused no trouble. 
Althou~h there was fierce Run in both Victoria and Alfred Dock eu­
trances breakages of ropes were few in Victoria Basin •••• Th! lar~e 
vessel• at East Pier and No. 3-4 South Arm did not pBrt a s1n~le rop~ 

''tll thia ~oes to prove th~t Run conditions ~t ouay berths ~re 
very erratic, but •••• it is evident that the stub berths ,ue cilwaya 
effected by Run and can be considered the most unravourable in the 
New Basin. 11 

The ?ort Captain proceeded to advance the theory that the 

head of water built up behind a ship between the stub jetties 

(Fig. 4) caused her off-and-on movement. Said hea 

" It is my considered opinion 51 sup-ported by my senior mi:irirte 
of'f'icerst that i the stub berths were made a continuous ouay~ the 
berths ther~ would be considerably improved. This opinion is based 
on experience (of) Tesaela •••• moored •••• north or th• stubs ~nd 
olose to th9 n81J dock entrance ••••• The conditions on the (strai~ht) 
quay south of the ,tuba is even more favourable.• · 

Continuing, Capt. Short advanced further opinions on the 

origin of' Range: 

91 In conneotiou with the cause or Run or ~n~e in Table B~y 
ryooKs, my experience, sztendin; from 1911 (prior to the extension 
or the Brealcwater) leaves me in no doubt thst ths extension or the 
Breakw,i.ter did not in the lea.st degrGe lessen the lbn 1n the Viotorici 
BAsin and that the Ibn in the New 8-sin ~sit is todav ia couaider~bl 
worse than when the New Basin was enclosed on the southern and e~st­
ern aides by the Random Block Mole (since removed). 

" There is no doubt that the Run or Ra.n~tt 1n Tii.bli, ~ay Dooks h 
caused by the acend of roller8 into Tabls Bayp which are m~inly duo 
to north-westerly ~ales whioh fre~uently blow home during ths wintor 
S9aaon; there ar9 also many occasions when rollers oome into the B~v 
without the l8~st wa.rnin~ and eometimes durin~ ths Sufflll\C9r Season

0 
· 

I have known instanoes whsn the western sine of Robhen Island unto 
well south of ''fhale Rock h~s bef!n. smothered with heavy en,1th.,,west 
rollers, and on the r:;reen Point side of Tablo ~8.Y the bee.oh h"!R be~n 
ouite smooth, but the lb.in in the ryocka was very severe. 

" It is the ~eneral opinion that reduction of fun in the T'locks 
ctt.n only bs done by a ooneider!lble extension of' the Brea.1MTater •••• 

uv It must be admitted that the past Winter s~ason ~~les h,v• 
been the w?rst within msmory of many A&utioal officers; ons, ~n ex­
Port Capt~1n, and N~utical AdYiaer, has assured me peraon~lly th&t 
it is the worst he has lfnown tor over 45 years •••• '' · . 

In a long letter of Ootober _24th, 1941, the Port Captain 

replied to some arguments in whioh the Harbour Engineer had 
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contested the f ormer 's theory of the ac t i on a t the stub 

berths. The fol l owing extracts have a bearing on our sub-

ject: 

"From pe rsonal obeervQt ions I wn compelled t o th@ b~lief t hat 
there h a lar;er llfflotnat of' diaturbancs i n th!!l pre sent Ner,r B,usin 
than wae in the Basin encl osed by the Random Block Mole . and for 
the followin~ reasouu: 0 

(l) The eastern side of t he Random Block Mole was constructed 
in a sli~ht curve t o th~ South-weet which allowed a fra~r run for 
the ~avo action t o expand on t he beach from ~oorl s took &round t o t h~ 
wtntward •• •• 

( 2) Most of thei vm.ve action ent srin11; ·che ••• • enc l osed bl\sin Wl'\B 

broken up in th& i rr'a~l ar masse e of blocks of t he mole , and f'urt her. 
there wa s a. large a r ea of ~rt11dud ehoal in.e: vm.t e r on t ht'.l we1tGrn side 
of the Basi n which ~l ao had t he cam~ eff ec t . 

n The New Ba~in 13 now @nc lO G*d wi t h th@ East~rn Mole and the 
advant a~s of an ext~naive ~radual Gho~lin~ vratsr area • ••• has bean 
taken away. and _with the ~reater portion of t he New Basin enclosed 
by vertical ouay wal ls which only d~flect t he w~ve di s t urb~nce ••• • 
without reducing it to any apnreoiable ext@nt § it wi l l be ~rlmitt ~d 
that heavier wave action must be prese~t i n the New B~sin. 

"It is also my opinion that ther@ is a VAVG action which 
travels ~o the •orthwa:rd along the Ea.st ern Mole andc;ontributes a 
holdin~ up force to the wave action which comes f rom the ends of 
the •••• rollera aa they sweep past •••• the bre~~ter and o~uses a 
conaider~bly ~reater disturb!lnoe to enter the New Basin than "8.S 
the oaee when the south and west areas of the Bay were open ae a 
wave trap." 

Capt. Short concluded by advocating the construction of two 

short converging breakwaters on either side of the Duncan 

Basin entrance to afford greater protec t i on to it from both 

the north and the east sides. 

19. Other Sources of Enquiry. 

The only other information on local conditions which 

could be garnered a t this time was t o be found in a paper 

written by lir. Georg e Stewart on 'Harbour :)eaign with 

Special Reference t o South African Condi t i ons' ~. Written 

in 1935 , this is chi efly remarkable fo r the attention it 

draws to the import ance of t he Rang e pr oblem at Cape Town. 

* L.o. (ante p . 5) 9 [3]~ 



Stewart's explanation of the phenomenon is less satisfactory 

and does not, in point of fact, establish what happens and 

why. He attributes Range.action to waves entering a harbour 

as -a result of local or distant storms and also •wave accumu-

lation due to physical and artificial characteristics' . The 

phenomenon is explained as a transmission of wave energy . 

Stewart sup~orte the view.held by many mariners at Cape Town 

that Range is influenced by wave reflection from the shore­

line of the bay. He maintains, in respect of Table Bay 

Harbour, that Range is of no consequence when the wind bears 

from due north owing to the limited fetch of water in which 

waves can be generated . 

20. Analysis ·of Views. 

The digest of all the information presented in this 

chapter is contained in the Introduction and needs no recapit­

ulation here. However, some more detailed analysis of par­

ticular aspe~ts of opinions and impressions can be made with 

profit for later comparison with facts, for obviously the 

viewsof experienced mariners cannot be treated lightly and 

must be made to accord with the facts or otherwise,, be dis­

qualified on the basis of false premises. 

Concerning the origin of Range-action, it seems to 

be variously attributed to swell and ~cean current, hounded 

into T~ble Bay by local or distant storms, the latter of 

which do not neoessa1"'ily blow home to the port. Capts . 

Coombes, Dent and Storm (192~) attribute the Run to current, 

but they disagree as to its circulati on and Capt. Storm, 

we suggest, was influenced in his opinion by his recollection 

of the relevant passages dealing with currents in the 
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handbook, 'African Pilot' (Cf. Section 11). Stewart (1921 

and 1935) ascribes Range-action to a transmission of wave 

energy resulting from penetration of swell into the harbour, 

(a somewhat intangible explanation) and from the rather 

nebulous al terna.tive of 'wave accumulation due to physical 

and artificial oharaoteristica', the meaning of ~hich is 

apparently left to the imagination. Capt. Short (1921 and 

1941-42) seems to have extended his views considerably on 

the nature of the Range phenomenon. His original supposi.­

tion that Range would be reduced by the provision of a 

larger dock area over whioh to dissipate it, having proved 

wrong in the case of the Duncan Basin, is discarded in fa­

vour of a more practical thesis, closer observation seems 

to have leJ him to the belief that incoming swell, in com­

bination with shore-reflected waves returning along the 

~astern ~ole, penetrates the harbour entrances and thence 

ricochets from wall to wall within the basins. Commander 

Dean (1942) disputes the conception of penetration of swell 

and is supported by Cochrane (1921) in attributing Range 

to the flux of water through the basin entrances, necessary 

to equalize disparities of sea level inside and outside the 

harbour. Capt. Weller (1940}, in his plea for a model in­

vestigation, makes the significant suggestion that heavy 

ground-swells are responsible for the surges in the harbour 

basins. Stewart (1935} maintains that northerly gales are 

in general unable to promote the necessary conditions ~or 

Range, but Capt. Johnson (1921), supported unanimously by 

Capt. Short and his Pilots (1942), considers a north wind 

perhaps the most favourable pre-requisite for Range 

development. 
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Capts. Short and Weller (1940-41) express entirely 

contrary views regarding the efficacy of the . 1932 breakwater 

extension towar ds improving Range conditions in the Victoria 

Basin. But on the question of the ·bert hs in the docks 

where Range is sever e or otherwise, nautical men are in 

good agreement. Capts. Leigh, Sto rm and Short (1921) all 

concur in rating the Elbow and the East-side of No. 2 

Jetty the worst berths in the Victori a Dock. The South 

Arm berths were considered bad, but No. 6 and 7 quays, the 

East Pier and the West-side of No. 2 Jetty good, with No. 6 

the best. Obviously the relative susceptibilities of the 

berths to Range action could not have altered much with 

the oonetruotion of the Duncan Basin, since Capt. Short 

and his Pilots (1942) accord the berths much the same 

rating. 

In the Duncan Basin, by common oonsent. the stub­

berths are considered the worst, action there being oft­

and-on: elsewhere, C and D berths are bad, A and B·per• 

haps not so bad, while F. berth promotes off-and-on 

movement and H berth pronounced rise~and-fall. 
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PART II 

OBS:1;:'?VATION AND :i.IT~Asuq:tMF.:NT 

OF R.'\NGE 

" 0 ••• we may psroeive thllt e-nry enquiry into 
the intimate nature of a complex phenomenon 
branches out into as m1tny different 111.n" tJistinct 
enQuiries as there !lr& simple or elem~ntary 
phenom•u- into which it m~y be !lllllllyeed; o•••" 

~ Sir John Heraohel 
Disoourae on the Study or 
Natural Philosophy. (1861). 

: 

' 

1 
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TH~ A.1"')()Prr, r::;cHlH).U~ OF OBS"":RVATION a 

"· •• owe aoQuire infom,ition respectin; the 'Phenol'ftanon its9l r, by 
observin~ thone with U'hioh it is habitually ,s~ociat~~. th,t m~y 
help us at length to its ,.m111lyda." 

- Sir Johu Haracbel, 
Discourse o• the Study of 
Natural Philosophy. (1851). 

21. The Exploration of Tide and Weather Charts. 

The author's first care in January, 1942, after se­

curing the information recorded in Part I~ .was to know what 

the behaviour of the sea and weather had been on the oc­

casions when Range action had been prevalent in 1941. The 

only eea records available were those of two fixed tide­

gauges, one an old Lege clockwork model in the Alfred Basin ~ 

the other a modern Lea electrical gauge located hetween E 

and F berths in the ~unoan Basin and operating remote­

control tide-dial and autographic recorder in the Harbour 

Engineer's Offices Not immediately aware at that time of 

the existence of the Lea autographic recorder, the author 

confined his first investigations to the Lege tidal charts. 

These tide-charts provided a continuous undamped 

profile of sea-level in the Alfred Basin and were chiefly 

remarkable for the incessant and often precisely regular 

fluctuations which quite obscured the mean sea-level. 

Over the monthly chart these fluctuations were observed 

to vary considerably, some da.ys being relatively small 

and others of large proportions. When the magnitude of 

this embroidery was correlated with the occasions when 
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the effects of Range had been damaging to fenders, ropes and 

shipping it was immediately apparent that the tide-gauge was 

faithfully recording the surges of water into the inner Al­

fred Basin. An example of the type of chart traced by the 

instrument during heavy Range is given in Fig. 11, the oc­

casion being one of the worst incidences of Range within the 

history of the harbour, June 19th, 1942. The oscillations 

reoorded are typical of the magnitudes and frequency of the 

rise-and-fall movement in the Alfred Basin, successive peaks 

or troughs occurring at approximately regular intervals of 

5t minutes. 

As Fig. 4 will show, the Alfred Basin is the last 

link in what 1s virtually a chain of basins leading to the 

Victoria Dock entrance, all of which are well protected by 

the breakwaters in consequence very little of the high­

frequency storm commotion ever penetrates within it. Were 

this otherwise, Fig. 11 would be a dense olack band in which 

the pattern we have noted would be unrecognizable. The Lege 

tide-gauge is thus automatically damped against high-fre­

quency disturbanoes and forms a useful index of slower mass-

movements o~ water. 

Use of this fact was made in attempting to align Range 

disturbances with meteorological conditions; for charts were 

at once compiled giving the maximum amplitude of oscillation 

(half-~ange) above or below mean tide-level at 6-hourly 

intervals throughout the winter months of 1941, together with 

the wind velocity and direction and the barometric pressure 

over the harbour area. Fig. 12, which shows the sequence, 

reveals that the Alfred Basin is never entirely free from 
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this slow rhymtic breathing, even in the most clement 

weather. l'he periodicity of it varies either between 4 

and 1 minutes, with an average of ot minutes, or between 

10 and 12 minutes, with an average of ll minutes, as may 

be seen from the chart. Sometimes the 11 min. periodicity 

seems to predominate almost to the complete exclusion of the 

5t min. one, but this, it will be observed, is generally in 

tine weathe~ when wind velocities are low. On the whole the 

ot min. periodicity is more prevalent, especially during 

storm periods when the magnitude of the oscillation grows 

above i ta normal amplitude of about 4 ins. The fact that 

the two periodicities are related, one being double of the 

other, has a special significance into which we shall en­

quire later. 

Re~erence to Fig. 12 will show that in general - but 

not always• deep breathing in the Alfred Basin (amplitudes 

above 10 ins.) is preceded by strong winds from the north­

west. High winds from the south-east, such aa occurred 

from August 18th to 21st, 1941, have no effect in increasing 

the oscillation. However, no hard and fast relation seems 

to exist between north-west winds ot gale velocity and the 

incidence of pronounced movement in the Alfred Basin, a 

closer relationship would appear to involve barometric 

pressure, for amplitudes show a tendency to inorease, with 

time lags, a£ter atmospheric pressure has dropped below 

about 30 inso 

The discoveries enumerated above provided important 

clues to the unravelling of the whole mystery of the Range 

phenomenon at Cape Town, for in pondering this question of . 

oscillations over-riding the main tidal wave in flood and - -
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recession, the author was minded to refer to Sir George 

ryarwin's masterpiece on ''1'he Tides' *, whioh as ~e shall see 

in the next chapter, discusses closely-related phenomena. 

In the hope that still closer rela~ionships might be 

uncovered between weather con~itions an4 Range, the author 

consulted Dr. Schumann, Chief Meteorologist, in Pretoria 

and was afforded the. opportunity of studying meteorological 

surveys of the country for the period May to September, 1941. 

After close scrutiny and comparison with the ·c,u:rves of Fig. 

12, it had to be admitted that no further light could be shed . 
~ . 

on the matter from that source. Dr. Schumann considered 

tha.t a knowledge or meteorological conditions over· the ocean 

to the west of Cape Town might yield some clues to the de­

velopment of Range, but information concerning this area was 

not available in wartime. Later, as will be described, the 

a.uthor approached the Naval Ueteorological Station, South 

Atlantic, and was able to follow up this avenue of investi­

gation to eome extent. 

Compilation of the meteorological-tidal relationships 

was continued as a routine measure throughout the time that 

the author was investigating the Range problem, and is now 

still being maintained as a check on general conditions. 

Fig. 13 is representative of the correlation chart for the 

first part of the winter of 1942, a few months after the 

research was under way. Additional refinements were intro­

duced in course of time, as may be judged from Figs. 14, 15 

and 16. Air temperature and tidal range were included, to­

gether with the amplitudes and periodicities of the predomi­

nant oscillations recorded by the Lea tide-gauge in the 

Duncan Basin. Fig. 14 shows also relevant data for Port 

• L. o. (ante p. 38), [28), pp. 2ld58. 
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~lizabeth superposed on the diagrams f or Tabl e Bay Harbour, 

to which refer ence will be made in due course@ 

22. Visual Observation of t he Rang e Phenomenon. 

It was very necessary t o a fu\ l understanding of the 

Range phenomenon that the author himself should witness what 

transpired by direct observation on the spot. He was, how­

ever resident in johannesburg, 1000 miles from the scene, 

and the ditf'icul ties of distance and of. anticipation were 

considerable. Throughout the major portion of the winter 

of 1942 the author was obliged to shoulder the many duties 

ot the Research ~gineer in the latter's 3-month absence as 

Acting Inspecting Engineer, and it was not possible to be 

p~eaent at C~pe Town ~or more than -just a few days at a tiJDe. 

The hest expedient that could be adopted in these circwn­

stances was a standing ar~nneement witn t he ~o~t r.~ptatn to 

phone o~ teleg~anb warning of the fall of the harometer be­

low the 30" level--a direct product of the analysis o~ the 

1941 tide and weather charts. 

Unhappily, in the stress of war, the author was not 

permitted to fly to the Cape by plane and had necessarily to 

travel by train. The inevitable result was that, with any 
given warning, he invariably arrived on t he scene too late 

to see more than just the sluggish aftermath or the 1ange 

occurrence. '!.'he incidence of kay 19th, 1942, (Pig. 13) 

passed in this way and the author was stil l on the return 

Journey by train to J ohannesburg when the next big bout or 

~ay 24th took place. 

The same thing happened on the occasion of June 19th 

(Figs. 11 and 13) when Range was very severe . According to 
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accounts given by Cmpt@ qhort, Port ~aptain, and ~roRead, 

issistmnt Engineer, th~ Ufred Basin 'cut 9 or entrance was 

'1 verita.hle mill=rnee, with water rushing to-and-:fT'o ewery 

2 to :5 t1.inute~ lltt VHloei ti~~ 1:1p::>rt:Htch.in.g 10 to l:; knots. 

As Fi~ .. 11 sh,,we9 just aft@-r 10.,00 hour-139 the water level 

in the Alfred Basin fell o'-2" in a.bout 2t mi:rm.t~s, and in 

the next few minu tern, rose again to within a few incheS1 of 

the previoua level., 

',\bile thi&1J was happening there was correeponding move .. 

ment through the entrance of the Victoria Basin, so violent, 

that it tore from its mooring-buoy one end of the floating 

anti-submarine boom and carried the whole net bodily into 

the harbour. From then on the boom whipped in and out of 

thA entrance with each surge of water. held only by the 

mooring at the Elbow. ar. Jones, vrau~htsman at the 

Harbour Engineer 0 s Offi<H!e who superintended retrievin5 

operationso recounts that the struggle to harness the free 

end of the boom col'l,tinued all day and was not final.Ly suc­

cessful until the fol!owing morning. As may be supposed 

the operation was dangerous because vessels or any size 

wer@ virtually powerless in the strong surges. Jones 

stated that the head of water, built up alternately out­

side and inside the entrance above the level on the other 

side, was clearly noticeable and of appreciable magnitude. 

The effect of this occurrence of Range upon shipping .in 

the harbour has already been recordea. in ~ection 6 (p. 25) 

and need not be detailed again. 

At this stage the author decided to wait in Cape 

To,mi to~ the next advent of Range, which came in moderate 
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form on July 4th, 1942. Thia time the Lege tide-gauge in 

the Alfred ,»aain showed an overall rise-and-fall of 3 feet 

at the maximum with a period apDroximating 6 minutea. The 

flood of water through the 'out' was very pronounced with a 

maximum velocity of about 4 knots, reversing regularly about 

every 3 minutes.. ln the entrance of the Victoria Jlaain, as 

also that of the .»un~an ]Jasin, the flood and. ebb of water 

was plainly discerni'ble · al though velocities there could not 

have exceeded about l knot. ln both these entrances the 

period o-r this / recur:ring action was timed to be about 6 

minutes. The harbour at this time was virtualiy empty ot 

ships and no trouble was encountered. Apart from the water 

movement in the basin entrances there were no other visible 

effects of the flange alongside the quays other than the 

normal turbulence of choppy sea. 

23. The Problem of ~~asuring Range-~otion. 

3ven before the author had had the op1>ortuni ty or 

seeing for himself the nature of the problem he had to con­

tend with, he was raced with the urgent task of devising 

ways and means of measuring ita effects in time for the 

winter or 1942. This problem had descended earlier, in 

1941, upon the Harhour Engineer, as we have mentioned in 

tiection 18 (p. ti6), the Chief Civil Rngineer having re­

quested that officer~a 

"· ••• to tn.ce th~ dlreotion nd e;eneral influence of the disturb­
ance outside the harbour togethsr with its ,pnroxim~te period." 

The instructions went on to aaya 

• • Letter of July 4p 1941, Official Papers W.904/180 or the Chief 
Civil En~ineer, S.A.R. & H01 Johanneebur~. 



'10. 

"Th• meteorolo~ioal condition, prior to ~ny such Run ehoult1 be c~ret\tlly examined to see if it is pos~ible to prediot the dis­turbances with any oortainty. 
11 Meaauremeut of' the Ran~e must be made inside thi, new b1uin and in the old in order that its comp~r•tiv,, ext,,nt may be known, and its velocity of propagation in the enclosed are•e. 
" A.a it is impouible to obt1dn so 11tlllly a,1tom11.tic reoordera aa will be reau1red, e1mple enclosed ap-oaratue ahoult1 btll erectt!trl at seleeted points in the old and new basin which can be vieually observed. 11hen a &ta ta~ea pl11.Qe nbee!'Vf')ra oould ~"' et,tioned. at t heae points and take the movement ,t synchroni zed times." · 

Some two months later the }(arbour Engineer replied:, pointing 
out that it had not been possible to procure the services of 
a tug for tracing the disturbance outside the harbour, owing 
to the demands of shipping. ..A. record of days on which Range 

had been prevalent was sent to the .Meteorological Office at 

the Wingfield .Aerodrome, l\taitlnnd (near Cape Town), but the 

report came backa 
"· ••• we have s:zamiaed our weath9r chart, •••• the results have been negative." 

'l'he lfarbour Engineer was fully alive to the difficulties of 
measuring the flange along the lines requested by the Chief 
CiTil Engineer and concluded his letter: 

"The propa~ation of the Range in the baains is moat irre~ul a r . being defleoted from quayw&ll to ou~ywall and in conaeau~noe wi ll b~ 
difficult to measure ••• • " 

'l'here the matter seems to haTe ended, tor the wi·nter of 1941 
paased away, and later correepondenoe from the General 1'ana­
ger impelled the Chief Civil Engineer to place the problem 

before the Research Engineer. 

The task of how to ob.tain sufficient measurements of 
water movements within the basins ot the harbpur to show the 
simul taneoua condi tiona prevailing oTer the areas, was indeed. 

a dit~ cult one. Two methods presented themselves: either 

a teaIU of obaervera, equipped with eynchronieed_watchea, as 
• 

• Letter of' August ie, 1941, Harbour En.~iue-.r's Paperft · ~.~05)4~\ 
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originally suggested by the Chief Civil imgineer, would 

haYe to be employed, or automatic apparatus installed at 

selected points. The aecond method demanded precision in­

struments or which there was noDe in the country. All the 

known overseas ty~ea of automatic water-level recorders or 

tide-gauges were cos1ny and of heavy design, dellianding e­

laborate housings: in 1942, moreover, during the war they 

were not in production and would probably have been unob­

tainable in quantityo if at all. As against this was the 

fact, evinced from the etudv o~ the 1941 tide and weather 

charts (Fig. 12), that the Hange phenomenon was aesnaiated 

with long-period movWllenta of water, which human observers 

would be quite incapable of recording, since they would be 

almost wholly obscured by high-trequency wavelets, to which 

onl~ the Alfred ~aain was reasonably immwlee 

Obviously the problel!J could only be resolved by de­

eigning and manufacturing self-recording tide-gauges, pro-

1;>erlY dallll)ed to be 111senei tive to rapid changes of water 

levele The difficulties seemed overwhelming. Such few 

instrument-making firms as were then available in South 

Africa had no exoerience of tide-gauge apparatus: th~y 

•~re, in any case, geared to all-out war production. The 

detailed designing of a suitable instrument, ab in1t1o, 

and the precision manufaot~ring of a number thereof, would 

have required months, eve11 supposing the inexperienced de­

signer could have evolYed a perfect mech,micRl inat.l"Wll~nt 

.,..,.,.,m the start. In all theslJ oircumstanc~a d~lays in rt,ach­

ing c,,nditions of satisfactory operation could have retarded 

~l'Ogreas bevond reckonina, at a time when the beginning of 
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a.at"• ln thio quandav•y th@ a.utho,.. launched upon 11J. br,ld yet 

simple ide~a why not qtt~mpt the c~nat?uction ~fa preo1aion 

instl"\llnent f?~m ~tanda~d ~eoca.no pa•t~? 

24. The Deeign or a P6rta.ble Seich.ometei:*. 

An experimental model was rapidly devised from private 

resources, the de"tgn taking root from pencil sketches (Figs. 

17), and a satisfactor ily sturdy, light•weight machine was 

evolved within only a few days. Powered with a synchronous, 

electric clock-motor, this machine euccessful.J.y complied 

with all requirements in ai~ple home-experiments. 

Although the feasibility of this improvisation was 

early established in 1942, serious difficulties arose over 
the availability of materials, since South Af'rica was en­

tirely dependent on pre•war stocks of all but essential war 

commodities. It was hoped that suffioient component parts 

could be secured for the construction of a dozen seicho­

meters, but after enquiries in all the big centres of the 

Union it was found that there were barely sufficient for 

half that number of machines: nor was there any hope that 

they might be supplemented from imports, since the manu- . 

facturers had apparently ceased production. lt was accord­

ingly decided to construct only six machines. The Keocano 

agency in South Africa generously made available all its 

stocks of required parts, but in certain items the deficit 

had to be made good with substitutes manufactured in Rail­

way workshops. While the search for materials was on it 

• The significance of this t~!"II will b~oome app&rent in the next 
chapter; th• instl"Ullteat has been ao called for con.,...nience, be­
cause designed to measure 'seiohes' or sea oscill~tio•s. 
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looked as if the scheme might .founder for want of synohro­

nous motors, but the t~ e eventually were found. 

The six machines were fabricated by Research staff 

within a month. Although only seven instruments were thus 

available {the author •s model being included), their port-

. ability and intarchangeability largely overcame ·the disad­

vantage of deficiency in numbers; features which were ex­

ploited to the full by designing some dozen-and-a-half ped­

estals and weather-tight housings for permanent attachment 

to the copings of the quay walls or jetties at the harbour 

(Fig. 18a) .. These fixtures were welded from sheet metal 

and scrap boiler tubes and were manufactured at the Rail 

Welding Depot at Elandafon t ein. 

As float chambers to contain the conical float and 

counterweight system shown in Fig. 17 ·_ , steel pipes of 

9-inch internal diameter and 5/8-inch thickness, varying 

in length from 30 to 50 feet were ordered from Messrs. Hume 

Steel (Pty) Ltd. of Germiston. Shorter 5 ft. lengths of 

8 7/8-inoh external diameter steel pipe, equipped with col-

lars 6 ins. from one end so as to rest in the tops of the 

9-inch pipes, were also procured. In the final assembly 

shown in Fig. 18a, these short lengths of pipe were intended 

as removable sections to facilitate dismantling at a later · 

stage, and as wind-breakers to protect the float and counter­

weight cords. 

Conical floats were designed to operate within the .9-

inch pipes (Fig. 18b) and were shaped so that only a it-inch 

length would make contact with the inside of the pipes, when 

not otherwise riding free. The floats, together with block­

lead weights were fabricated in Railway workshops, 12-gauge 
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copper sheet being used for the floats in lieu of 14-gauge, 

which was unprocurable. 

To provide the requisite damping of float movements, 

baffle-plates were attached to the under-water ends of the 

pipes. These plates carried a calculated number of perfora­

tions with the designed object of restricting float response 

to 2~ of the external wave height for waves of 10 seconds 

periodicity, graduating to 100~ for wave periods of 6 minutes 

and over. For pipes to be located inside the harbour basins 

12 holes of 3/8-inch diameter were adopted; for pipes out­

side the harbour the number of holes was reduced to 8. A 

number of small holes was adopted in preference to a single 

large hole to discourage entry into the pipes of weed, 

barnacles, orustacea and other forms of sea life which 

might interfere with the float operation. The pipes were 

heavily coate(1 with red lead primer and black bitumastio 

surface paints as preservatives. 

25. Installation and Performance of the Sei,chometers. 

The whole assembly of items - instruments, pipes, 

housings, floats, weights, sash-cords and electric fittings m 

was ready for installation towards the end of August, 1942, 

and full arrangements had been made with the Harbour Engi­

neer for the erection of the material at the numbered loca­

tions shown in Fig. 4. After the strenuous efforts that 

had been made there was still good prospect that some of the 

seichometers would be in service before the end of the win­

ter, but ' at this stage one of those extraordinary mishaps 

occurred for which it seems no allowance can ever be made. 

The pipes were duly delivered to Table Bay Harbour and 
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off-loaded in an odd oorner without any advice notes being 

deliTered to the Harbour Engineer, ·who, quite unaware. oon­

t~d ·to await their arrival. Having .checked the despatch 

of the material from Johannesburg, the author meanwhile as­

awned that its arriTal and erection would be automat'io. 

This incredible situation was only discovered on September 

22nd when the author expected to find the bulk of the work 

accomplished, and by then it was too late to complete things 

in readiness for the last visitation of severe Range action 

on October 8th and 9th. of that year. 

This failure was naturally very disappointing at the 

time, but the consoling aspect, of course, was that in no 

other circumstances could me·asured data, additional to that 

of the two fixed tide-gauges, have been secured .at all. 

What 1a more, it is almost certain that even had imported 

instruments become available under high priority, so dire 
• 

was the strait of war at that time, there would have been 

little chance of their being in operation even in the fol­

lowing winter of 1943. Their cost, too, in quantity would 

have been fabulous in comparison with the eeichometers d~­

veloped, the actual coat of which was only ~17 per instru-

ment and ~110 per float chamber and housing installed. 

Jigs. 19(a) and (b) are typical of the· installations 

as ~inally made and show the aeiohometers in position. 

Photograph (a) is of station 11, (Fig. 4) • and (b) ia of 

station A at the centre of A berth, Duncan Jlasin, where the 

pedestal had to be cut away to avoid the fouling of running 

lines. Along the outside of the ~asternllole the pipes were 

sunk through the interstices of the random block-work and 

were secured to the parapet wall. The station points (Fig.4) 



at which the housings were erected in the summer of 1942/43 

were the best' positions that could be selected in the face 

of the ?ort Captain's objections to anything fouling the 

qua.yea station 12 between berths Band O was only permitted 

by the Port Captain by way of trial. The pipe and housing 

at station 12 were finally w-reoked by floating fenders and 

mooring ropes, and when later in 1946 at the request of the 

Chief Civil Engin~er, installations were completed at A, C 

and E berths (Fig. 4), the pipes had to be recessed into the 

quay walling and the housings anchored down with substantial 

foundation bolts by we.y of protection, as shown in Fig.19(b). 

The final test of the eeiohometers lay, of course, in 

their performance. Many refinements were introduced to the 

machines at diff~rent stages as will be evident from close 

etudy of Figao 16 and 19. On the whole the instruments per­

formed their functions well although a fair amount of trouble 

was experienced with the blocking of the baffle plates. 

Usually these had to be cleaned at the beginning of each 

winter season, a process which generally involved complete 

dismantling of the pedestals and pipes. 

Owing to the transient and short-lived character of 

Range action it was the practice to install eeichometera at 

selected observing stations only as ocoasion demanded, and 

to withdraw them from the housings immediately thereafter. 

Single sheets of paper attached to the drums ot individual 

maohines were well-suited to this discontinuous aerrioe and 

suftioed for securing records over periods of from 2 to 48 

hours according to the gear ratios used. Chart paper was 

chemically sensitised with a deposit of zinc oxide and gave 

black traces under the impression of bronze stylus points. 



A typical record ,,-Ju.ri:ng an incidence of Range ia reproduced 

in ~ig. 20 which ahows the rise a..1d fall of the sea outside 

the harbour near the root of the Ea.stern Mole, after high­

frequency waves had been damped out of the picture. Further 

examples of seiohogreme will ba consi dered in a later chapter, 

26. The Measurement cf Currents in the Harbour. 

Before very mt;;,ch was known of the Range phenomenon 1 t 

was coneidered neceeEiary to determine current Teloci ties at 

different depths of uater in the ent:rances of the basins. 

An Ott suspended-rod type current-meter was procured for 

this purpose from the Irrigation Pepartment in 1942 and was 

equipped with an automatic electrical recording system in 

Railway laboratories, After · calibration of the instrument 

in the the hydraulic flume of the Witwatersrand University 

it was ahipped down to Cape Town to await attachment to a 

sui taole :floating pla·tform. Actually it was never used 

owing to the considerable difficulties of securing occupa­

tion of any basin entrs.nc~ for a sufficient length of time 

to obtain representative measurements. Shipping activity 

at Cape Town in 1943 and 1944 was intense and the project 

was abandoned after further experience had indicated that 

current velocity dat.a were anyway not essential to the 

research. 

However, conEideration was given at a later stage, 

in .Tuly, 1945, to the use of electrical pressure recorders 

a.nd current meters fo r measuring the surges affecting ships 

at the quays and wave motion in the channel approaches to 

Table Bay. A successful type of instrument for this pur-
then 

pose was developed by Dr. Guelke;/Acting Head of the 
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Blectrical Engineering ~ ep&rtment, University of Cape Town, 

in collaboration with Commanders Goodlet and James of the 

Admiralty, and was in use on Robben Island during the war 

for the degaussing range established in the vicinity. It 

is unfortunate that the proposals to use this equipment, 

which became spare at the end of the war, were never imple­

mented, but the ooourrence of the 'Aquitania' incident fore­

stalle4 them by compelling an all-out effort on model testing y 

27 . Aerial Photography of Wave Propagation in Table Bay. 

Since Range, by all accounts, was intimately bound up 

with the penetration of swells into Table BS¥ it was hel d to 

be very desirable, as a.n aid to the projected model study, 

that something should be known of wave propagation in the 

bay. In 1942, therefore, negotiations were opened with the 

l)epartment of Defeno.e in Pretoria for enlisting its assist­

ance in the aerial photography of Table Bay during an occur­

rence of Range action. Co-operation was forthcoming in gen-
. 

erous measure and final working arrangement& were completed 

with the Air Force Authorities at Cape Town when the author 

was transferred there in 1943& 

Rather exacting conditions had to be met for success­

ful photography: existence of a strong swell running into 

the bay was fundamental; prevalence of Range was desirable; 

absence of cloud near the sun was essential; and slanting 

sun•a rays were necessary to aet off the rol lers in relief 

by their shadows. The first suitable occasion only came on 

September 15th, 1943, when the work was duly accomplished 

between the hours of 15 .30 and 18.30. Photographs were taken 

at regular intervals from a height of 10,000 feet by a plane 
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flying .l:n a sequenr~e of aerial la.nee on a no r t L~west course 

from. the mainland. 

T.11e numbered photogr&ph~ were lapped i nto strips cor­

. T'P.~nrnidi ·· ii:r to th~ a ir-1_:me elon~ which the plane had flown. Soll~--d1f:.:, . . -
/ ficul ty -;.n.a found in ov erlappi"'ig correctly :photographs which. 

showed otlly areas of se~, but fortunately di s colorations, 

foam-str·~aka and a. feu 11Jattered shi ps a l lowed of an exact 

l i nking dp. 1~e s trip~ were then connec t ed t ~anaversely 

into fr.,ut" blocks es.ch c ontaining port ions of lu.nd11 and thes e: 

were f'inally compo, .. mded i n to a single :nosai o 'b;i~ ad.opting a 

syatelil of tria.ngulation11 using t he known dis t&1ees from 

r e tlogniza.010 features on Robbei'l Is l and and the mainlando 

The noal 3 of the aerial pho t ographs wa~ es t abl i shed as 1 

inch to 19~0 feet and found to be very constan ~ for .aach 

bLock of photographs, eo that on this basis th~y could be 

correctl y oriented and conn~cted.~ War-time raet:rictione 

added to the difficulties of thi s wo r k, for the Naval Censo r 

i n s isted t ha t al l pho t ographs i n cor po r a ting the har bour area 

should be r etained i n his office. The author was oblig ed 

to compound the block of ph otogr aph s re tained by the censor 

at t he Naval In telligence Of fi ces and pr epare a t racing of 

the out lin e of t he ha:rt,ou r a.nd the wave direc t i ons for that 

b l o c k , i n order to oomr·l e te the general mosa ic . 

By superimpos ing upon t he mosaic the co-ordinate net­

work adop ted for t he des ign of the model, as will be explajnea 

l a ter, t h e wave shadows could be drawn in on a similarly co­

ordinated chart, y! aldi ng the resul t s ahown in Fig . 21. 

The periodi ci t y of the swel l was measured by stop­

watch at several points along the coas t line and was f ound 
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to be almost exactly, and very uniformly, lo seconds. Very 

little of the ewell was observed to curve round the break­

water owing to its sou.th-west orig:J.n and the see. along the 

outside of the Eaetera Mole was relatively quie~~ Despite 

this, Range action in a mild form was prevalent· ln the har­

bour and Run at veloc -t t.iee of about l knot was 0::0se!"'f'ed in 

the basin entrances. 

28. Measurement of Shin Movements. 

The early studies described in Section 21 ~howed that 

surges of from 4 to r6 minutes period:tcity were usually :pre­

sent in the harbour ~·basins during Range action, and it was 
,: 

at first assumed th~t these must be responsible for ship 

vacillation. Observation ~ however, Ehowed that ships were 

obviously influenced by more rapi4 perturbations than these 

and it became 8. matter' or· impo1·tano·e· t ·o . hmla·t&" ·the .. critical 
i, 

disturbing fa.cton;. Range was notort ous for being er~.atic 

in its action as Capt. Short's statement, quoted in Section 

18 (p.57'), bears out1 and it became apparent eventually that 

the extent to which ctifficul ties were experienced was de­

pendent ·upon a combination of circumstances, particularly 

as regatds the position of a ship» her size and displacement, 

her manner of mooring and the Range conditions prevailing. 

Results were often artomaloue in that quite severe occurrences 

of Range produced little or no effect, and Tice versa. 

The first observations to correlate ship movement wi·tll 

Range action were made on July 12th, 1943, by noting rela­

tive degrees of tension in the stern mooring ropes of the 

•»ominion l!onarch' ( 34,000 tons displacement) at B berth, 

Duncan Dock, while a seichometer at station llo. 12 alongside 
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:recordeo. the riae-!llld-fa.11 of \later ber,;waen H and C berthe. 

The resul ta o:t' th:.s a.r1: ahoi:Vi, in Fig. 22, the analyaie of 

w~ich Wt: uhal:. reoerv~ fox another chap '.; e:ra it may, however, 

be noted. in the h'!te:rin that the ship \Yaa obviously respond~ 

ing to uu.rgaa at in ter··rnl.a approximati:..1g lf x;iinu tee, Ell'ld the.<; 

s. oorrenponding pwriod l.~i ty is appa1·ent in the trace of water 

le"v sle. 

~1'ige 23., which i.lhowe similar cbserva'tioras made a.lmo1:i·:; 

t:;, year 2.ter on J\1ly 1 J th, 1944, on a 'bloak=laying ahip of 

nbout 1011000 tons displacement moored n,sar aeiohometer ata.i:l.:n1 

No~ 18 al ong the Eaate~~ Mole {Figs 4), reveals that this 

vessel was clearly being intluenced mo s t by some periodicity 

of the order of 20 to 25 seconds, which, because of' damping, 

is no t evident i n the s ei ch~gram trace. However , the occa­

sional hesi ta.tion in the mo~ ement of the ship can be se eza to 

corresponcl with the main water- level peaks which occur at 

l)eriodtJ approxima. ting 3 . 8 minu tea. F1.g a. 22 and 23 thus 

exempli 'fy the dif'fere1wea in response to Range Action to 

;vhich ohipa are ~ubj e1}·L 

Re:r :i.nement;s in measuring techn :que were adopted in 

later observations of ship movemsnts. Thus in August , 194~, 

the Port Captain was requested to connect the main moo r in; 

lines of the next lar1~e ship to be docked at A berth on to 

the ' Mo:naroh·' springs so that spring ext ensions under pull 

f rom t he moorings could be cor related wi th water movements. 

As thi s coul d only be done at A berth, it became g eneral 

pr actice thereaft er t o make simul taneous r ecordings of 

actual l ongitudinal and lateral sh ip displacements in r el a­

t i on to any particular quay. Two t apes were employed for 

this work , one being laid out along the edge of the quay, 
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";h e other b e :t.ng s tretched between a. tie-po int on the ship 

wa;r s at r ight angl~if:il to t h e f).rDt, by Jt1oving alour. t h e quay 

wb:h the ~hip , it. i:Jas poe:=d.ble to reac. cut t h e l imi ts of 

t::i'lile F.C.'."'i t ;,;ecJly trabj cc t to en.1·01:.•, ga' e t :,oci r,?sul tE and 

.;:,iup~nto<J ·.1:l. l:.h i;l-.t :_actHiHJi ty for any nt=i,l:h .. -&t,ed self-
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m:g OSC ILLATIONS OF Tif.S S~A. 

"What are these oscil lations (of these~) with pariod3 of s. 
10~ 20 or 100 minutes, which are sometimes irr-3gtt1A.r? Are. thay 
analogouo to our (lake) seich~s? • • • • provis:i.onally, I · shall eall 
them by the name of 9 vibrations of the sea'~ 1 ventura to inv1t~ 
men of scie~ce who live on these~ coast to follo-uv thi s study. It 
prssents a fine subject for research, either in the interpr®t ation of the phenomenon or in the establishment of' the 1·eh.tions between 
t he se movl',ments and meteorological condi ti ors.''. 

- Dr. Forel, 
Seiches et \ ibrations des Lacs 
et de la Ile; , (1879) . 

29 . Bibliographical Research into Range. 

It was natural to suppose when .this inv·estigation be= 

gan that the Range l)henomenon at Cape Town was not unique and: 

.that it was probably common to a great many other ports of 

the world: it was therefore a basic aim of the research to 

find out what was knowri about Range in the literature of 

science and engineering . The persistence of the 5t and 11 

mi nute surges~ ·discovered in the Alfred Basin as already 

narrated, coupled with the author's recollec·tio::i of certa in 

puzzling irregul arities i n the tidal charts of' Port Elizabeth ;_ 

seen.long before in 1932 , led h i m to enquire first whether 

there was any tidal origin for t hese paraai ti c oscillations 

of the sea. The first source of information was Darwin's 

work on 'The Tides ' in which is unfolded the beautiful story 

of t>r . Fo:rel's pioneering studies on the Swiss lakes which 

disseminated world- wide i nvestigations of kindred lake arAd 

coastal phenomena. For a fu l l understanding of the Range 

problem it will be necessary to. recount soin,e of this story, 

and a _great dea.i more of the .find.ings ~rom various avenues 

of enquiry t.o which it was the introduc.tion. 
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30 . The Phenomenon of Lake Seiohes . 

It has been known for centuri es that the water of Lake 

Geneva at its crescent-shaped t ermi nala rises and falls on 

occas ion, s ometimes t hrough a range of 5 or 6 feet at the 

long, funnel-shaped end of Geneva. That this variation was 

rhymthic in character first s eems t o have been recorded by 

de Duillier, a Swiss engineer, i n 1730, who mentions that in 
. 

his time the movements wer e known a s 'aeiches'. These oscilla-

tions were not merely confined to Lake Leman (Geneva) but were 

oommon to all lakes, as was pointed out by Vaucner in a memoir 

of 1803, in which he remarked that t h~ i r occurrence seemed to 

be related to the condition of the a tmosphere . These fac·ts 

are recorded by Dr . Forel 7)1, the firs t person to conduct any 

scientif,io study of the phenomena, f or which he has been cal led 

the 'Faraday of Seiches• f . 

Forel commenced his pat·ient obaervations in 1869 at 

the harbour of 1Iorgea on the Lake of Geneva, using first of 

all a simple por·table instrumen t called a plemyrameter, which 

enabled him to detect the rise-and-fall of the pulse~like 

movement of water •. Later he developad a self-registering 

limnograph with which more fao.tual data were recorded. By 

1875 he was ready to show that the waters of Lake Leman rocked 

from end to end in a gigantic mass ... movement, of which he ex­

claims e~statica.lly§ a 

" ... o I f eel bound to reeognise in ttie phenom.eiloll ot seiohes the 
grandest oseillato:r-y ~ovement which maa can etudy on th~ race of 
our globe .'' · · · 

* 'Le T- . ~man.-Monognl:ph1e Linmologique': {I.ausanne), 1896.(40]. 
~ By Prof~ C~tal: 'On the Hydrodynemioal Theory ot Seiohe1'; Tra~s

0 RoyoSo~oEdh~o.Vol.41,1904-5,Part III,[41] p
0
599~ · . . . · : 

§ 'Le(· s Se1ches, Vagties d'oacillation', p.11; (ot Darwi1l• le ante p ·38 . 28].p 0 28.) · · -• ·· · 1 
«> • 0 9 



When it is appreciated that the lake of Geneva is ·some 45 miles 

long by o miles wide near ita centre, the s.:~nifi .;auce of a 

movement in which every particl,s of watel' osaillatee in per­

fect synchronism with every other may perhapo be realised. 

For l reoognised further that the seiche phenomenon in its 

most elementary form was due, in effect, to two waves, each 

of a length between area t s of twice the length of the l.a.ke . 

travelling simulta.n~ou~ly in opposite directions to each other. 

The :resultant of two such waves is a 'atar.dingt wave with the 

peculiarity that it ren1ains fixed in position while still per~ 

forming the up- a..~d-down moTements charaateriatic of a wave . 

Thia standing wave in -r;he case of ... he fnndaE -nta.L oscill ation 

in 1. l al:e, amounts to an up-and- down m,>vem~~t of atf:r at ea.ch 

end of the le.ke su~h that while th~ water abbB &tone end it 

floods at the other.. Approximately half'-wa,.,. l etwees1 these ex­

tremes the lake-level remains unaltered throughout the full 

cycle of events while the ends eee-sa up ~~d .down. The line 

acr oss the width of the lake at which v rti~al .· ovements of 

water are nil is called a node, and the s~iche itself is~ 

nodal through ha"ling but one node in the leng b. of the l ake . 

· Forel soon discovered that there wero bi-nodal, tri ­

nodal and other multi-nodal eeiches existent usually at ·the 

same time .. These latter seichea are higher hermonios of the 

fundamental aeiahe and are characterized by the fact that 

their periods are v~~y alosely integral submultiples of the 

period of the fundamental uni-nodal seiche. In addition to 

this Forel was able to identify the co-existence o:f systems 

of longitudfnal and t r ansverse seiches .. 

Forel'e discoveries were taken up by numerous follow­

ers all over the world, such names as Plantrunour, Saraain, 



von Cholnoky, 1)elebeoque, du Boy s , Laur iol , Gautier and Endroe 

in Europe, Perkins, Denison , 5ell, t»awaon and Wh a eler in Amer­

ica., and Airy in !ritain being connected with t h e subject in 

the la.st quarter of the century. Intensive studies were pur­

sued in the first decade of the present c~ntury, but Chrystal 

and his associates Murfy, White, Watson and WBdderburn in Bri­

ta.in probably accomplished more than any others tcn,ai;'ds investi­

gating the dynamical theo r y underlying the ph enonem.on and ex­

plaining its causation. 

31. The Causes of Seiches in Lakes. 

Forel himself was disposed to attril,u ;.,e t he develo.pment 
' 

·of seiohes to various causes such as that of a steady wind 

heaping the water towards one end of a lake aJlL suddenly 

ceasing~ of variations of ba r ometric pressure overl ying a la.ke j 

of possible disturbances "to a l ake bed from ::,e.rth ~tremor 

sources, but, most frequently and likGly, '>f sudden s t orms or 

squalls traversing a lake. 

As more evidence was amassed i t became evident that 

small fluctuations of barometric pressure were much more 

important than would have been t hought poss i ble~ Professor 
' 

Chrystal in fact established that not only were minute Taria-

tions of atmospheric pressure existent at the s ame time as 

seiohes, but that mathematically they could be held to account 
.... 

for the phenomena observed. In his own words ' x 

"Forel and his rollowars du Boys~ von Cholnoky ~nd others have dis­
cussed the oauseB of seiches; and r6cently Endr8s

9 
i~ his important 

memoir oa the ChiemsseD has confirmed the oonelueions of his prede­
cessors9 a•d added some rresh details of great interest. In what fol­
lows we shall not advance anything of great uovelty2 but there· are two 
points of interest which may be worthy or the reader's notice. In the 
first place th uae of the Dines-Shaw mlcrobarogr~ph enabled us to fol­
low contiUliously the minute variations of the ~tmoBpheric pressure with 
an ease a.nd certainty hitherto ~nattainabl~. Also in ~ appendix to 
this memoir the mathematical .theory of the ef'f'eot of pressure disturba:a.crms 

f" Chrystal a' Investigation of the Seiches of Loch Ea.r.u'; Trans 
0
1.ioy .. Soc 

0 

Ed1nbopVol 0 46~Part 1II.l908-9p[42] 9 pp.455-5l7. 

* A. olear oase· of' this kind we.s recorded on Cono•dn~o Pond on the ~usoue= 
hanna River in Maryland; UoSpAo, by R.E .. Turner; of 0 'Operation of the 

. Conowingo Hydroeleotrlo Plant' II Proo. ASCEop Nc,vo. 1941. r12a]p 'Po 13730 
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of' various kinds on at'l i de-.l lake , .01' f'orm not ~ry remotfl from EJJ.m, 
has been wo.rlr0d out so as to show -the;t the usually· a.sd~d c1.use of 
@eioh~s, viz• 11 the minor l OCa.l f l uctuations or baromi,trio pl""!SSUJ"~ 1t ~8 

in reality auffioient to ea.use the diatur'bances observed a.nd i-s not a · / 
negligible quantity on ordinary lalt&s such as thfl1 tidal aoti.on of th~ 
·moon can be shown to be. ' ' 

Further on he -says: 

1i Obse rvers are novr a·greed th t the development or seiches usually 
aeoompani@a local distul'.b&tnces of . the barometric pr,HHiura, whose rlura­
tion if they are transitory, or p4'riod if' they are po,riodic , does not 
differ ~reatly f,rom the period of th® seiche iu quutiou. · Our ob:aflJr,rn.­
tions on Jsa.rn bear out this oo~clusion. 0 

Professor Chrystal in the course of this paper gives many ex­

amples of limnograms and microbarograms in testimony of this, 

Qf which Fig. 24 ie a typical reproduction. 

In a critical discussion of all the factors likely to 

give rise to aeiches, Chrystal remarks that they may be sudden 

or gradual. Sudden generation could be the result of 

( 1) 

(2) 

( 3) 

I:~ 
(6) 

rapid release or pressure f'ollowing upon progression of 
an isobaric system; 
sudden release of pent-up water at one end of the lake 
through lapse of the wind; 
heavy rain, snow or hail over portion of the lake1 .. 
rapid change of air pressure through passage of a squall; 
flood discharge from ' rivers at one end of the lake; 
impacts of wind gusts on the l ake surface: 

whereas gradual generation could be occasioned by 

(7) passage of small barometric tluctuations synchronising 
approximately with seiche periods; . 

{8) variations -in wind velocity and pressure synchronising 
closely with ·seiohe periods. 

On theoretioal grounds Chrystal disposes of f'actor (l) aa being 

unable to explain ordinary seiches. Factor (2) he accepts if 

the thesis can be established that water is piled up by the 

wind: variation of pressure and rain usually accompany wind 

and it may be hard to discriminate on this point. Factors ( 3) • 

( 4) and ( 5} are all accepted as causes which can be adduced 

from ·obaerved results. Item .(6)·he finds hard to prove or dis­

prove, but in its related :form (8) it could certainly be a 

cause. Factor (7), however, he . is able to illustrate as being 



a frequent eJ'ld obvious stimulant i:n t.he prodn.ction of eejohes, 

and. Fig*' 24, providee a ease in .Po int., 

As Chryeta.1 1 s wo.rk is in large measur~ a. F,wm.:iing up of' 

. a.11 the evid.enoe exte..nt ::,ot the t.ime,. including 11.ia own eJCtena.­

ive ohaer'1ations e.nd measurements, we ma.y I"t%'.?1>na.l)ly accept his 

concluaim-10, elready quoted. (p . 8§1:L)" as be:i.:ng th<~ ,orreat ex.--

. plana.tion o,(.' the seiche phenomenon in tho gren.t. maj <>ri ty of 

cases. 

Professor Chrystal, however, uakes no metlt,:,.,on in ttiia 
discussion of causative factors, of the possibility of seismj,c 

ori~ina for seiohea, al though in an earlier pe.per-¥ he ci tea the 

fact that on the occasion of the great; eart!iqaake at Lisbo~J on 
November let, 1755, remarkable seiches deireloped in Loch Lomond, 

Looh Lung, Loe~ Keatrfn and Loch Ness, v,ooordi:ng . to d,escri.ption .. a 

in the Soot' a Magazine of that year. The author has discovered 

further fascinating accounts of similar repercussions in :\x.tgla.nd 
-'-and :Wrope recorded in the Gentleman's 1iiCagazi:ne for 1755 1 , hich 

have a bearing on this question . 

Al though it is diffioul t at this tiree .to know where the 

epicentre of that earthquake was, we must pr .. aume that it was 

within the viei:ni ty of Lisbon, probably n ~ar St,. Ubes ( setubal), 

for the oapte.in of a Du toh vessel saw the mountain about 6 or 7 

leagues from St . Ubea rend and fall into the ':3ea at 9 .. 45 a. .. m. 

The great catastrophe at Lisbon is variouoly r~ported as having· 

occurred at about 9 . 30, 9 . 57 and 9 . 50 a .. m., but at Cadiz, 200 

miles distant, the ahoek.was·telt at about 9.56, a.nd at Oporto, 

190 miles away, at about 9 . 40 a .m. . The earthqua.k~ was felt in 

Madrid at 10. 20 (315 miles distant). and at Gibraltar at 10.10 

a.m . ( 265 miles _away) . At Cork, in lreland, shocks were tel t 

at 9 . 30 a .m., and reports indicate that the earthquake was 

~ L.c. (ante p 0 84) . [4l] 9 p 0 599 0 

T L.co (ante p.,32).;f23] 9 pp ~54l . 554- 564., 587-.594. 
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felt in Mil an and Scandanavia. According to Professor Chrystal 

the .Scot's Magazine records that the seiches in the Scotti.ah 
.1r: 

lakes developed between 9. 30 and 10 .. 15 a. .m6 ar1d at Looh Lomond 

_a rumbling sound was heard which suggests that the highlands 

rece'ived a. full tremor. If we allow for the confusion pre­

vailing at the time and the fa.ct that shooks are reported to 

have·lasted from 10 to 15 minutes at first, although they were 

repeated later in the day, we may consider the earthquake to 

have occurred at about 9 .45 a .m. 

Since earthquake waves travel with incredible speed, 
~ at an average perhaps of 20,000 mph in the c:ustal regions 

of the earth, it would have ta.ken only a ·f'tw •. inutes for the 

disturbance to make itself felt 1~ the Scottish highlands and 

it is a reasonable deduction therefore that the loch aeiches 

were genuinely caused by the vibration of the lake-beds. 

But in the lou-la,nds of England and Et·rope ae iches also 

developed in large ponds, canals and encl.osed waters without 

any vibration of the earth.being peroeptible11 and as their 

times of occurrence were much later tpan would be in keeping 

wi th ehock-transmiaeion through the earth , we are led to en­

quire whether their.origin can be ascribed to pressure- waves 

in thea.tmosphere. The noise of the earthquake at Lisbon and 

the several accounts given of the earth opening and emi t·t i ng 

clouds of smoke, dust . and fumes would expla.i:i'l the creation of 

air- wavest , ·but proof positive of their existence in great 

strength is ,afforded by . the following acoou..Yl.t from a corres­

pondent in Leyden (Nov. 4, 1755): 

• ·Ct. llaeel waae : ' The Inte rior or the Earth ' ; Ame rican Schntist, 
Vol. 34 , 1946, [43] , P o 196. . . . . 

·t Cf. also Milae: Earthquake &11 (Lo~don). l913 p [44) 9 Chapter IX. 
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'·' On Saturday last. _in the forenoon , the water in t .h~ l'.lveral rivers , . oJl.nlll.la 8 c.nd lakes; was agitated to suoh IA violent dE"t~l""'"', that at Wpubrugge. , Alph®n• Boahoop , and Rotterdami> buoys . t)r" broken from thBi ir. chains 9 large vt,S~f>le sn11pp~<l th"'i r cabl~s ~ sm~lle r on4's. w~ :ro thir-0wn. ot,t of the water on thqri l and ~ .a:nfl o~his rs lyin; on the land were set afloat o In ths lf\\.ri, o" Harl<!9ro -partio­ub.rly; the oouroe of' a Vt'9SS1'1 on full sail 1Nas surld"'nly suep~ni~.,r~ and. the ntddar unhung.. No mo·tion on land, of the houses and buildin~s wae f~lt. During the time of this &~it , ti"u 9 1.IJ'hieh continued near fi:1 r minu:tes 9 not only the water in th~ riwrs and lakes, but. lso 1all muneT of fluids in smalle r o,uqntitieHJ, a . in coolers, tubs, backs , t9'tc o j v1as ~·qua.lly ae;itatad ~- and d~ahed over the ~ide~, notwithstanding no motion w&s p~rc6ptibl i n th oonte.ining ve s0la. In auoh small ouantities 11.l:so, the surface of the ~.ter had apparently a direct ascent 9 prior to its turbulent motion, and. in mQny pl~ees, even the riv~rs and canal.is rose -12 iL.chee p rpendiculia.l'. It :i 1uH1,u-ted dso from Amsterdamp that. during this inte rval, the mercury in the b&rom­atar, which bout , this t{me .~as uncommonly M.~h, =aeaeencTsa~ st ntly near two inch s, and made 1wveral consaqu('Jnt vibrations . 

(author's italios) 

It is quite obvious that nothlng but a series of air pressure­
waves could have caueen the barometer to have behaved in this 
fashion, and their existence at once explains the seiche-phenom­
ena described, in terms of Professor Chrystal's findings on 
fluctuations of barometric pressure. Further confirmation of 
the seiche-li~e behaviour of enclosed·wa.ters is given in a. 

letter from :Amsterdam (Nov . 7, 1755)1 

. ''~h• late extraordinary agitation of the -wat~r extended b•yond Utrecht, a.n:d alao southward to Brabant1 where in the district of Hertogenb9aoh. it lasted near half an ho~r- 1 oooadoaing ~r,• alcn of vessels, long lince uunk, to ri1e t o the surface and float foT aeT­eral minutes, not,rithatandin~ there waa not ~ha least wi nd, nor any motion diaooTered in the land. . '' At Lubec:!{ in Holstein, the water in the Trave roae four or five feet perpendicular in an instant, by which ~otion the ship or Capt. Panders •napped ite cables, and great dMlage waa done to other ••a~ela. The agitaticm of the waters 11 said to have h .at•d nine minutes; &nd it appear, everywhere, indeed, to h~ve lasted .proportiona'ble to the height of the instan.teeoua a scent. From Glllokstad and other pla~ea there are also similar accounts, all a greeing that not t h• least motion wa1 observabl3 on t he lamd. 
· 

9 i And letter• from Bru1eela menti on that it wan f'elt vary ee1:u:i .-bly t h roug~ the whole oourae of t he ri'W"er1 Weser and Elbe." · 

Acld1t1onal evidenoe f'or an a ir-. pressure origin of these 
remarkable oco\.irrenoea 1a furni~hed by accounts of what took 
place in England. A letter from Portsmouth, dated Nov ~ 3, 1755, 
says: 
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" Otl Saturt:hy lat (Nov~ 1st) his m!ljesty'~ ship Gol'port wae 
carried into the dock to be cleaned: about half an hour past ten in 
the morning she 'Ra-s observed to pitch forHard with lu,r h!i!a.d deep in 
the watar and immediat~ly to r cover it and pitch air deep in w"ith her 
stern; th6 •i,~ter about her was greatly. ae;its.teid 9 a nd the dook gat s 
forced open about six inches.. . · .· · 

u At a. very cousidere,ble dista.ncs is a larisa be.sin 11 vrhioh· haa not 
th'9 leut ·communication ·,.r1ith this doe\c.l) 11n.d in it are th~ Barwick • 

. - Nassau, -Dover I) &nci 1?.nother 111.rge_ ship; thees s.t 'che aam,,. instf!l.nt fe l t 
th~ shockp but in~tead of pito~ing they rolled very viole~tly; none of 
those who wer,, o:i1 the lru1d oould psroeive the earth eithEfr under or 
i:.bout .them to movei ~ H 

The direct distance from LisbQn to Portsmouth a.long a great 

circle is a.bout 975 miles, and if the e.ir waves are presumed to 

have travelled at 780 mph·~, they would have passed over Ports­

mouth about it hours after occurrence of the earthquake, that 

is, at about 11.0 a . m. , which within the limits of error is in 

gc:,od agreement with the · time ·· of the incident quoted above. At 

Cranbrook, Horsmanden and Tenterden in Kent, some 20 to 30 

miles north of Portsmouth, agitation of water in dams and ponds 

is described as having occurred between 10 and 11 in the morning 

in similar circumstances; while at Finohingfield., ~ssex, and 

Barlborough, Derby, respectively 1075 and 1145 miles fro:in Lisbon. 

as the crow flies, seiches in ponds are recorded as having oc­

curred between 11 and 12 a.m . Over these greater diste.noes, in 

the latter two instances, the air waves would have taken respec­

tively 1.38 and 1 . 47 hours, making the times of arrival 11 .08 

and 11.13 a.m. , which again are seen to be in good agreement with 

the observations. Had these disturbances been caused by direct 

earth-tremors they would have developed_ between 9. 30 and 10 .o·­
a.m. as did the seiohes in the Scottish lochs and it is almost 

certain . that ground vibratj,on would have been felt. . The remark­

able circumstance th~t the terrestrial shock-waves penetrated 

into the highlands over a wide field, but failed to disturb.the 

intervening lowlands is a problem we must leave for the geo -

~ 
This i s t h$ t heoretical s p~ed of s ound i n air at so°F •. 
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· physicistR, but ,. on the evidence, the author io impelled to ·the 

concl_usion that ooncma3imn-warea in ·;;he atmospheie arising from 

the g:reat earthquake mucrt ha"V e 1n~en of a. periN".iei ty sufficient­

ly close to the seiohe-p,:,1•ioda of a. large nwnbflr of bodies of 

wa.te:r to impress upon th~m the extraordinary oscillations de..; 

scribed. 

32. The Signifioa.nce of _;Lake Vibrations. 

Besides the !'eg:ilar lake aeichea, Porel recognized more 

rapid osoilla.tione with period eJ of only a (?'>.7 min1... tee which he 

called 'vibrations~. These he noticed.· arose l':'!10·,: the w·ind blew 

:from certain quarter~, but whereas the visio "' wind waves h ad 

periods of only 4 to 5 aecondo, the v~.bra.tiona usually had pe­

riods of from 45 seconds to 4 minutes. Forel came to the con­

clusion e·ventually tha,t these vi"bratio!1a were longitudinal 

seiches of high nodality; higher harmonics, i:.1 other words, of 

the more fundamental seiches, but Professor Chrystal. discussing 

this question, points out ·that all t he evidence is ag .ainst such 

an hypothesis. Chrystal found the same embroidery of vibrations 

on his limnograma for Loch ~arn with periods most frequently of 

the order of 1.5 minutes. It was never observed unless there 

had been sufficient wind to generate ordinary surface waves, 

and it subsided with the disappearance of these waves: further 

it was usually a feature of the leeward or receiving end of the 

lake but absent a.t the windward end. In most oases too the 

miorobarograms showed what Chrystal calls 'wind-blurring', 

suggestive of fluctuations of very short period, which in some 

cases seemed to coincide with the lake vibrations, but Chrystal 

was unable to es·tablish any direct association with fluctuations 

of wind because of the condensed time scale on the anemograms . 
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If the vibrations. werell in fact, high-nodality aeiches, then 

their phases at oppoai te sides of' the lake mus·t be the same, 

but by signalling he was able to disprove th.:·. 

Forel noticed that the. steamers on the Lake cf Geneva 

generated vibrations very sim_ilar to ·the wind's, and the embroid­

ery from the latter, because of this, could onl y be studied at 

night when steamers were :not plying to and fro. The remarkable 

thing about the steame~ ~ibrations was that they preceded ·aves­

sel so that 1 t was possible · to be aware of its approach as much 

as half-a.n~hour before its final arrival at the observing st~tio~. 

Thia peculiarity of antecedent vibrations was noticed also by 

Chrystal in respect of the approach of a squall, and he likened 

the phenomenon to the well-known fact· of a swell presagin,g a 

storm at sea. 

Professor Chrystal reached. no f'lnal conclusion on the 

enigma of the lake vibrations unless it wa.a that changing wind 

. pressure would generate trains or waves of differing wave-length, 

which aa wa.ve groups migbt account for some of the periods in th 

embroidery. Sir George Darwin, while expressing considerable 

surprise at the tact that waves of a length between crests of 

from t to l mile could be generated by wind and steamers, was 

disposed to explain their existence on the basis of the analogy 

of the waves crea.teo. by a atone falling into wnter. Waves eo 

generated are of a.11 wave-lengths~ but it is the longer ones 

which out-distance and precede the shorter ones. Darwin, how­

evel'.'p remained mystified s to what governed the length ot the 

waves and why in the vibrations there was such complete separa· 

tion between the long and the short waves. 
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. 33. Sea-oscillations of sei_em)c Origin • . 

µong before Forel· commenced his researches onseiohes in 
of ·· 

lakes, it had been a matter/ common obst;rvation that bays and 

estuaries fronting on the sea were · sometimes subjec,ted to extra­

ordinary convulsions from huge waves. In a small wa,y. the_se aon­

di tions were no different f'rom · the great tidal waves (the true 

·tides) that sweep up many coastal inlets such as the Ray of 

Fundy, the Severn lilstuary, and .Hangchow Bay, to mention but a 

few,. but because they were unusual and unexpected they were al­

ways dangerous .. 

The great earthquake of Lisbon genera~ed big sea-:wav ee of' 

this kind, and. a.a thei?=" ·effects were peculiar to many of the 

harbours which they ov~rwhelmed, it is of ·some inter·est to our 

argumen t to co.nsider t he various accounts of them given i n the 

Gentl eman's Magazine of 1755 , to which reference has already 

been ma.de. 

Lisbon 1.iea on the north bank of the considerable estur:1.ry 

of the river Tajo (Tagus), which with its comparatively narrow 

mouth i s virtually an encl osed piece o f water . Into thi s rushed· 

the s ea- waves that .fo l lowed sometime after the earthqu~e and 

"• 0 : •• whilst t he multitude we r e gathered near the rive rside , the water , 
rose to suoh l\ height t hat it o.v0 rcame and ove rflowed the low~ r pa.rt 
of the c i t y , •.• o'' . 

This is the account of' a captain of a British vessel, which was 

·anchor ed in the estuary, who had previousl y fe'l t the earthquake 

itself · a.s a shock suggestive of the ship having foul ed the r i ver 

bottom. He records further& 

" •••• boa.ts we re oa rried away by the r etiring sea.p which ebbed and 
flowed. ebbed and flowed in rour or f'ive· minutes,. uoand tni, tide so 
quick eastward and westward~ that the ships tuniing fast Pound raa 
foul of each othe r ••• ~.l obaerted the Sea at the Bar break feath&r 
white as H' agita t e d by .a mtorm ••••• By my best judgD1ent the water rose 
in fi.ve minutes about 16 f eet, and f ell in the aame time for t hree 
times 11 · and a t t wo t he tide r eturne d to its natura l course . 11 
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All this suggests that the sea-waves had a period approximating 

10 minutes, although another eye-witness on the land said: 

"But this di&mal earthquake had such an influano• upon the sea a•d 
river, that the water rosep in about ten minutesp a~Taral yards p~rpe•-
dicular: ••• 0'• · 

. ' 

The sea-waves bore down upon Porto, Cadiz and Gibraltar 
and indeed upon the whole coastline in the neighbourhood. Acor­

respondent writing from Porto records that the earthquake shock 

was felt at about 20 minutes before ten in the morning. Only a 

few minutes before starting hie letter he mention9 that another 

concussion was felt at 11.20 a.m. Obviously at that time the sea­

waves had not arrived, for he says: 

tt The ship this goes by sails tomorrow morningp so shall defer eonelud­ing till near the time she sails." 

Ue continued his letter at about 4.0 a .m. the following _morning, 
and recounts that a further shock was felt at about noon, to 
which he apparently ascribes the remarkable effects on the river : 

"oe •• the tide rose oonaiderably higher than was ev"}r known 9 except· in. 
case or a flood: and th~ flux and l"ftflux was so suddsn, tlvit in a min­
ute or tlro · it rose and fell fiv" or six feet, and @ontinued so tor two 
or three hours; this I was \'f!.t•ess to ... 

In reality, of course, this commotion was being caused by the 
arrival of the sea-waves generated at 9o 4b a.mo by the ma.in 

earthquake disturbance. 

· At Cadiz the earthquake was also felt at a.bout 9.45 a.me, 
but accordi~g to another correspondent, 

" AD hour afterwards the aea waa calm 0 not a breath of ai:r b~t 
prodigioua oloae and lf"armJ OA a suddsn thf'J S8a swell 'd up {without 
the leaat wind) all round the eityJ.o•o" 

Similar effects were felt at Gibraltar, where: 

"The sea rose six feet eTery 15 mimites, and fell so low that boats 0 •• were left aground ••• a Thia flux and reflux lasted till next morning, having deo:reaaed gradually from two in the afternooJ1
0 " 
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The seismic sea-waves, fanning out from their epicentric 

origin, raced towards the southern coasts of Ireland and England. 

At Kinsale, in Ireland, i,t was reported on the day of the earth­

quake that 

St ~ •• , in the l'J.fte ::,noonl) wh@n th!') tide had @bboo som~ tim.'3, it su,Menly 
returned with a viol~ne~ ~nd impetuosity impo@eibl0 to ~~scribe • •e•• 
Th..,ee sudden rutd aurp:r1 nin~ flux"s and refiu xtis of' thl'I S1Hi continul'ld 
from thr<ae in th~ m.fternoon till t11m &t night;, si,ldom mori, ·th&.n o. 
quarter of· an houT bet,.m~n ©&ch :r~turn." 

From swanseai Wales , cam~ another report to the effect that on 

u Th~ ht inst. e.bout thr"'l0 qu· rt~rs put six in th"l ew.n1ing" ~ mile 
m.nd e. half up th® riv@r, ,a.ft@r

1 
two hours ebb, a larfi;~ h~'i.d of W!!l.ter 

rushl"ld up ~i h Iii gr6lfi.t 110180, ••• ., It ffjll ~lmmit lil.S suddenly. for 
in 10 minut-,:;i thtH'9 w&a no appen!l.rane~ li,ft of m.o:ffi ·111~t .. n' than usugi,l 
1G.t that tim.:, o" t:!.d@ oo. 0 ., A v~ss'6l arriv~rl ainci, from fu\yl in Corn­
wall brings ~a Qcoount, that the eamft dQy, ~bout four in th~ ~fte r­
noon, th'-'Y had thrse h11Hi.da of v171!'lter. one aft\0/r thl'I oth.,r,~0 • ., 0

1
~ 

From these accounts and the knowledge we now possess of 

the speeds o~ long waves in different depths of waterj it ia 

certain that these various effects had. a common origin at the 

time and place of the great earthquake, probably close to 

Setubal on the submarine escarpment that connects with the is­

land of Madeira*. It is significant that off Cornwall three 

'heads' of water were experi enced, agreeing precisely with the 

three main waves reported in the estuary of Lisbon itself. Only 

one head of water rushed up the Neath river at Swansea, and pre­

sumably this is because the waves merged in the shoaling waters 

of that estuary. It is ,worthy of note that at both Kinsale and 

Gibraltar the periodicity of the waves was 15 minutes, and at 

Lisbon 10 minutes, while at Cadiz it would seem to have been a­

bout 5 minutes. These differences are not impossible owing to 

a certain amount of occlusion of the main_ periodicities from 

seiche-like effects peo·ulia.r to the bays and. estuaries where the 

observations were made. 

* The ~uthor has checked this by calculation, using ~quation (8), 
Chapter VI (post.) 0 



An important point that arises from the examin~tion of 
this case is that the disturbances in the various bays and inlets 
continued for long houra after the arrival of the seismic sea• 
aves, and while the reason for this could possibly in thie 

instance be imputed to subsequent minor shocks, we shall advance 
the suggestion, on the basis of further evidence to be revealed. 
in due couree, that the explanation for it is to be found in 
the pseudo-seic~es which were created by trains of following 
waves and by the initial disturbances themselves. 

There have been many earthquak s in history which have 
produced seismic sea-waves of great destructive power, but proba­
bly none so widespread in its effects as the great eruption of 
Krakatoa in 1883, which saw the virtual disappe·arance of that 
island in the Sunda Str'ai t between Java and Sumatra:-. Inasmuch as 
the sea~wavea from this gigantic molar disturbance penetrated 
Table Bay and scores of other bays and harbours as f'ar a.field as 
the North Atlantic and the Eastern Pacific, consideration of 
their effects has spaci~ interest and local flavour for our 
the.me •. 

The great sea-waves which were generated by the convulsions 
of Krakatoa were some 60 feet high at their ·origin and.had a 
periodicity of approximately two hours with a distance between 

• crests of the order of 80 miles . Their progression through the 
Sunda strait on August 26th and 27th, 1883, seems to have induced 
second harmonics, with the reaul t that the waves were propagated 
across the oceans at intervals of about an hour apart. ·wave­
trains of shorter periodioi ties were ob-sel"Ted by various· iri t - . 
nesses so · that ·1 t. is probabl e that a rS:ther mix~d assortment 
emanat'ed from .. the disturbance. 

Ct. Refort of the ~Mkatoa c:o•itte.e of the , Royal Society~ (London). 18889 45]. . . . . . 
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These wave-trains produced remarkable embroideries on the 

marigrama of tide-gauges at Colombo, Vizagapatam, Ceylon, ~aur!t­

iue, Port Elizabeth, Cape Town, Honolulu, San Francisco and many 

other ports, but the significant thing is that the prominent 

periodicities which were excited in these harbours were often 

widely different. At Mauritius, for instance, th~ main pe~iodici­

ty was between 30 and 40 minutes, whereas at hlahJ, in the Sey­

chelles, it was 2~1nutes; at Honolulu the period was 30 minutes, 

while in San Francisco Bay the conspicu~us periods were 24, 34 

and 47 minutes. 

The diaturbancea reached Table Bay some 14 to 15 hours 

after the final paroxysm ot Krakatoa and revealed themselves as 

undulations abou.t 18 inches high and of about 62 minutes period 

with overlying oscillations of about 10 minutes periodicity. 

The marigram for Cape Town is a poor record unfortunately and 

more precise identification of .periodicities is difficult. We 

abould note in passing that in 1883 the harbour was not greatly 

different from the configuration of 1877, shown in Fig. 2, a 

circumstance which we believe has significance in respect of the 

10 minute vibrations apparent at this time, as will be commented 

upon later. 

At Port Alfred and Port Elizabeth oscillations of from 

10 to· 20 minutes were particularly pronounced. The 'Harwarden 

Castle• mail steamer which was anchored in Algoa Bay at the time 

of the arrival of the seismic sea-waves was swung about her moor­

inga with such force that the friction-brake by which the cable 

was held, slipped, and it became necessary to drop another anohor
0 

Here the evidence is manifold that the various gulfs, bays 

and armlets of the sea were responding mostly to particular 
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frequencies of waves which corresponded to their natural shape 

and depth. As with the Lisbon earthquake the vibrations con­

tinued for hours and even days after their commencement. 

The exploa16n of Krakatoa also gave rise to a series of 

huge air-waves which expanded in concentric circl s round the 

. atmospheric envelope of the globe to. condense at the an tipodea, 

diametrically opposite from Xrak~toa, and thence to oscillate 

backwards and forwards no less than seven times between these · 

focal . points. The air •aves were registered o barographa all 

over the world as an i~itial depression followed by a sudden 

risez their speed was found to be. between 674 and 726 mph 

according to the direction in which the waves were travelling, 

being influenced by an average westerly air-current of 14 mph. 

With the same thought in mind of the effects which the air-waves 

from the Lisbon earthquake had upon the .ponds and canals of 

England and Europe ( ~ectic,n 31)., th.e author was. led to enquire 

whether the Krakatoa tdr-waves could ~ot have been responsible 

f'or similar e!fecta at Cape Town and .Port Elizabeth in the re­

epe<rtive bays. Owing to the far greater speeds. of air-waves 

over eea•waves, any manifestation of aea.;.oscillations engendered 
~ . . .· 

/air waves should be revealed in the marigrams long before the. 

arrival of the· eea disturbances·. An inspection of the records 

for Cape . Town and Port Elizabeth at the times of croseing of 

the air-waves tailed, however, to reveal any measurable effects 

that could be associated with them. On referring now to his 

notes of this phase of investigation, the author notices that 

Capt. Wharton, who compiled the memoir on the sea-waves for the 

Committee of·the Roya1 · society, was much puzzled by the fact 
l a 

that considerable short p_eriod oscillations at Port Alfred pre-

ceded the main wavea. It 115· just possible that seiches may have 
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been excited in the estuarine waters of tha.t small · harbour by the 

air-waves, but at this time of writing the author has ~ot the 

fa.cili ty for referring again to the Royal nociety · Report to check 

the possibility .. 

One f'urther example of seismic sea-waves may be considered 

as hav:i ng the special. value of recency in our timea this a.rose 

on April let, 1946 » from a subma.ril).e earthquake whose epicentre 

was in 9000 feet of water a.t 163° W long . , 53t0 N lat . in the Aleut­

ian Trench . The waves were recorded on arrival at 15 tide-station: 

of the United states Coast and Geodetic Survey, and at points on 

the coasts of Dri tish Columbia, Costa. Rica, .Peru and Chile• A 

ful l report of' this interes t ing occurrence has been prepared by 

the United states Coast and G.eodetic survey~ from which we repro­

duce in Fig. 25 a typical marigram for Clayoquot, British Columbi~ 

illustrating very clearly the sudden arrival of the forced waves 
·' 

and -the development thereafter -of- parasitic oscillations, attenu-

ating s l owly· over a l ong period. 

It was :round f r om the many such records that the average 

periodicity of the aea- wa.ves was 15 . 6 minutes, a value which l ends 

some credence to the belief that the Li sbon earthquake must have 

generated very similar waves. l'he marigrams reproduced in this 

report leave no doubt of the ·fact that bays and inlets of the sea. 

are eubj eot to the same . kind of oscillations as inland lakes and 

that seismic sea.• waves are at least one cause of excitation . 

34. Coastal Seichea ·of :Meteorological Origin • . ~ . . 

If seismic sea-waves are responsible for the most spectac­

ular and cataclysmic effects along the coastlines of the world , 
I 

* Green: ' Seismic Sea Wave of' April li, l946 9 e.s Reoorded on Tide Gages·' -
United Stat e s Coas t & ~ odetic Survey . San Francisco, Calif orn.ia.

9 
r46]: 
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they a.re certainly not the most frequent: hurricanes and cyclones 
are a far more prolific source of devastating seas, and very often 
they give rise to a mass-transport of water through combination of 
intense wind and barometric suction.. For the present,. however, we 
shall defer consideration of th<!Be exceptionally Violent effects to 
discuss more fully the phenomenon of coastal seiches. 

The sea-oscillationa we have noted as occurring in hays and 
inlets do not necessarily require 'Violence for their generation. 
A.irr's attention was drawn to peculiar fluct~ations of the tide at 

.Malta which were quite appreciable in the years 18?1 and 18?2* o 
They occurred usually in a tranquil sea, as . simple-harmonic varia­
tions of great regularity with a periodici.ty of about 21 minutes 
and a vertical range of some 12 inches. Having just heard of For­
el's investigations on the Lake of Geneva, Airy at once concluded 
that the phenomenon was similar to the lake-seiches, and he con­
ceived the seiches at Malta to be the result of wave reflections 
between the shores of Sici-ly and Africa. It is to Airy's credit 
that he · as possibly the firet to realise that seiches could occur 
on coastlines as well as in lakes, even before Forel himself had . 

. accepted this poseibili ty, but he was p,ba.~ly wrong in associating 
a seiche of 21 minutes periodicity wi .th reflecion effects produced 
between the· coasts of Sicily and Africa. In reality the seiche 

. . 

must have been peculiar to the single .:small bight in the coastline 
of Mal ta where the tides were measured . · Ne.verth~less, Airy makes 
a further interesting comment that seichea with intervals of 15 or 
20 minutes had also been registered at ~wansea, in \Vales. 

' Darwin l also had noticed in the trace of the tide-gauge at 
Bombay irregularities with periods ranging from a few minutes to 

* . . .. : .: . . . . ·t 'On · the Tides .at Ma.~ta';: Phil .1'rans. Roy .Soc. ,London, Vol.,169 ,1818, r 47] ,p .1 36. · L.c o (ante p. M), {~8 L, p.43. . . · .· . 
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over quarter of an hour, and whi l e not s~bccribing immediatel y 

to the vie• that tliey were seichea, he r~oognized their a.ffin­

i ty, and, in common with Forel~ was content to call them vibra­

tions of the sea. Numberoue other inveetig tora took up the 

study of what were then currently called the 'Secondary Undula­

tions' of the tides, Duff and Denison in Canada, Russell in 

Australia, and Platania. in Italy 'being prominently connected 

with the subject at the turn of' the century. These investiga­

tors all came to the conclusion that the effects observed were 

connected with barometric disturbances over the ocean. 

Between 1903 and 1908 the phenomenon was very intensivel y 

studied by Professor Omori and his associat~s Honda, Terada and 

Isi tani in Japan as a part-undertaking of the Ja.panese Earth­

quake Investigation Committee* . After measurements of some 60 

bays of· the Japanese islands they showed conclusively that the 

secondary oscillations depended for their periodicity upon the 

configuration of the coastline,. and that the periodic.ity could 

even be calculated with fair approximation from the basic dimene• 

ion.a of the bay, on the supposition that the oscillation par­

took of the nature of a uninodal aeiohe .with the node at the 

mouth of the bay. They attributed the secondary undulations to 

long waves generated by fluctuations of barometric pressure, 

wind or earthquakes in the open ocean, confirming thereby the 

deductions of previous investigators. 

Professor Chrystal in his concluding report {1908) on 

the seiches in the Scottish lakes, refers to the corresponding 

sea~phenomenon by remarkingt f 

. . . . 

• Rends., Te:rada & Is i tani: 1Seoonda.ry Undulations of Oceanic Tides' ; 
Phil. -Mag., Vol. 15, 1908, [48] , p 0 88 et seq. t L.c. (ante p4 86), (42]. 
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''ll'h:,sa oscil · · tions ( in ba;ys) whfoh a.re aome imas of o onsida re.l>la 
ran~a . ar"e apna!'e-1.tly due c.o . r·eaouunoe with oom 'll'l.'l.tiv~lv :1 n.c onspiou­
us und'itlations .1 th., axt8rn 1 ocl'1a.nic n-11011, the pericdi:i of' whi oh 

are eqv.a1. t o sorn" of' ·';he n,3.tu.1·al . P.riofta of thA b'ly." 

and Da_-win, in the la.ter ~di tion of hfs b('ok ( 1910}, ~omments B-t 
• 11 It now seem~ -to be· ~ ell a tabii ahen · th'.l.t l llncl1_oclrsd arms or th~ s a .. 
and bays htav'3 their rag la.r eeichs, - liks soil a. ions n • • QThe vibrati n$1 
are e.lmo t e Arta inlJ rodu sd b y dif'-f'e r.anc e s of· b11rometrio pressure , 
b t t e oriods or oa .. illa.'cion mua't be d&termi nad almost ti re ly by 
the conf.' ~uration of ~ha i· 1fl t 0 0 • • o" · 

From thi s stage onward the mathema:"ic:!.ans picked up the 

threads anQ. by applying Chrystal's work to ba:vs were able to 

explai n most of the pecul:iar oscill $tions c ~cmrri ng: Har:ris i n 

Ame rica ( 1908), .Proud.man 11914), Doodson ( 19.20), Go l sbrough 

(1930 ) ~ and Lamb (1932) ir1 Britain , ~d Je:f'ant in :)lrope (1929) 

were prominent i n t hi s f i eld • . 

Uarmer ( 1926)T giv es , finally, a.a u p - to-dat e an explanation 

of the phenomenon aa coul d b e f ound when the auth o r embarked u pon 

the. Investigation of Rang e3 

" The exc i ting cause or t he · seic he may be s v.dden change s 111· ba.r.o- · 
me t r i c pressure ll st rong wind~0 or W"aves f rom t he sea . · I n the op~m see. 
wa"\Tes of various periods eo.ppas. r to e xist and aa t he s e p:roeead t<ma:i"ds 
t he coast t he one whos e pe riod approximat e s t o t he pe r i od t?f t he .'~ody. 
of water opening i nto the s ea wil l bring about a. seiohe i n ~ha.t bo·dy of wate r~ · · · .• · · _. , ·.·.· 

, " Se iches occur most f requently in de e p bays o r e s tuar-ie~ t hi3.t ·are · 
nearly landl ocked . But t hey may also be ·round .in a ny· portion of ·the sea 
pa rtl y bounded by l and " f or any such area is capab le o f sus:tainittg st&:-: . . tiona.ry wave oscillations of !l period cond i tioned by its' l en~t n an~ depth'.i 

·· Mariner gives an in t eres t ing exampl e o·f se.iches· g~nera.t ed · · . . . 

in San Francisc o Bs,y by a barometric depression on Novembe r 21~ 
1910, and this we r ep rodu c e i n Fig. 26 as demonstr able proof of 

this mode of exc i t a t ion . . The predominant. os cilla t i ons in this 

marigram have a p eriod of about 48 minutes, bu t t here is.al so 

evidence o f a secondary l ? mi nute_ periodici ty . From observations 

and model _ experiments, San Francisco Bay has now b een shown _t'o · . 

have . s everal .· d i etinc t _modes of · oscillati on yielding ~erio.di oi ti es 

of l?~J.9j 2 4 ... 2'7, 34• 41, _;i7 and ~16 mi nutes i ~ which · b.ecome p~omi- .· 
. - . . 

nent 'according "to ~he c ircums t ances of the disturbing . agE'ncy • 
• L ~ C O ( ante ~. 88 ) 9 ,, 2B ] ~ p. 67 . . . . . . . . . . . t 'The· Tide'. (New Yon) ~ _1926, f49_]P pp. 146- 16~. · ·. . . . ·.:. 
§ Cf' .Lattgharne . Thornton: 'Sej,smic . Sea ~Vaves' tEnpneei:in~,My· 1946• f 50] .p.484. 
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CHAP l'ER Vl • 

. ,. !ls by the w st ,vind d:riv'n, the ocee.n \!laws 
Dash fQr,-nard on the · far resounding shore ·.•T . . , . , !t . . , . 
. 1 ave upon wa w i • o • o · 

~ Romsr, 
The Ili~~ ' IV9 (~00 B.C.). 

35 . Sea-Vibrations. 

The ~indings of the last ·chapter establish that irregular 
coastlines fronting on the ocean are subject to the same general 
phenomenon as inland lakes, and have their own seiches • . But · in 
the same way that Forel, Chrystal and r>arwin saw fit to differ­
entiate between the true lake-seiches and what they called. 'vi-

·. brations', so we may divine a distinction between the coastal 
seiches and the vibrations of the sea. l'hese latter also give 
rise to a dense embroidery on the marigrams traced by·harbour 
tide-gauges. and have periodic! ties in general greater than the 
visible storm waves. It is logical to apply to these sea._vibra.­
tions the same conclusions as were drawn in respect of lake-vi~ 
brations (Section 32), and it would appear therefore that their , 
existence is to be attributed to ocean-waves of exceptional 
length, generated by wind or pressure-disturbances. We are at 
once led to enquire further into the nature of ocean- waves with 
the object of defining the connection between sea- vibrations and 
the ·Range- phenomenon. 

36 . Types of Waves. 

. * lnhie great classic study of waves Soott Russell 
• 'Report on Wa:ves'; Report of t he Brit. Assoc~ for the Advancement of Sc iertce, 1844 11 [51), ·pp . 311-390 . · 
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recogn1e __ ed tour t y-pea, whi ch he claaa 1t i ed in orders. Only 

waves of thPI first t wo orders concern ua here: these are 

waves of translation and waves of oscillation, the distinction 

lying in the fact that there is mass-transport of water in the 

fir·st type, which is solitary, while there 'is only elliptical 

motion of water particles in the second, which is inclined to 

occur in groups. The solitary wave has a crest and no trouah, 

and derives from the sudden addition or displacement of amass 

of water in an otherwise tranquil body of water. Waves of oa-

. cillation, ( representing wind waveeg ocean ewell and even tidal 

waves) tend to assume the properties of waves of translation in 

shoaling water where they are caused to break or accumulate in 

• ·the form of tidal bores • The solitary wave of translation may 

be regarded aa an extreme case of oscillatory waves in which the 

wave-length is very great compared with the depth, with the re­

sult that the crests are virtually independent of each other t . · 

Bouseinesq and Raleigh both independently suoceeded in applying 

hydrodynamical theory to this type of wave and derived the · formu ­

la for its velocity which agreed precisely with the empirical 

formula devised by Scott Ruesell to fit his experimental results. 

Here was a particularly beautiful example of concordance petween· 

theory and experimentj and it is the more remarkable in that 
' Airy had previously Qlaimed that his results, by approximate 

t heory , fi t ted the observations, a ooriten t ion whi ch was v ehem­

entl y refuted by Scott Russell in the interests of scientific 

accuracy. 

As will b-e apparent.from the quotation given in Chapter I 
. . 

• Scott Rus~ell hims.elf made thl.s · obse rvation: Cf'. also Bi gelOllf & Edinond­
sc,n. ' ~'find Wa,r~s at Sea, Breakers and ·Surf'' ,('"lashingfon) ,l-947. T52)~ 
p .115; Brown, • The Flow of' ·.iva.te r in . Tidal . Canals' , T~ns. Am

0 
Soc 

O 
C 

0
E 6ti. 

f · Vol.96, 1932, [53), pp~7 4.9- 834 ; ; - .. · .. · _ · . 
Cf'. Lamb, '_Hydrodynamics' t>(Cam.brid~e ) ,1932 p (5~ J 9 Art·0 252, p .423. 
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(p . 11}, the rollers and ocean-swell off the Cape of Good Hope, 

witb, which we shall have to deal, were classed as waves of trans- · 

la.tion by Scott <Russell himself. In what :follo.ws we shall never­

the less pay some attention to waves of oscillation, bearing in 

mind th.e observation already made that waves of translation are 

a ar~icular limiting type of oscillatory waves. 

Waves of oscillation, having a ~ini te ampl·i tude which is 

commensurable with the wave length, have a surface profile which 

is very nearly trochoidal* . This was first demonstrated theoret­

ically by Stokes and has since been verified experimentally by 

observation and measurement of natural and artificial' waves t . 
In this form the wave crests are sharper and the troughs flatter · 

than in a pure sinusoidal profile, and it is probable · that very 

high waves in deep water approximate to this shape. ·· 'When the 

amplitude is small compared with the wave-leng~h the profile 

becomes sinusoidal and this is the fo.rm most characteristic of 

l ong wavee and ocean- swell~ Comprehensive experiments with 

electrical recording equipment off the ·coast of Algiers § have 

·verified that the profile of heavy ·swells is in fact very cl osel y 

sinusoidal . 

Oscillatory waves have been shown, both in theory and 

practice, to give rise to a small momentum of the wave particles 

which is progressive in the direction of wave travel. 

37 . Properties of Oscillatory Waves. 

On the basis that the amplitud~, A·, .of an oscillatory 

Cf. Lamb 11 ( l.e •· ante p. 105}, [54] , Art.- -25_0 11 p.0 417. 
' A _Summary of the Theory ~r Oscillatory Waves'!> Tecliniea:1 Re port N'o 0 ~

9 t Beaeh i:rosion Board. (Wa shington) 11 1942. [55 ) . p 0 24 • . · . . 
S Renwd: 'The Port of Algier_s: Observations on Swell_'; Account of the 

16th I nt.effla,tiona l Navigation c·ongre ss , Brua sels .1935 9 (e.6 ), pp . 385..:.39i . er. Lamb, (ibid. ) , (.54) 11 Art. 2so11 p~ 419. · . ·. . · · 
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wave is small compared with the wave•ler_1gth; ~ ·, and the depth, 

d , of water, the ·canonical equation for the velocity of -tne 

wave is 

where !J is the aoceleratio·n due to grayi ty. Thia presupposes 

that the waves are large enough to render surface tension of 

small account, and that the motion is irrotational, without 

vorticity. Al though . turbulence is set up by flow of .water a­

cross rough boundary surfaces, the low viscosity of water pre­

vents rapid permeation and thi~ ·ractor is not ordinari.ly im.­

portant in wave motion. 

Ry writing _____ {2) 

and 

---------........ ----~< ~) 
wne~e 't' is the period of the wave, equation (1) can be trans-

formed to: 

~~~------(4) 
Further, by noting that 

A= c., _____ t5) 

equation (l) may also be expressed in the form: 

C :: l filllh ( P/-) -------(6) 

It is interesting to record» in passing, that equation {l) was 

presaged by Ne~ton in 1686, when he concluded th t~ 
~ '' The ve loc ity of wa:va.s vari es as thP- s ous.re root of' the br"'la.dth~u !. 

From (1) a.nd (4) it will be obvious that when the hyper~:: 

bolic tangent approximates to unity, ~he velocity is given by 

C - .. rc;- m·ai\ - y~~ = ~ . ·q Z1T 
This a.ppibies to all w~ves whose wave-length is less than twice 

the depth of wate!'. On the other hand, all waves whose wave-
·, 

length is large compared with the depth, are propagated with a . 

4- cfo Lamb , ( l~c. ante Po 105) 11 [54). ~rt 9 229
9 p 0 36'1. 

t That ia 9 wave- lengths; .'Principia', 1686 9 f5'7], Book II, ~eorent ;:6
0 
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c =@ · , ____ (8) 

s i nce the hyperbolic tangent tends ·to the value (f,d when dA is 

small . 

If the progression of the wave in a constant depth of wa.ter 

b e referred to a coordinate system XOZ whose origi n O lies in 

t he pl ane of the undiat urbed surface of the water and whose. OX 

· axi s i s horizon t a l and poe i t ive in the di rection of wave travel, · 1 

the. OZ ) ixis being vertical and positive upwards, the equations 

ro·r the component di spl ac ements · ( § , !1 ) of any particular water 
particle . (r,.z) may be written ~ 

~ - q(z-fd) . . . 5 = A- . . sinh qd . "a,s(qx-pt) 

. n = A, sinh. q(z.+d) . si~/q.'A:- nl-) ~, s1n__h qd . . l • .r, · · (vertically), .• 

(i) 11 

(horizontally) 1 

( g} 

( i.i). 

where t is the .elapsed time. Equa tions _·(4) . are the parameters . 

or· .the ell i ptic .. harmonig orbit of the wat er :particle, . it& :period~ 

io1ty being the .s ame as t hat of t h e wave . 

From equati_c;>n (9)·-( i ) we see tha t the hyberbolic factor 

varies from a/tatih qd. at the surface (%= 0) to ·. 1/sinh qd at 

the .bottom (z : :._d). For long waves where j\. : ·is large CODipared 

with d , the hyperbolic sine and tangent a r e· or the same order, 

and the horizontal movement o:f water is thus ·sensibly the same 
at ·a11 depths . The vertical movement, of course, varies from 2A 

at the surface to zer o a t the bottom • . The ratio of bottom to 

· surface horizontal movement, in the general · _case, i~ t/cosh f d . 
The wave-lengths, speeds and movements of oscillatory 

waves of various peri odicities may b e examined with benefit on 

a diagram of the · form of Fig. 2'1 . Consider, for example, a 

wave -of 15 seconds periodicity advancing from deep wat er~ 

(° d~ · 10,000 feet, ·say), · towards a a.helv.i,n_g coast. Fig. 27 

W Cf~ •. Lfunb, (l.o. ~uite p • . l~)/ f54 ] . Art. 229 , p • .367 . 
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shows that its wave-length and speed remain constant at about 

1140 feet and 80 feet/sec. respectively until the water depth 

has reduced to 1000 feet. In all this time the water particles 

at the sea bottom have hardly been disturbed, but as the water 

shoals further, the wave-length of the wave becomes contracted 

and i ta advance -progressively slower, while the oscillatory 

movement is communicated more and more to the water particles 

on the sea-bed. :By the time the wave has entered 15 feet of 

water the horizontal movement on the bottom is theoretically 

9~% of the surface movement; wave-length is 520 feet, and ve­

locity oniy 22 f't./sec., or 15· mph. 

The shaded bands on the diagram indicate the progressive 

increase in oscillatory movement at the sea-bottom, ratios rela­

tive to surface movement being given by the diagonal.dash-dot 

lines. In the deeply shaded portion of the diagram the movement 

is virtually solid from surface to bottom. Here it will be not­

iced the periodicity lines are all almost parallel and conform 

to equation (8) for long waves. The unshaded portion of the dia­

gram conforms to equation ( 7) for short aves in deep water. In 

the transition zone between the dash7dot diagonal lines, neither 

of equations(?) or (8) is accurate and the properties of the 

wave must be evaluated from the full equation (1), (4) or (6). 

In plot~ing Fig. 27 the author used for the most pa.rt· equation 

(6}, in which the value ~f C involved in the hyperbolic tangent 

was estimated beforehand from a judicious use of equations {?) 

and { 8}. By that means C could be more accurately calculated 

from (6) and a second approximation made if necessary, until 

its correc·t value was found. 

In comparison with .these small-amplitude waves. trochoidal 

waves of finite amplitude progress with a velocity. approximating 
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to 
.... • * 

c: I f(1r.<{"A2) ________ ( 10) 

Thia, in point o:f fact, is very little different from equation 

( 7), even for waves of ap[.)reaiable am:pli tude. Consider, for 

instance, 10 second- waves, for which, in deep water, the wave­

length is about 500 feet~ (Fig. 27). lf these waves have a 

height, 2A, of 50 feet, which by ordinary standards is very oon:.. 

eiderable, the influence of the term (q_A)2 
will still only be 

such as to inc~ease the value of the velocity; as given bye­

quation (7), by (tl+o·i - I) or about 5%. For 15 and 20 second 

waTes, .which are the only other types which ever a.t~ain to great 

heights, 'tidal' waves excepted, the differences are smaller 

still. The effect of limited depth upon these trochoidal waves 

does not appear to have been investigated by Stokes and his 

successors, and we must presume that in shallow ater too the 

chart of Fig. 27 is not greatly in error even for waves of fair 

. amplitude • 

Scott Russell's solitary wave of translation has a veloo-

ity of c:: /g(dt-AJ . 
_____ (11) 

which, but for the inclusion of the amplitude, is the same as 

equation (8). This formula really only begins to apply after a 

wave has broken or been retarded to the point of an accumulation 

in a shallow estuaryf . aoat long waves such as are depicted 

w.i thin the shaded_ zone of Fig . 27, are waves of translation in 

the sense that they constitute a solid mass-movement of water 

ov-er the sea .. bed, but., u~like the .solitary wave, the motion is 

reversible,. as ·-iride-ed 1t niust be to produce· a seiche-phe~omenon. 

! Cf. Lam.'b~ (l.c . ante p. 105 ) , f54], Art. '·~5Q, p. 41'7 • . 
. TCr. All.en , .'Experiments .QnWater .Wavas or Translation 1n Small 

~hann~ls• __ , ·· Phil. Mag 0 , May, 1938, {58). pp ,. 754 .. 768°. '. 

••• 
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Long waves in general tend to have much smaller amplitudes than 
the visible _wind-waves .a.nd . ew,11, and the - assumption that ampli~ 
tudee -be small in comparison with wave-length an~ depth ia really 
more satisfactorily observed with them than with short waves of 
the latter type. Our general conclusion therefore is that Fig • . 
27 will apply with sufficient ac~uracy·to all the types of waves 
with which we are likely to be concerned, regardless of their 
magnitudes in height. 

38. Group-Velocity of Waves. 

The wave-velocities of Fig . 27 apply to individual waves, 
but when groups of waves of slightly different periodicities are 
propagated in the same direction they interfere to produce the 
phenomenon of tbeats' in which the resultant waves travel i n 
separated groups whose velocity as a whole is less than the veloc­
ity of the individual waves comprising them. This phenomenon 

*' appears to have been oba~rved first by Scott Russell, who re-
corded: 

" · ••• 0 the velocity of we.ve transmission may be very different from tne velocity of wave e ropagation." . . 

He describes how a partieul~r wave is seen· to advance through a 
group, only to disappear in the front while its place is taken 
by another wave that has grown in size from the rear. 

Stokes showed that this group velocity, lJ • in terms of 
the wave-length of the waves comprising the group and the depth 
of water, may be represented by the formula: 

u· = .Le_(. I+ . 2qd ·)· t 
2 Smh2qd . 

_____ (12) . ,_ 
L.e. (ante p. l 04 )P f51)P Po 369~ 

t cf.Lalllb, (l.c o ante p. 105), [54}. Ar-t 0 236. p. 381. ,;__----------~-~--· 
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When the depth is great compared with the v ave_.length. as with 
. . short waves falling in the unshaded zone of Fig • . 27, th,e group-

veloci ty, (j ' . is half the wave velooi ty, but when the depth is 

relatively small, U · has the same value as C • For all long 

waves falli~g ithin the deeply shaded band to_ the left of the 
0.9o diagonal line (Fig. 2?}, the group-velocity will he the 
same as . the wave-velocity, since~ in this zone will every­
where be less th~n 1/20 ( the value along the diagonal}, making 

· U= 0.97C or better..-

It is clear from this that in a mixed assortment of waves 

originating from a disturbance in deep water, the long waves will 

outstrip the short ones owing to their far greater group veloci­
ties. Short waves, while proceeding slowly at first as groups 
in· relation to.their individual waves, will gather speed relat ... 
ively as they progress towards shallower water, until in the 

final stages, as Fig. · 27 shows, when they enter the deeply shaded 
band,, their velocities will be equal. Since even 5 second waves 
cut the shaded band of Fig. 27, it follows that we should look 
in vain for the phenomenon of waves, rising from the rear of a 
group, advancing through · it and dying at the front, in ordinary 
sea-waves close inshore. 

39. Wind-Waves and Swell 9 

Helmholtz show d that waves tend to - be generated at · the 
surface of discontinuity between two fluid media of different 

densities, travelling at different velocities across each othe.r ". 
Such conditions prevail on the surface of the sea where the wind 
generates waves by traction across the interface oet~veen air and . 
water. 

~ Cf . · BruAt 9 · ' ·Phydos of -the At m<>s phsre ' 9 Gl azebrook 's Dictionary ot 
Applied Physics, ( London}s, 1923 , [69·] . Vol 0 III . p . 38 . 
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Jeffreys~. in investigating the relationship between wind 

and wave-velocities, concluded that the wind . can only supply 

energy to the waves so long as their velocity is less than that 
of the wind . Since wind-velocities, even in hurricane-force, 
do not run much above 100 mph! it' follows from Fig. 27 that, in 

d ep water, periodicities of orcUria.ry wind-generated waves canno t 

much exceed about 20 seconds. This is confi~med by the many 

.observations that have now been ma.de on ocean-waves and swell. . . . 

Vaughan Corniaht , who spent a lifetime making scientific observ­

ations of waYes in a11· .t,arts of the world, n·ever disc_overed 

visible waves above 22t t,econds in period:· comparatively rarel y · 

t_oo did he see waves of the order of 19 and 20 seconds . The l ong­
et:1t· period on '. record for a visible swell appe.ars to . be 26 seconds, 
experienced off the coast of :Engl and. For the most part v i s i ble 

waves and swel l have been · found to lie within the· .periodioi ty 
' . ·•' • . ~ange of from 5 to 15 seconds with the emphasis between 7 and 9 

. f' 
j ' 

seconds • · 

The heights to which.wind- waves attain have b e en found t o 

bear an approximate lineal relationship to the wind-speed , -but . 

le~th of fetch is also a £"actor influencing the height. Thom.as 
. t Stevenson in 1850 made observations in the Firth of For.th and the 

:wroray Firth, as well as on a fresh--water loch, in Scotl and, and 
_concluded that wave-height was proportional to the square root of ' 

the _ ~.ength of fetch .. His formula• 2A-=-1·5 ,/J for heigh-t in feet 
and -fetch, / , in mil • is still currently accepted as an 

. f Aadlt'Ional Notes to · Vauglian Comfafi's •Oeesn hves• _,{Cam6rl'dge}•i9~~ ~60l. ,, T ' Ooeaa \laves and Kbt.dred Geophye i oal Pheaomena' ,(Cambr1d~~},l$34, f6~Jt ·-. a lso •Waves or the Sea and Other Water Wa.vea' (London) 9 l9lO.ui1 ] 0 : . .. . : · 
l}· Cf. ·s iwell;' Besulta 0£ Research on S,frtace· ;Ja,res of' . the Western JorilL . Atlantto ' · • Paper in Physioal Oc,eanograp~ . and ],l,teorol:egj'. Jla.,ss-0 :.Inst.· . 'l'e.oh . &. W~ods Bole Oceano~nst. • 194T • [62], Vol 0 10, Mo~ 4J a lso BigeltM_ and -~dmondson-(l 0eo~te Pol05) 1 £~2).~p.2S-31a Sve~l'l!p• ~~bnson and. Flem_~g. -· . . ' The Ooeana' . (New York )_ .1942,[eaJ. Chap. XI V. · . · . - ·· · · ; · f L.a. (ante .P~ . ~1). Ls ] • pp~ 19-29. 
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empirical rule for estimating wave-heightsD and appears to agree 

with Cornish's observations. 

The general consensus of opinion now is that the vast 

majority of all waves in all parts of the oceans are not above 

12 feet in height and that the frequency of greater heights than 

this is only about 20~. As an indication of the relationships 

likely to prevail between wind-speed and wave-proportions, we 

reproduce below the table of Cornish, generalising his observa­

tions: 

Table I: Properties of Wind-Waves at Sea. 

Wind Speed \faTe Speed Period Wava-length Hei;ht Lenf;th-hei~ht 
mph. mpho 8808. f&A't feet Ratio 

C ?: 2A 
(1) ( Z)=O.B {l) ( 3)=~( 2) (4);il(3) ( s)--o. 1(1) (6) 

1 >• 
8 

31 · 25 7 250 22 . 1106 
35 26 8 330 2: 13.3 
42 33! ~i 470 ?. 16.0 so 40 670 35 19.0 59 41 930 

4~ '-206 68 54-j 15§- 1230 ~ · . 26.9 

In the intervening years since the author commenced hie 

studies of the Range problem, great attention has been concen­

trated on the subject of ocean-waves and swells. During the 

last war the forecasting of swells was an important prelude to 

invasion-landings and the study naturally received the full sup• 

port of military exigency. By means of sensitive recording ap­

paratus and new analytical techniques, swells arriving on the 

coasts of England have been traced back incredible distances to 
• c~. Barber and Urs&ll, ~The Generation and Propa~ation of Ocean WaTes 

and Swell', Ph!l. Trans. Roy.Soo.Lond 0 , Vol 0 240.,.1948, [64], pp~ 627-
560; also Barb&·r,'Ooea~ Haws and Swell', Doc"° lie Harb. All.thy,... .March 
194\f, f65], p 0 280; neaoon., 'Waves and Swell', Qual'"t. Jo Royo"'t 0 Soco, 
July 9 1949, (66], PPo 227°238. 
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their origins in storm-centres travelling across the lrorth or 

South Atlantic. '\fe propose to deal more fully with these find­

ings in a later part of this work, but for the present it is suf• 

ficient to say that they substantiate very largely the informa­

tion and deductions presented above. 

Once waves have escaped from a storm-centre where they 

have been under the domination of winds, they are propagated as 

smooth swells under. the influence of gravity and friotion only. 

The fact that swells are able to escape at all from their faster 

generating winds must, dl.f course, be ascribed to the gradual dis­

persion of the winds outwards across ooncentric isobars of the 

depressions, which are usually the focal points of genesis for 

waves, as also to the a.lower speeds (20-35 mph) of progression 

of these storms in comparison with those of the winds within 

them and of the waves. 

The warning which swells are able to give of the approach 

of storms is proverbial and in the British lales they have been 

known for generations as 'death-waves'. Jut in the South Atlantic 

where the islands of Ascension, St. Helena and Tristran da CUnha 

rise sheer from great depths of ocean, the swells reach their 

most impressive proportions. Webster• s account of them in 1829 

is classical• : 

" One of t he mois t 1nt er.es tin~ phenomena a t Ascension a. r e tha roll­
ers; in other words, a heavy swell produci~ a high surf on the leeward 
shores of the island 9 ocourrin~ without any apparent caysa. All is 
tranquil in the distance, the sea-breeze scarcely r1Pnles th~ surface 
o~ the water, when a high swelling wave is suddenly observed rolling 
t owards the island O Ai. f t rst it appears to movs slo 1. forward. t ill 
at length it breake on the outer reefs. Th~ swell then inerAases~ 
•ave urges on wa'f'9, until it reaehes the beach, wherP, it bursts wit}:t 
treJl8ndous fury." 

.. Afric ~ilot, {l.c, 0 ante p. 36) , [26], p. 

• 
. 

' 
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An interesting example of the extent to which swell can 
be the precursor of a storm oonoerns the Bermudas hurricane of 

:ci 
1639. rhe swell waa observed on the southern shores of the is-

ands three days before the arrival of the hurr:J.cane, and in­
creased in intenaity steadily ~ith the approach of the cyclone. 

40. Ground-Swells. 

Scott Russell referred to the Cape rollers as ground­
swells and waves of translation {pJl ), and· the implied meaning 
of this reference is clearly therefore to a wave that produces 
an oscillatory mass-movement of the water fro~ surface to sea-

....... bottom. Lacey ij defines a ground-swell as the product of wind-
waves generated in a distant part of the ocean: their effects, 
he says, penetrate to greater depths than ordinary waves, and on 
approaching shallo water they exert more powerful percussion­
effect on sea walls, while their backwash is more destructive 
to beaches. Elsewhere Lacey remarks 5 that they are usually ob­
served to set in after the lapse of strong winds. A somewhat 
similar observation is made by Mitchell i : 

ft ooootha long9 smooth undulations of~ hea.vy ground-swell, W"ith their enormous destructiva energy 9 ocourrin; as they did after a storm had abated and when the weather was perhap8 calm and fin~
9 were t he result of osoillationa which had baen gradually set up in tt large mass of the sea by the wind • '' 

While mariners and harbour engineers have always been 
conscious of ground=swells, the conception of their nature re­
mains rather nebulous. Scott Russell, for instance, considered 
the Cape rollers of 15 to 20 second periodicity to be ground-

Stevenson, (l.c.; ante p 0 ll), [5]. p. 21. 
t •sea. Waves', Doak & Harb.r. Auty,, 9 Jan.P 1942 11 (67], pp 0 45-48. " 'Ooean Swolla and Abnormal Tides '. Engineering, ·Octop 1937, rssL, PPo 406-6. 

Reply to discussion (1.oo ante p. 3), [1]
11 

p0 244
0 

..:........;......:......::___.:.,.. ___________ . 
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swella, as well he mightf since Fig. 2? sho~a that by the time 

they have entered 80 feet of water the bottom surge is 80,% of 

the surface movement. But how are we to align this fact with 

the observations of Mitchell and Lacey that ground-swell.a de­

velop after the lapse of windB and the abatement of a storm? 

Since ground-swells are necessarily long waves, should they not 

rather precede the wind than fol low j.n i ts ,nlce? If they a.re, 

in point of fact, wind-generated, as Lacey suggests, they must, 

in virtue of their greater velocities, ou trun both the wind and 

the ordinary swell and thus anticipate the latters' arrival. 

The recent work of Barber and Ursell~ahowa that the 15 to 25 

second swells definitely precede the shorter ones, their order 

of arrival being strictly in accordance with the theoretical 

dictates of their r elative apee~s. This anomaly must then await 

elucidation from our own investigations in the course of succeed­

ing pages. 

At this stage we may venture to o~fer an interpretation 

of a ground-swell as being any particular wave which within a 

depth of say 80 feet of water (in the precincts of a coast, bay 

or harbour), exhibits an oscillatory mass-movement of water of 

which the surge on the sea bottom is at least 80% of that at 

the surface. According to this definition all waves falling 

within the shaded zone to the left of the o.ao diagonal line 

of Fig. 27 will be ground-swells. 

As the discussions of Section 39 have revealed, 26 seconds 
appears to be the approximate upper limit of visible swells. 
The gradual diminution in magnitude of the swells as they ap­

proach this li~it is well portrayed in Barber and Ursell's wave 
spectra. Unfortunately the frequenoy · band of sensitivity of 

L.c. (ante p. 114) e f 64]. 

. 

' 
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tneir recording inst?'ument does not seem to have ·oeen wide enough 
to register swell-periodicities above 30 seconds and there is no 
evidence from this sourc~ of' still longer swells preceding the 
viaible ones. 1~e use of a pressure recorder on the sea bottom, 
in open water, ie in any case not the most satisfactory way of 
trying to measure e_x1;remely long ground-swells, since it is al ... 
mos~ certain that their negligible ,amplitude will produce no 
vertical pressure wor~h recording.· 

It seems that the existence of the invisible long waves 
of the sea, similar to those detected by ~orel and Chrystal in 
lakes, must be inferred from the embroidery on the marigrams of 
tine-gauges located at points where, through shelving ground and 
reflection, they can accumulate to measurable proportions. Re­
cently, however, (1948), an instrument has been brought into use 
at the end of the Scripps Oceanographic Institution's ?ier at 
La Jolla, California~, which, through special design 9 is able 
to detect wave periodicities up to 2b hours; but gives best . 
response to wave-periods between it ~inutes and 2t hours. Records 
so far obtained apparently prove the existence of c.omplex wave­
systems within these frequency-bands, but further details pave 
not yet come to the notice of the author. 

41. The Destructive Power of Ground-Swells. 

The accounts are legion of the havoc and destruction 
wrought by long waves in harbours and along coasts. The most 
dangerous gro·und-awells, visible and invisible, _ originate from 
the centres of the equatorial cyclonic storms. as has been proved 

!{l Munk. Inglesia.s & Folsom 11 'An l"Q.strum~nt f'or Reoording Ultra Low Frfll~Ult'!ncy Oeean WaTes' • Review of Scoinstru.~Vol.19 9 Oet 09 l948 9 f69]~ pp.654-658. t Some particulars have now been published in a paper by N.H 0 Munk; 
'Surf Beats' j Traas.Am.GeophysoUniono~Vol.30 9Deo 0 pl949~[125]ppp.849~854. 
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repeatedly by the subsequent devastating inundations marking the 

arrival of the cyclones themselves. If the track of an intense 

cyclone crosses a coast, as it sometimes does, the chances are 

that great waves of the character of seismic sea-waves will 

flood the shore. But even if the cyclone veers off from the 

land it will often send great waves rol l ing t owards the coast, 

capable of wreaking enormous damage. 

The Coromandel (east) coast of India is much subject 

in this way to the invasion of cyclones originating in the 
:it Gulf of Bengal. During the south-west monsoons of the ~ay 

period the cyclone-tracks swing no r thward clear of the land, 

but in the north-east monsoon period of October, the cyclone­

tracks are westward towards the coast and only swing north­

wards at a late stage. It has always heen a mystery why the 

shore-line along the Coromandel coast accretes with the south­

west monsoons and erodes with the north-east, but it is prob­

able that the explanation lies in the essel\.tially different 

character of the waves in the two seasons • .Mild and distant 

cyclones would give rise to weak ground-swells and short-period 

oscillatory waves whose forward momentum (p. 106) could be ex­

pected to occasion a sand-drift shorewards, while intense and 

proximate cyclones would generate strong ground-swells, whose 

powerful backwash could easily provide the denuding agency. 

The destructive nature of big waves experienced along 
/ 

the Californian coast of North America has been vividly des-

cribed by McEwen t and by Leypold i . - The latter has presented 

convincing arguments for associating severe beach-erosion 

Cf. Lacey 1,.,' The Coromandsl Coast · of South India.' , Doc~ & Harbr. Authy •r> 
Dec., 19'23, and Feb., 1944, [70], p. 181 e t Sflq. t 'Destruoti va High Wavl'Js along the Southern Cali forn11'1 Co1ts t •, Shore ,'1-
Beaoh, April., 1935, [71] ~ s 'California Seiches .and Phillipine Typhoons', Proc. United States 
NaTal Inst., Vol . 63, 1937, [72], pp. 775-788. 



there with coastal seiohes of the shorter-period types, devel­

oping from the long waves spread by Pacific typhoons and cy­

clones. 5000 miles away. That this is not as fantastic as it 

may seem, is now revealed. by the fact that \'leak ground .. swells, 

originating off Cape Horn, have been detected on the coasts of 
~ Britain, 6000 miles :rrom their source ·'. 

Wherever cyclonic storms and travelling depressions ar 

cradled into being over the wide expanses of oceans the story 

is the same. Off the east coast of ~adagascar the oyolone~ 

tracks run on a WeS.W. course but swing southward usually be­

fore they reach the coaata hurricanes play over the east and 

west coasts of Australia with t~e same directional sweep, and 

south-eastwards a.cross Cape Horn in South America. In the 

northern hemisphere the trend of hurricanes and typhoons is 

north-westwards .against the east coasts of America, Asia and 

India. ln higher latitudes the spawning grounds of the more 

coI1U1Jon travelling depressions are located near the barometric 

high-pressure belts over the oceans, and the directions of 
.P, 

travel are from west to east. As Lacey has shown, these 

cyclonic depressions, although much leaf! violent than the 

cyclones, hurricanes and typhoons of the equatorial regions, 

are capable of raising phenomenal waves and tides, and are a 

prolific source of ground-swells. 

42. The Connection between poean-Waves a.nd_Bange-Action. 

We now return to our basic enquiry as to which of the 

many possible ocean-waves are responsible for Range-action. 

The answer has been partly anticipated. by the contents of 

.iii L.c. (a.ttte p. 114) 9 [64] 9 P~ 550. . t 'A.bnormal Tides in the_ Thames', Engineering, Au~ 0 , 1936, l73), p.178; 
also l.e. (ante p. 116), [68]. 
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Cha:r; t er IV, but there remains to examine the records in li tera.­

ture of Range phenomenei. in other ports .. 

The earliest ref'erence that the author has been able t o 

trace comes from Thomae Stevenson~ in 1868, Who 9 in di scussing 

the natural causes which tend to prevent the silting up of har~ 

bour entranoea, remark~: 

" The ord i n8'ry w ve s produced by a ga le and th/3 'run 1 
0 wherever there 

is . ground-swell, a re, I t hink 0 t he agents which pos ses s al l the 
po\"l'era t hat are requi red .'' 

Although Stevenson apparently made no o t her special mention of 

'run', there was obviot.aly no doubt i n his mind of its depend­

ence on ground-S\Velle, as d.:i. s tin ct from ordinary waves • 
. ~. 

Cunningham in his \\fo 1·k of 1910 · makes no mer1tion of Run 

but refers to •acend' (often a synonymous term · for it) in h i s 

later book of 1918§. Here he points out the necessity for pro­

viding extra ~epth o~ wat er in harbours where Scend is troubl e­

some , to prevent ships from fouling the bottom. He quotes the 

caae of the s .. s . 'Cufic', which with a drr,.ught of 28 fee t foul e1.l 

sea bottom in a depth of 39 feet of water, whi le enteri ng Port 

Philip, near .Melbourne11 i n heavy a:vsll . 

The first really comprehensive r eferences to Range action 

are to be f ound in a aeries of papers on wave- action in ha.rbourB 

prepared as a sym~o:s.~ for discuss ion before the Institution of 

Civil Engineers, London, in 1919 t . In the second of these, 

Hind.ma.rah de-fines 'Range' aa sea-action, i n the third paper, 

Sandema.~ gives Range a more specific meaning. He proposes that 

the term should apply onl y to waves from the sea that have 

penetrated into a harbour, as distinct from short wind- waves 

* L.c. (ante p. 11 ) 11 [5 ]. 
. '( ' Dock Engi neering ' l) ( London ) , 1910 11 f74]. 

'3 fHarbour Engineering' 9 (London) 11 1918, [75]. + L.c. (anttt Po 3} l) [l],, PPo 178-~50 . 
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that have been whipped up inside the basins. Sandeman records 

that Range~waves from 6 to 24 in~hes in height with periods of 

from 40 seconds to 2t minutes were experienced in the harbour 

of 'Blyth, facing the l~orth Sea: the momentum imparted to heavy 
ship with sl~ck moorings had frequently proved sufficient to 

break steel hawsers up to 5 ins. in circumference. The first 

and the fourth papers describe the Korth Sea harbours of ~~itby 
and Sunderland respectively where the problems of Range had to 

a large extent been overcome by the construction of enveloping, 

outer breakwaters: their authors, Mitchell and Simpson, do not, 

however, attempt to define Range other than as an ingress ~f 

swell into the dock arease 

In the resulting discussion Sir Francis Sprigg gave as 

his interpretation of Range: 

" •••• the sur~in~ and shi~tin~. to and ~ro and r0tinrl ~bout. cf 
the deep solid body oP ~~tar in a harbour, duA to th~ r~neat~c 
access o~ swell from tha outside thrcu~h th~ ant!'1inc~. ~ mov~~ 
ment aeting so deep y as to carry ~ith it ha~vy V6SRels for a 
distanoe perhaps of' thra~ or four f'qet bo1lt'-'Plar~s or AtP-rn-"larrls 
tno or more timAs in & minut~, with a force which mi~ht aasily 
snap a 6-inoh wire line or 11 15-inch coir spring." 

Sprigg coneide~ed that the translatory nature of the swell in 

the shallower depths of a harbour would tend to raise the level 

of the enclosed water, which would be balanced by a.n outrunning 

current, perhaps in the lower half of the depth at the entrance. 

The result of this simultaneous inflow and outpour would be a 

surging movement of the mass of the enclosed water. He cited 

as an exaruple of this the movement that occurred in ~adras har-

bour: 
'Even in the enclosed 9-acre 'boat basin' at Madras ~ith its 80 

ft. ent::-a::.:;s and 12 f ·l.. dep'th9 s/4 mil fl in from tha 400 ft~ main har­
bour antr9.nce, the effeot of Range had 'h13~n most troublesome for a f6"f h".'lu:-s at 11 time 9 all the small era.ft ~rom his own dredgers down­
w~rd!t. tM.t had taken shelter in the ba.ain 9 being slowly moved about 
a foot or two forwards and backwards with a roroe that could with 
difficulty \)e withstuod ;;y th~· noceas11;.•i.,.y short lines and cables 
with wh.foh they had b 0<Jr. rwored; ·E..r.d all this with no waves to speak 
Of o II 

,, 
', 

.. · 

' 
,:_ 

; 

' 



Sprigg remarked further t hat Range of this charac ter occurred 
at Madras only during a couple of months of the year, and then 

:perhaps only on one or two days of those months. 

Mitchell in his reply to the dirncuasion introduced the 
idea of ground-swells being responaibl0 _for Range- action, as 

we have alraa~y record~d (p. 116 ). Hi~ further account of the 
phenomenon goes far towards explaining it. The whole body of 
water in a harbour, he contended, was gr.adually set in oscil­
l a t i on by the impression on the entrance, in regul a r pul s es, 
of eno rmous quantities of energy derived from the incoming 
waves. In many harbours there would p~obably be more than one 
peri od of osci llation , t he periods depending on the volumes of 
the water-ma eses9 t hei r shape in pl an and section. Amplitudes 
would depend on t he energy-input and fri ction- l osses and the 
degree to which t he period of swing agre ed wi ·th t hat of the 
entering waves . Although l,Ci tohell r efers t o the work done on 
analogous . oscillations in wel l - known l akes , and was thus the 
only harbour engineer among the many prominent men taking part 
in the discussions to be aware of the phenomenon of seiches, 
he does not actually introduce this term • 

• 
The positive connection between coastal seiches and 

Range-action was established experiment ally in 1935 by Baril­
lon in respect of the harbour of Tar.uatave on the east coast 
of 1Iadagascar. Here ships were found to break their moorings 
by responding to strong surges with a periodicity of the order 
of a minute, when the visible swell out in the roads·tead had a 
period of only about 10 seconds. ·on constructing a model of 
the bay and harbour Barillon found that by impressing upon it 
paddle-generated swells of certain periods, resonant oscilla­
tions could be induceQ alongside the quays. These resonant 

'Mouvement de Seiche dans une 13aie', Rev. Gen. de l'Hydn.uli.que. Jan.
9 1938. (76], pp. ~76. 
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frequencies seemed to be related to each other and were not 

altogether dissimilar from the calculated critical modes of 

oscillation for the bay of ·rama.tave, regarded as a eemi~coni­

cal canal open to the eea at its wide extremity. Sofar as is 

known this was the firat practical demonstration by model of 

·11ia type of problem .. Barillon had been led to this line of 

investigation by vefant's account of sea-vibrations and of 

the work of Chrystal and Forel. Barillon~s studies were in­

complete, hov,ever, and required substantiation from actual 

prototype measurements. 

lf Rarillon'e was the first model-study to be made of 

the Range-phenomenon, it is certain that at that time the 
~ . probleD'J was already well understood by Leypoldt and others 

ln Amerjca. Most of the large harbours along the Californian 

ooast exhibited the marigram-embroidery, characteristic of 

Ranget and a certain amount of trouble had been experienced 

in the mooring of ships. rne first experimental study of 
Range to be undertaken in the United States (Los /oogeles 

Harbour) appears to have been initiated at about the same 

time as the author commenced his researches at Cape Tovn. 

Uodel investigations were undertaken at the California In­

stitute of Technology, Pasadena, under the direction of 

Professor Knapp, and also more comprehensively at the Vi.oka­

burg Engineering Experiment Station. Since that time a great 

many more model-studies of wave and surge problems have been 

instituted at Vicksburg in connection with Anaheim Ray and 
Q'I. Uonterey Harbour, California, and the Midway Islands• Hawaii ' . 

* L.o . (ante p 0 1!9) . [7~]; also 'San Francisco Bay Tides'• Proc. U.S. 
Naval Institute, Vol. 65, 19~9. [77], pp. 1210-1276. t Hydraulic Research in the United Stat.es, U, S.Dept. of Commerce, (Wash-
ington), Vol. XI, 1947 9 [78] . pp. 85, 86, 89. · 



The special difficulties encountered at Los Angel~s as a re­

sult of Range are described by Leypold in a discussion on a 

paper by ~dwards and Soucek, dealing with surges in the Panama 

Canal* : 

" In Los Angeles Harbor II numerous oontin.uot\s seiehP-8 occur. Those with 
rel tively long periods haTe little or no effect on 3hip maneuv~ring. 
whereas the short eriod seiohas are a sario~s pr blem, eepecially n 
the naval base ~rea wher~ caisson gat~s for gr~vi g doc~s must be fitt~r 
into r th r small key.'IIS.ys during the closing operation. The surgas 
aecompa.nying the s ichP-B 9 with their rap1d dir~ct on rP,versal. niake the 
locking oper tion difficult.'' 

Earlier Leypold accounted for these phenomena by saying that 

'' Seiohes in nature are produo19d chiefly by dif'fi,renoes in b111.rometric 
press~re on water surfaces iu the ame osoill~t i g are , or by tidal 
effects." 

Mr. George Stewart of the University of Cape Town an­

ticipated the official inve.atigation of the South J.frican Rail­

ways and Harbours by constructing in 1941/42 a small, but use­

ful, model of rable Ray Harbour for the purposes of studying 

the Range-problem. Although Stewart succeeded in reproducing 

the phenomenon in his model, his findingst do not reveal either 

a very deep study or a full understanding of the problem, and 

his conclusion that swell and !!.Q.! .!!.! is the cause of Range 

requires qualifying. 

The author had the opportunity of seeing Stewart's 

model in action in June, 1942, and cannot but concede that, 

whatever the failings of the model itself, it was nevertheless 

able to demonstrate the fundamental action that ensues. This 

action was very similar to that described by Sprigg and Mitch~ 

ell (pp. 122-:-3) and was initiated by the formation of a multi­

nodal seiche between the breakwater and the shore (Fig. 2) • 

. Differences of level bet«een the water surfaces inside and 

outside the basins caused the flux, referred to by Mitchell 
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1impressed 
a s tile pulsating stimulant, which, if' the! periodicity was of 

the same order a.s the natural frequency for the basin, induced 

a sympathetic oscillation of the enclosed body o water. 

From various verl>al accounts that the author h s recej.ved 

from time to time, it would sJem that the Range phenomenon is 

common to many of' the ports on the east coast of New Zeal&nd 

and ·the west coast of Australia, and everi to the Black Sea pert 

of Ba.tum. 

There has also come to the author• s notice - too late 

for adequate study unfortunately - the comprehensive aeries of 

papers presented at the 17th International Navigation Congress 

at Lisbon in 1949, dealing with the penetration of waves and 

sells into harbours. From these it is apparent that most of 

the ports of Chile, notably Santo Antoniot Iquique, Antofagasta, 

and Valparaiso, are afflicted with rather serious Range-troubl -~ 

which necessitate ships leaving the quays on occasion ~. Sig­

nificantly these are attributed to cyclonic storms over th 

Pacific. The conditions of resonance in harbours are studied 

by hlessrs. Ir:dbarren Cavanilles and Nogales Olano with refer­

ence to several arbours on the coasts of Spain. The paper of' 
~ 

Aneoasia, dealing with ?ortugal's harbour of Leixoes (Porto), 

is of special interest, however, in that it reproduces mari­

grams for three points along the Portuguese seaboard, Leixoes, 

Lagos and Casoais, all of which show the typical embroidery of 

seiches caused by invisible ground-swells. 

43. Digest of Curr nt Knowledge about R!¥18e. 

In this and the last chapter we have attempted to trace 

such information as is extant about the phenomenon of the sea 
Report by Orego and Santander!> Communication 4, 11th lnternl .NI\V0 

Congr., Lisbon, 1949. (Bru.ssela), f8l] 0 pp. 23-30. 
'Protection des Ports', (1b1do) 9 [82], pPo 09-77. 

; 'Le Port de Leixoes (Portugal)'P (ibid.) 9 [83), pp. 186-200. 
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known variously as qange, or Run, in the British Commonwealtl, 

Surge in the United States, and 'Ressao', or surf, in ~rope. 

There seema no longer any doubt but that Range, or Run, 

in harbours is the result ot seiches or standing. waves peculi~ 

ar to the special shape and depth of harbour-basins, of bights 

and of bays and even of e.ubmarine canyons flanking the neigh­

bouring coast-line itself. 

The seiches are engendered by the reflections of incom­

ing trains of waves or, alternatively, by the . superposition 

locally of barometric fluctuations of quasi-periodic natur, 

and possibly by a combination of both, since intense winds and 

storms that blow home to a port are inevitably intrusions of 

atmospheric commotion. 

There ie now definite evidence that barometric disturb­

ances over the oceans, in the form of cyclonic depressions in 

the high-pressure or polar-front regions, or their more vio­

lent counterparts such as cyclones. hurricanes and tYJ>hoons 

in the equatorial regions, give rise, not only to visible 

wind-waves and swells, but also to invisible ground-swells of 

great lengths, capable or travelling vast distances without 

change of form other than arises from shelving ground. Similar 

waTe-trains may be oaused by seismic upheavals, earthquakes, 

or tremors of terrestrial or submarine origin~ but their inci­

dence from this source is very much more sporadic. 

These complex wave-trains contain waves of all periodic­

ities and wave-lengths of which the longer ones precede the 

shorter. As with the ripples made by a atone falling into 

water, the long waves are of small height while the shorter 

waves carry more elevation. From this assortment, the submar­

ine canyon, the bay, the bight, or the harbour-basin selects 

those waves whose periodicities most nearly agree with its 

own natural frequencies of oscillation, and under their 



' 
. 

' 

128. 

stimulus gives asylum t o the various multinodal seiches to 

hi hit is attuned. 

Since a seiche constitutes a mass-movement of the hole 

body of water in an oscillating area, in which every particle 

of water moves synchronously with the same period and phas as 

every other particle, it is understandable how ships are ad­

versely affected at quays where the boundary co·ndi tions are un­

favourable and the movement is strong. The flux and reflux 

through basin-entranoea9 which is so characteristic of Range 

and gives rise to· the term Run, ie the necessary mode of im­

pulsion whereby the external seiohe or ground-swell communi­

cates the o oillations to the inner basins. 

Yost of the harbours of the world are affected to some 

degree or other by the Range-phenomenon. Jherever the troubles 

are particularly severe it is noteworthy that the harbours 

front on wide expanses of ocean within the equatorial or polar­

front belts, where travelling depressions or cyclones converge 

towards the harbours concerned. 
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The rnformatioi. gtv~m in ·che la.st. two cnapters was 

gl'9aneec. elow.:.y over the y·e'lrs during which the research WP 

in progress a.t Cape Town, and oon..,ti tu tea c::l:moat a complete, 

generalised explanation of the Range-phenoznenon .. The benefit 

of this undet·standing was, however, not wholly available tc 

the author, for,. al ·chc ugh the majn features of the phenomenon 

11ere recognized at an earl.,r stage, cei.--tain aspects which ha.v-e 

hecome clearer in the light of publications since cor sul tedf 

were still enigmatic at that time. 

When the a.u tho1· took up residence at Cape Town in Lii.s.y, 

1943, he was not yet n.ware, for instance, of Chrystal'H work 

on seiches in the Sco·tish lochs, and for some time to come, 

owing to the h e'avy 1ieL1a.nda of modt,1-denigning and Range~meas 

uring, he was unBble ,;o follow th- s important atudy. Chrysc 

ta..:.' s · 0iscovery of a. cU.rect connection between ama.ll baromet= 

-ric fluctua.tione and lake-se1ches wa~ in th.is way unknown -co 

the autho:r until afte"".' he ha.d blundered. independently on tre 

same conclusion. .wiuch the same sort of thing happened in re­

spect of the use of g1aphical methods for charting wave-prc­

pagation which were devised to meet an exigency, as will be 

recounted, when unbeknown to the author at th~ time, similar 

methods had already been employed some years earlier. These 

are perhaps unfortunate examples of duplicated effort~ but in 

the comp&lling circumatancca in which the author had to wo rk, 

•i m y irons in t he f ir~, J l ~ ~, 
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literatul'G, a.a a.l'ld wher ti:rr;.e v1:n:·m1tted of th ir study. 

p~·ofi tabl6" i: 1..-. borio~s 

m,aans cf' surveying the probl ·- a.a a hule et t~' e beftinning, ·, ,. 

F r that vurp :..,Id the bt:.Gii; elemeni:.o of J[,t ·"'r ·c. e reovrd.· ... on 

the pot by oelf- .. :egia" ering in ·na·u.me~ts.. 11Jin o ir1 the dock 

' rea were recorded on e. Dines Anemo.met ·,:r at the Louk-out St t.:. .,"' 
on the. s-um:wi. -a; of the GI ain-~levetor" , t a a~·iproximate al tit ·d; 

o:t" : 50 feet ebov - sea-level~ i3aromei.;rj c i: r"3asure w c re(sis te · .... ' 

ini tia.ily on an o~~dina1·y 8-du.y barograph, bl t: 11 ' Lt r, on a mo 

aenui ti·ve instrument with · ~ider prcsaUH!'"sca.le. 'famuereturea 

were measured on an 8-d.ay ·the:r.mogr13.ph r,.rovide(l wit~t 30 :t"e,Jt of 

mereury-i~-steel, protected tu.'b:il g cor:nrnteii t,, an e:-.:p~al.lre 

plate, which enabl ed the inotruruer.t to be k~pt 1n arl ofric 

while its t.ntacle was exposed. to ahad ..... d atmcaph.ere _tUt&iu.s. 

·J:Dt1eE1e la.st·mentioned instrmnents w ··ii3 located i.i: th_ author ·~ 

office at the. Rru.1ge Laboratcry~ Ta: le lay :-h:rbour, at an approJ~> 
' 

ima.te elevation of 50 feet abov .: sae··1ev·e:!.. ..lig . 28 showa ia 

corner of he officG where ~,e inatrdilents were placedi two 

Lea sel f-recording tide-gau: e1 are to be aeen fL.:ed to the wal:. 

en t·1e righ -hand-side of the ph<.,togr"'1n, o"' t:hj.ch however on y 

one was ever in ope~ation. 

In Section 21 (p,. 63) 1J1e :re.ma:r::ed on the usefulness of 

the L ge tide;_gauge in t':ie Alfred Basin as an bidex of Range= 

action. In point of fa.ot, however, the ..;:.ege gauge was able ·to· 

regi t ei- only suo:ti seiches as ·had a periodicity great r than 

about 4 minuteo and was insensiti ~ to the :more troublesome vi .. 

bra tions of h i ghe r f r equency , owing to i t s pos i t i on a t the dead­

end of a chain of basins. The Lea tide-gauge in th ~noa.n Be- · 

sin:i on the other hand, was e.x;po~ed to the commotion i n a. l.argc 



basin linking directly with the seao 1".ae marigrams from this 

gauge accordingly gave~ on oucaaiong a denser embroideryi pat­

terning the seiohee in the 1)uncan :t>ock .. As an index of Range 

of ':.he troublesome kine 11 there,fores, the Lea·~record.er was still 

more usefult and had U.e added. advantage cf renmte=control op­

eration. In thia respect it was a conside1able boon, since in· 

eta:'.lation of the autogra.phic_ unit in the author' a office, 

( which was far from the docks), enabled the j_ncidence and de­

velopment of Range-action to be watched and checked against 

meteorological conditions. 

As might be expected of a uniformly rectangular basin, 

the )unoan i)ook had two principal modes of oscillation, longi= 

tudinal and transverse, and tne Lea tide-gauge waa by cha.nee 

favourably positione~ to record both, (Fig. 4). Tne marigrams 

tended to show therefore mainly a combination of these two 

aeiches • .and their individual amplitudes were used in the plot­

ting of Range-conditions on the later diagrams of the type of 

Fi g s . 14, 15 and 16. 

Refe rring to Fi g. 14b, it will be noted there a.re given, 

from the bottom of the diagra.111 upwards, the wind-velocity, wind­

direction, amplitude of oacillationo (blue in the Duncan Easinv , 

red in the Alfred Ba.sin), tidal range ba.ron.etric pressure, peri­

odicity of oscillatione,, and fina:lly temperature; all this in 

respect of Table Bay Harbour. Fig. 14 happens to contain also 

a cowparison of corresponding data. for Port Elizabeth Harbour. 

The meaning of the diagram will become clear if we con­

sider the conditions prevailing on any particular day, say june 

21st, 194S, (Fig. 14b). At zero-hour the wind was blowing with 

a.n average velocity of 28 mphi with fluctuations between 8 end 

46 mph limits, froll1 due west. A longitudinal oscillation in the 

JUnca.n Rasin of 1 inoh amplitude and from 4.3 to 5 . 5 minutes 

period was i n process of dying down (full line, blue zone): a 

transverse oscillation was co-existent, of a1uplitude 3 inches 

and period about 1.8 minutes (dash-line, blue zone ). I n the 
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Alfred Basin a of minu t e s eiche was sti l l at its peak amnlitude 

of 6 °6 i nches (dash-line, r ed zo11c) :i while a lOlt minute one had 

decli:n~J. to an am:pli tuc.te cf at inches ( full line, red zone). .\t 

that tirue it was neap tide at the flood, level being 5 feet a­

bove 1 oW. OaS.Te Barometric pressure stood at 29.85 ins. and 

was droptJing sharply, while air ten1pera.ture was 570F and had 

been fairly ste3dy fo~ the previous 24 hours, indicating over­

cast and probably rainy weather .. 

During the next 24 hours of that day, the wind after 

blowing more etrongly f"or a bj t, died away completely and veered 

to south-east. Tra.nsverse oscillation in the Duncan lOock became 

more subdued,, while longitudinal oscillation increased in the 

~fterno~n. Surge in the Alfred Basin meanwhile declined steadi­

ly- Long-period aeiches made thelliselves apparent from 6 hours 

()nward ( vide oirolea). 'rhe amplitudes of these were of the 

~Tder of 3 ins. or less, and periodicities apparent were 20.6, 

23-7, l8a4 and 60 minutes in the Duncan ~asin (blue circles) 

and 60 minutes in th~ Alfred Ba.sin (red oiroles). Mean sea­

.level rose slightly labout? ins.) above its average of 3 ft. 

above L.w.o.s.T. ~1ith the pa.aaage of the travelling depression 

which b~ought the barometric pressure down to its lowest Talue 
' 

of 29. 72 :lne. at about 6 hou.ra, after which pressure rose 

sharply a.ga.:i..n. The te:.1.i_perature dropped sharply to 530F. ro'.ina-

ab~ut n()on wi.th tb~ oro~sing of the depreaston over Cape Town, 

. and then rcf!e qtdckly £\gain to 60° a.t 16 hourss from which 

By fc,llowir1g these gre.phf:! tn thj.fl W!:.y e. ~omplete piotu.r e 

c.,f ~.J.l the ciroun:,.~t&r,.cef} nv.rround:tng the o.ev~l.opment or Range 

at any stagt: cM. be ne;en in. retrc;epect.. At this e,ta.g~ we 

uhalJ. do no more than expltin tb.e :tnter.pretaticm of Figs. 14 

iu1ci 15i.- rmd. le&V6 the deto.iled e~n.mination ~f th~.ni to I! later 

pa1·t of thi6 work,. wher. further f.n~t.r. ar~ a.t, ou.r c~m.mand. .. 
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is e7io..tmt: between t\.a amp ftu<ie of the 5-~ minu·i;e surges in th 
Alfred Basin and the longitudinal and transverse s~ichea ·in the 
Duncan Basin: this it1 dep~ated in Fig . 29" We find h0re, how­
sver, a di·vergent scattering of plott,ud points with increase of 
wnpli tu.des, impl;y-ing a \'fide range of possible condi tiona . A 
surge of 10 ins. ampli.tude in the :A,l:fred Ba.sin~ for instance , 
could, it ~ee:w.sll he accompanied by a transverse seichs in the 
June an :aaaj_n of any th:! ng from · 2 to 7l in5. am:pli tude, and a 
longitudinal one of from l} to 5 ins. amplitude . 
46. The @bro ide;,;:,.y_g.t_ the Le}1,.::,~ge ,. rigr·au;_s. 

Range-oondi tiona ir1 the Dunca..vi Basin a.re, on the whol e, 
well reflected by the embroidery on the marigrams of the Lea 
tide- gauge~ Specific examples are given in Figs . 30 to 42 from 
which it will be seen that cer-ta.in oscillations are clearl y 1-
dentifiab1-, notably ·,he longitudinal and transverse ssiches. 
J'ust how we divine that particular o cilla.tions.a.re an indica­
tion of such aeichea will be disclosed in a later section of 
this chapter·. The limi ta.tions of . these marigrru:ns lie in th ir 
constricted ·time-soaleo which hides any oaoillations of short er 
period than .about lt minu teB . Evidence of possible multi~nodal 
seiche~ in the Dur:ca..~ Bas i n muat therefore be dought in the 
records of the seiahometera, whioh we 3hall consider in due 
course, but, jn the interim, information of very considerabl e· 
interest and value may be gathered. from a study of' the Lea.­
gauge ma.rigramB. 

We _present in Table I! the appa.ren t pf;:riodici ties and 
amplitudes _of oonapicuous oscillations in the Duncan Basin , ob­
tained from these marigrams for the yaars 1940 to 1945. Seiches 

i of the order of' 19 and 20 minutes and longer periods have not 
been included in the tabul ation, which merely aims at br i nging 
t o light fundamen tal changes in. o~rtai n periodicities. 



134 • 

. t.~~r· .... ~-" ,., 1 .... ~ ... ,~ ;),J .... ~1uc~:L }_;1't1.vtlB ix1 J'i::,.<~.l~/_:-~, ti·.~ _.J' -~'\t/·"11 .... ~··---~---··~-,__-.,.--·~---~·.,..:.,a,. . ......_ .,_~·- . .,:,:;,,.,.~•~"~~--_.........,._._._::v~"'~.,_._~--..:r-,~~-""- •-··· - ,- •.~ . ......_ .,_... __ ~ 

·~ h. :{, :1 .. • :.~ :( /" ,:, .# '. ·:: ,·~ 

( ·:;, '"'-·~:r,I" ::si.:,_.'::,, ,, ) 

I(, 

~· 'il~it·y pt.I'M l'J!!:1fol~ltl:1; p1J~ioci ;£ &.,;at..n:~ to1y dtrt~x·"'i~.e.d <> ~r L®~ ~fi'Cl~~;I ~(~,,x~i t!""W}n.;{ fti;.1.~ :t. S~f} '.:tlJ~h~~ (;\1"~)Jt·dt.J.!2at;:},:J;:(1 ~~?it~\. •;t;fi::.li L /'".'~ i\!1ilrr~ .. t't1 ~k.6 ~J1,t;r.; 
f'loa~ lila1,. H:a~ :c;·;<;.,ii.1 "<;;1,;J (:<.lf(,; U!t.•J!·i~H.: b!,u ¢ 



1:,5. 
T~hle II (contde) I 

I • I 
1943 July l I 4.16 6 l .. 62 I ~ ' Co.mpiegne • & 

t:~ 3 j 
9 Mari t ll'(p.?.7 ~.) ,6. 40 I ;l lo7b 3 titub-berthe. 

4o3l 'P)r j 
J ~? juo86 I 2 3 1.,87 r.. 0 

I I . I 
Sept.I 1·· 

I - I ... 4o38 ti l b 1086 9 
Pct. 

I 

4 67 
I 

f> 4 - I "" .. -
1944 ~ay l "' 

I 
... 4o28 6 1080 7} 

12 .. - 4o3B I 3 - ... 
I.June ti-6 - i - i.~9 4}- 1,/,.) 4} 

2i ~ I 4 . 00 i J 1~86 I 6 - ~· 
'I -r-- I ' l 28 ... I "" 4o50 4 1"' fl? I 6 
·1 

July j 18 I .. ! "" 4 14 ,11 1.,1'~ I 4 
I 

I 
I 

4029 * I i 5 Aug. ,~ = I - 4 1.82 -
i 4! I 

5· I - +:- I 4002 1 o 't'7 I 
I I -.-~fov .. 6 I ... 

I 
C> 4o34 7 lo67 6 

8 ... ""' 4.,31 6 1.,76 9 

18 !)c90 4j· 4 0 43 4t l.,b2 I 1 
I Jee. 3 - "" .\ . 22 6 l.6J 8 

4oJ3 6 
-\., 6 4 6 -I 

i I i1..,26 I 1945 lhiay 18 ... ... 2 le67 3 

r·93 I 2 I I ?·t 1 Eg~rlock' ~9 4.2.a 3 1.nzj at; J 
4.07 ,i} l .. l:1?' 41" & • .Kosciuezko' at 

5. ;,; ,* 3 
! --1-- - I rl-hert.hs bwnpingc 

crune r~ ~.67 u .. - - ~ -~oOO '2! 
!Jo ff erJ..::).Ul at e.n 

- ,,___ __ 
3-4 5,.89 3 

4 . JC 12 ~]~, 
t ~nee St rrock 

.. cc 1 1. -~9 lt ._;.:raving Jock in 
~,..?:?, 2 4 e 34 lft" proce s of bein 

,-- - removed 
g 

5 ~ i= I 1,..13 i 3 l,. 'i? I ·.c 
'"' --- ·- I I --,---

9 
~.oo Ll r· 6 I ti l.E~_:_ 5 1

• 45 J 4e0? 
' . -

' 19-~} ~.56 3 Jo87 3 loe? i 6 
:., Q .30 ~ lo r;7 6 

·;· . ~l 4 G o,.lJ I 3 
.~ 

- J - l.ti? i tJ .. .. -I I 
23-4 ~ 66 4 - "' 1.6G I 4~ o.,68 ~ 5.60 I 

l I 



'fab 

l 

"' 

r 
5 I l y I 5 

136. 

rrr.,.1111,w, ~•"'•-.,1 11h 1,•'°• ~ • ., .. ~ -<i.J 'I ~,.,...,...,_ 3 

I o eti 
e'7 

~ ~ - U(l) t'\l"'~ 
Ube. '(.pn 21 ) • 
· be r th~ 

'fha r~<3s? should ~g .o•titfa,ud -a~&.cine/c h0li19wfr1~ i lf!.t.t 1;h~ •i:.001t~?' o f 
iDCid~86 of !angli,) "'°ortilijld .:A.ii thia '(lsbllil h ;;i.,, i rJdio1;d,io:i'..\ of' ·,;~ 
f?\111.1!:i~JOY or ooou.rr0n<.)t; of' ·~!'!~ ph~l2.oma,non .. "'?1..-~ ~eb,!.1°•t;,a!S $.~srt,.;oo;.,r; &\ .z 
Ot\ly ~n~s~ntar,t1i.T~, ax~1 -.fll@$:2·ou~ t1eour1\e;,lr,tJ~~ ha?,,;; no"c !He,,, ii'©,H':IX-il@d 
~~~~ , ~ r..L 



• 

137 .. 

This table records two longitudinal aeiehes of rather 

wid~ly different periodicities, which may seem inoompreheneible
0 

For a long time this t'aot was not undersd;ood by the author until 

he realized that the lung of water enclosed by the reclamation 

works, during construction of the Duncan Dock, was a factor in 

the situation. During 1940 a..."'ld. 1941 and body of water sealed 

ort from the bay by the J~astern Mole he.d something of tbe shape 

of a clover-leaf {Fig. 10). 1'1.:ie shorter-period oscillation of 

the two longitudinal seiohes tabulated was the particular mode 

resulting from the simultaneous flapping of the three petals of 

the olover-leaf in opposition ·to a riaa=and.-fa.11 of the stem or 

junction point, in the ·vicini·ty of what ·were later to be J and 

K berths. 

Table II needs to be read. in oonjurwtion with the diagr.ams 

of Fig. 10, from ·which it will be noticed that the main longi­

tudinal oscillation had a very much longer period in 1940•41 

than sub3equently, in conformity with the greater length of the 

basin in those years. The persistence of the 4.3 minute (aver­

age) aeiohe even after the sealing off of the reclamation-la­

goon 1n the 1944 period. is matter for further examination by 

analytical means. It is curious, too, that in 1944 there should 

have been an almost en tire absence of the main longi tudina.l 

aeiche, whioh, however, re-asserted itself in 1945. 

The secondary-longitudinal, or diagonal, seiche obvi­

ously underwent a radical change from about the middle of June, 

1945, onwards, from which time it became very aporadio in oc­

currence. !'ts periodioity, it will be noticed, f'ell to almost 

the exact double of the transverse seiche, a cirou.mstance, 

whioh. as we shall see later, accords with a mode of oaoilla= 

tion of the mass of water just opposite the entrance of the 

Dunoa.n ~asin, in which the node liea in the entrance. 

The periodicities of th~ transverse oscillation between 

A and B berthe are the only ones to remain constant (within 
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limits) over the :fears, but the range of this oscillation was 

obviously considerably reduced by the ~aduotion o~ the &ntrance­

width from ?50 to 400 feet in 1940 (ct. p~ ~1)& The greatest 

range thereafter in the worst year of 1941 was only 2/3 o~ 

· what it had been. In the years after 1942 the magnitude of 

the transverse se:i.che fall away considerably to the extent of' . 

a further 25%, but this was undoubtedly due to changes in the 

weather rat.her tha.n influences f rom the far·~end of' the dock. 

A point of significance to whioh we would oall attention, 

is the absence~ on occasion, of one or other or the possible 

modes of oscillation. On August 10, 1940, for example, the 

main longitudinal seiche was absent, whereas on August 9, 1941, 

it was the only one present. All this subscribes to the oon­

oeption of wave-trains being the oauee of excitation, frOll\ 

which traine at different times one or other of the stimulating 

ground-swells are absent or subdued9 

47. Reproductions of Lea-_gauge b:arigram_!L. 

The value of the Lea-gauge marigrams as an index of the 

Range conditions increased in proportion a.s the mystery of the 

Range phenomenon was unravelled .. The autl1o:r became entirely 

dependent upon them to know when to set out the portable seioh 0 

ometers and when to make an inspection of the harbour. ~'hile 

the seichometere served the very useful purpose of determining 

what types of oscillations were simultaneously in existence in 

various parts of the harbour~ both inside and out, they had 

usually to be plaoed in operation when it waa known that Range 

had already developed, and seldom in antieipa·tion of the dis­

turbances. The Lea-gauge. on the other hand, while less sensi­

tive. was particularly valuable in that it provided an unbroken 

record o~ the sequence of any occurrence of Range-aotion, and 

also a means of examining conditions in the past, ae exampled 

in Table II. 
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1'ypioa.1 examples of Lea-gauge marigrruns, f'rom which sm:1~ 

of' the data of 'l'abl,a II ~as extracted11 era g:tvi~n in F1.gs. 30 t 

42 ~ l'he ob·vioua reduction in ;;;he overall ma,g"li tude o:i..' the em~ 

bro:idery oonsequen't on the narro·eVit1.g of t.\'!.e ;)uJ:HHil.n "i3&o.l.n eri t:i.."anoe 

ie noticeable when Figae 30 ~.nd 31 cf the 19~J yeriod are oom­

pa1·eC: with F:l.gso 32 to 420 Ji1ig .. 40 ahov.'s 1elB!C.i1rel small oe­

cills.tiona, in spite of which the ~ Ar.ma Howard. Shaw' at D··oe.ctho 

not far from the Lea-ga1-..ge, b:.:oke h.er. stern. mcioringb as d.eao1·ib·3d 

ln Sectio:o 6 (p. 27): this happened on the :n.tght of ,Tuly 30t,hil 

1945, when the embroider·y on ths ms.ri.gre..m ll'!'as particularly 

dense, and therefore suggestive of even shcrter-I,el"iod oscii..la­

tiona than the normal 1 c 8 mi:.m te tranevtirsei sciu,10.. Figs" 30 o 

32, and 33 may also ba rte lated to ahipp:.ng t:u,,ub1.sis as sllo\Yl1 

in Table II and deecribed in Section 6e F:l..g •• j4 represents 

the oondi tiona prevailing during the early hou:rb ui' 3e:i,l i~b~r 

15th, 1943~--the day on which the aerial photographs were taken 

(p. 1'8 ) .. Figs. 36 to 39 prove thst Rai'lge action is not necas­

sa,rily a feature only of the winter months: local storm condi­

tions were entirely absent on all these occasions. 

Still other examples of marigrame on Range-occasions 

will be given when ,ve com:e to consider the qu~e-tion o'f the ori­

gin o'f Range. 

j8. The Reco!,iis of the Saichometers. 

The individual seichograms of the type of Fig9 20, ob­

tained from the seven portable eeichometers,i were syrrchroniaed 

by plotting their traces on a common diagram ae in Figa. 43 to 

53. ~ very large nuruber of additional records were obtained~ 

especially during the years 1943 and 1944, but owing to lack 

~f adequate asaietanoe it was found impogsible to reduce them 

all. Figs. 43 to 53 represent perhaps the best of the eeicho­

grams secured and will aerve to illustrate the types of condi­

tions that oan prevail. 
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In eaoh of these figures a small inset diagram re~lects 

the general meteorological conditions existing over a period of 

days immediately preceding, following and overlapping the day 

upon which the aeiohogre.ma were obtained. It will be noted, as 

we have remarked before, that in nearly every oase an obvious 

barometric depression precedes or accompanies the disturbances. 

Figs. 43 and 44 invite comparison. 1Uthough recordings 

for stations 11 and 17 are the only two common to these two 

oharts, there is nevertheless an obvious difference in the 

traoes, which in Fig. 44 are completely lacking the £iner frills. 

Figs. 4b and 46 oan be compared in the same way. If there is 

any essential difrerence that we can note between the meteoro­

logical conditions accompanying these manifestations, it is 

that the wind was of low velocity and blowing steadily with a 

minimum of fluctuation on the two ocoasione when the high­

frequency oscillations were absent, whereas its fluctuations 

oovered a ~airly wide rB.nge on the other two occasions when the 

oaoillations were present. This seems to confirm Chrystal 1 s 

~inding of the dependence of lake-vibrations upon the wind 

(p • . 92. . ) , but vre shall not at this stage drs.w any conclusion 

about this, and shall leave the subject to more exaoting scru­

tiny further on. 

Figs. 44 and 46 are particularly interesting insofar ae 

they show the underlying long-period seichee which tend to ex­

ist in th~ oscillating area immediately outside the harbour­

basins. Fig. 44 gives the rise•and•tall of water at seven 

stations along the outside of the Victoria Basin and the ~ast­

ern aole, defining one boundary of the quasi-oscillating basin 

contained between the breakwater and the shore (Fig. 4). The 

seiahograma for stations land 19, at opposite ends of this 

oeoillating basin reveal some shorter-period undulations than 

are apparent in the traces at stations 11 and 15. !u.though 

they are frequently interfered with by the longer-period 
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undulations, nevertheless their periodicity oan be inferred 

as being of the order of lot or 11 minutes. If we examine the 

relative phase of these oscillations at stations land 19 we 

find that they are exactly opposed, the water falling at one 

station when it is rising at the other. This, coupled with the 

fact that the undulations diminish in m12gnitude in the traces 

of the intervening stations, establishes theni as being the uni­

nodal seiche between the breakwater and the shore. 

Since the mouth of the Victoria Basin lies at the anti­

node or loop-end of the 11 minute seiche, we are at once en­

lightened as to the cause of the surge of . this periodicity 

which is so constant a feature of the ,Ufred Basin (p. 6S). 
, 

the 5-t-minute surge in the Alfred Basin follows, a priori, as 

the second harmonic of the 11-minute seiche, activated by the 

fit minute bi-nodal seiche between the breakwater and the shore, 

when it is present. As was observed in the weather-tide charts, 

the 5t-minute surge in the Alfred Basin assumes dominance over 

1 ts 11-minute parent during storm-periods ( p. 65 ) , and if we 

look for the 5! minute seiche at station l in such weather, as 

for exa1uple in Fig. 4~ or 45, we find that it is indeed ther~. 

What we have said above in regard to Fig. 44 will be 

found to be true also of Fig. 46. Certain undulations of per­

iod longer than 11 minutes will be found to be collmlon to all 

the traces of Figs. 44 and 46, and these obviously are seiches 

connected with some mode of oscillation of Table Bay as a 

whole, into which we must enquire later. These long-period 

seiches, we may remark, are present also in Figs. 43 and 45 

as may be descried from the mean dash-line superimposed on 

the trace ~or station 19 in Fig. 4S. 

Examination of aeichograms 12 and 18 in ]1ig. 4'i' shows 

o~posed oscillations of about 4t minutes period, while at 

station 16, in-bet*een, its amplitude is small, though showing 

·a phase in synchronism with station 18. Clearly, therefore, 

we have eTidence once again ot the existence or a ae1che, this 



1.42 .. 

t11Be a l on itudinal one tor the Dunoan Basin, (cf . p. l a3). 

Again, i:f' e inspect seichograms A, 0 and E ot Jliga. 

ol, 52 and 53, the presence o~ the transverse seiche o~ abou t 

1.7 minutes period.ioity is immediately discovered, in, the 

same way, by the opposed rise and fall of water at A and E 

berths, and the obvious node in between. 

49. Lopg-feri~d Seiobee and S~iamio Sea-Waves. 

The long-period seiches of Figs. 44 and 46 are apt on 

rare occasions to assume very large amplitudes as on October 

1st, 1944, {.Fig. 48). Thia phenomenon, which ocours usually 

ill ~1ne weather, was first noticed on NoTember 22nd 812d 27 th. 

1943, and at onoe led. the autho~ · to enquire into the poasl• 

b1lit1ea of a aeiemic origin tor tbe disturbances, aa ill Seo• 

t1on 33:> {p. 94). l'he deTelopment ot a considerable earth• 

quake in Turkey on UoTember 29th, 1943, lent oredence lo tile 

belief that a .submarine dis turbance remote trom 'rurltey lla4 

pnoeded the earthquake and given rise to seismic saa-waTee. 

which had drawn from ttable Bay a response (Fig. · 64) not 

wholly cUeeilllilar to that occasioned by the Krakaioa eraptioD 

o-r 1883. 1he tact that the latter eruption ga.ve riae to a1r­

W&Yee len.t t'urther support to thia belief, because tluotua­

tions ••" obsened 011 the· ba\fO&l'.ama f'e>r both lfo'1'ember 2-d 

and 2'1th. 1943. The Bllthor considered the possibility of 

these t'luctuations being the cause of the seiohes but aban­

doned the idea after it was found that there was no evidentte 

ot the Krakatoa push-pull air-waves having induced aeiohea 1n 

Table Bay (p. 99): (he had not at this stage examined the 

evidence of gravity air-waves from the Lisbon earthquake ot 

17bbt which pointed in the other direction). 

To discover, it possible, the epicentre of the uppoaed 

aeiamic aea-waTea, the marigrams of the Port ~lizabeth tide• 

gauge were obtained tor comparison with Cape Town'a. 'l"he t i de-



curve at Po~t Elizabeth for November 21th was normal, but 

showed corresponding long-peri od osoill&tions on November 21-

23, 1943. However, the definition of these was not sufficient 

to enable any deduction to be made. 

Further occurrenoes of large-amplitude, long-period 

eeiohes in Table Bay on .,\Uguet l2-l3th, and September 10th, 

1944, (~iga. 55 and 56) re-opened this investigation. These 

phenomena cau.aed violent surging ot the water through the en­

trance of the Duncan Basin at velocities estimated to be of the 

order ot-.& or 5 knots, and on September 10th the ourrent eventu­

ally tore from its moorings the anti-submarine boom-defence. 

Onoe again these long seiohes ooourred i.n fine weather, and 

Figs. 55 and 56 are seen to be free of most of the short-period 

scalloping. 

l'he ~arigrams from Port Elizabeth on these occasions 

showed an unmistakable correlation with thoae of Cape Town. 

Whereas at Cape Town the periodicities of the long-period 

aeiohea were of the order of 58, 33 and 16t minutes, and the 

aJDplitudea about 15 inches, at Port Elizabeth the periodicities 

were approximately 55, 28 and -15 minuteo, and the amplitudes 

about 12 inches. The disturbance of AUgust l~th, however, 

reaohed its peak at Port Elizabeth some 18 hours before that 

at Cape Town, while the disturbance of September 10th occurred 

at Cape Town about 13 hcurs earlier than at Port i 11zabeth. 

If the se1ches were caused by seismic sea-waves we would 

expect to f'ind the epicentre of August 12th somev1here east of 

Port Jilizabeth, in which case the waves would have to travel 

the extra 450 odd miles between the two ports to reach Cape 

Town, after Port Elizabeth. Even if we too~ the worst case and 

assumed that the waves were obliged to travel in water under 

600 feet 1n depth at an average speed of only 50 mph, (Fig. 27), 

it would take them but 9 hours to cover the distance, and another 

9 hours would r a1n to be accounted for in the time difference 
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of arrivals at the two ports. Our first impulse on noting thia 

discrepancy might be to think that we had forgot t en about the 

group-velocity ot waves, but long waves are not subject to any 

reduction in speed even when travelling 1n groups, as discuaaed 

in Section 38, {po 112) ~ and the disparity remains. 

The conception of aeiamio sea-wav·es becomes equally un­

tenable when looked at from the occurrence of September 10th, 

1944, whiah would have to have an origin somewhere west of Cape 

Town. The same argumen t ap.1>lies in this r everse direction, and 

the time-difference betaeen the arrivals or seismic eea-waves 

at the two ports could not exoeed 9 hours, and would definitely 

be etill lese if the ep1oentrio origin were anywhere aouth of 

the common latitude of the two places. 

Theee ooneiderationa thlls exploded the idea of a OOJIIIDOD 

ee1SJ11ic ori&in tor these pb.enoae.nal aeiohea, and led to a re­

examinaiion o~ the meteorological oonditiona. In this the Port 

31.isabeth barograms plqed an .important role, tor boih the time 

and preaaura soales of the recor41Dg instrument were auttioi­

ently open to make it senaitive to comparatiTely emall preasure­

variationa. Careful inspection of these barograms at once re­

vealeo. an embroidery indicative of the presence of air-waves on 
' 

just those ocosions when long-period aea-osoillations were in­

duced at Port Elizabetho In particular, whe~ the air-waves 

were compared with the sea-oscillations of August 12th, it was 

found that the latter responded in general to the tendencies 

of the air-waTea, as is clearly revealed in Fig. ~61 more~ 

over, the apparent periodicities ot the air-waves olosely con­

formed with the 15. 28 and 56 minute periodioities of the aea­

seiches. This illuminating dieoovery was immediately followed 

by the recognition of similar oscillations in the atmosphere 

exhibited in the less-sensitive barograma for Cape Town -

~luctuations which had all but eacaped notice beoause of the 

crowded sea.le of' our instrumento FiP.:- 515 shows the a.ir-nressure 

.... 



cul"9'ea 'for Port Elizabe'th and Cap~ Town, tha latter's being 

the best reproduction that could be made from the fore-short­

ened scales of the instrument. Rad the Cape Town barograph 

been more senaitiv it is probable that .it would have revealad 

undulations very rdmilar to those of Port EJ.izabethe Fu.rther 

inepeotion ot the barograms for November 22nd ~~d 28th, 1943, 

confirmed in an unmistakable way that when ver there were 

prominent long-period seiches there were a.l~o aooomp&ni1ing 

barometr1o fluotuat1ons. 

Close on the heels of these revelations came the long 

seiahea of October 1st, 1944, Figs. 48 and 57. Here again 

periodicities were of the order o! 58, 33 and 17 minutes and_ 

air oaoillations were in attendance. Water was observed to be 

surging through the Duncan Ba.sin entrance at velocities ap­

proaching 5 knots, but ships at their berths were entirely un­

a.f"f.eoted except insofar as they rose and fell slowly with the 

:tlood and ebb in the doo.kr1;. l'he rush of water through the en­
trances could have been extremely dangerous to large vessels 

in motion: fortunately, there was not much shipping activity 

in the docks at the tir.ue, but the author ol:nu:irve a yacht 

oaught in the ebb-~lood at the mouth of the "Duncan Basin, in 

' which it was whirled round like a oork before it could extri-

cate itselt. 

We give finally in ·Fig. ~8 the Lea and Lege-gauge mari­

grams for April 8-9th, 1945, and the simultanecua barogram, 

which portrays more convincingly than we ca.~ express in words 

the genesis of long-p,eriod aeiehes as a result of oscillations 

in the atmosphere. The first, sharp pressure-rise at 6.30 p.mo 

wa.s like a plunger on the water-surface of Table Bay which set 

in motion seiches of apparent periodicities 61. 45, 34, 25 and 

20 minutes, three of which are olosely aiinilar to perioclici ties 

mentioned before. ?he 'plunger' descended again Just as the 

seiche was welling up at the harbour-end of the b~ at 8.15 p.m., 
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and the seiohe appears to have been prorup'tly damped, a.l though 

approximate 20 minute a.ir-wa;ves batwee:n 8.15 a:l1d 9 .. 15 stimulated 

·the corresponding 20 minute aeiche i:in. the bay~ At 10 .,o p .. m. .. a 

sudden lifting of the pressure, f'o11oweci. half-an-hour later by 

the drop of the 'plunger' again, set in motion once more the 

34-m:!.nute seiche11 and the ensuing upward and d\ovmward strokes 

of the 'plunger' were t:hued so ,vell as to inducrn large osoilla• 

tions of water in the bay. After about 2~30 a.~ .. the barometric 

disturbance died away and the aeiohea damped out. 

The author commenced a search in the Lea-gauge marigrams 

of previous years for :further information on ·these seichee and 

at once uncovered a fact which drew attention to the inherent 

dangers involved, during these spells, in the navigation of 

ehipB through the basin~entranoes. Figs 59 is the marigram for 

October 8th,,1942, the day on whioh the dif:f'icultiea described 

in Section 6 (p. 26) were experienced, from which it will be 

seen that largeMamplitude osaillations were in evidence at pre• 

oisely the times that the 'Canton' a..~d 'Bankok' incidents oc­

curred in the entrance of the Duncan Basin. We give below the 

report of Capt. Hodges, the pilot responsible for docking the 
,;, 

'City of Canton' , which speaks for itsalf: 

"I have to report the follo~inB ~,ctrqordinary ineio~nt ~hilst ddokin~ 
thi$ v~sA~l or 6690 tons ~ros~, on~ dr~-rt o~ 26 -Pt. 4 ins. I boarded 
thi~ ~~e~el a\ anohor at q &.mo ~d ~ot under way. Coming up to the 
N13·N nook entrance I followed B .M.S. 'l'unm.oor ~t e. dist-inM of ,t.bout 
1000 ft., reduoing ap9"'d as l"f'lQUir~o i,o as not to overt&k"" A strong 
tide rip ws.111 notios~blA both in 1'!4nd outside th.a Rntr~nc,". ·lie apn.,,arad 
to just ~~~lits 1ufluenc~ ~t 80~5. whan I f~~nd tha ~sQel inclined 
not to ob"Y hP.O r helm ( say 1,00 f't. l'rom the entrano"}) • 

"o\t F3o28 the tug T.H.Nat'3rntfllyar oanm dongtdd"l and Wft proceede~ 
at about 3 ~nots. At 8034 obaervin~ to the C~ptain of thA ship that 
sh~ had be~n brought pra.otio~lly to~ st~ndstill~ I ~~v11J th~ ord~r 
Full Ahead. lh"hieh the C11.:ptain r11.1peated and ~q,~ 'All Cut'. the ship 
however cam,, to a stop~ { the en~inss ""¥er;, turbines g_nd too'lr titM to 
develop their power), and then g~thered Btarn·~ay at th~ same time 
fallin~ bodily towll!.rdil th~ Worth bullnos~" until w1 thin 1 ~ feet. whf9n 
I brought th~ hAlm to midships fro~ h&rd-~-st~rboard, llll.d stopDed the 
en31nt311J, allowing the$h!p to drift. The tide now c'l.11~ht our st111.rboe.rd 

~ Port Captain'• ofticial·papers P.C./A/306, October l~h. 1942. 
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bo;.r 9.nd t.hraw it to port. the ship moving ~8t.ct:rn ,t ~ a;ood p~c" ( 5/& 
knotPJ) h"'r stern a .. du~:h1~ tow~E'tls the Boom moorin~ buoy (on th,.. North 
nida). Tn olal:!r it I o:i.·derad P\all-\he d again at ~.38 . and ,,,hen th~ 
sM.p h~d lost ste:rnwl!l.yi itopped the ~ngin~s. Sh ... rlri-rtqti a f'ull 1?00 
t.'@et f:nm1 th6 entr~nee under ths infl 11"nc$ of th" x:ida. 

11 Ya~i~ up to the entrance a s~cond timA at "\ill ~P~~d and stop­
pine; inside ·the tide inf'llumcad the steAring mor~ th!ln halfway aoroaa 
th"'"t dock. ,, 

1 • Lo·11 ,,...itter was a t 8 Qm. 11 

The serious nr-ture of' these inoidents requ.:trea no emphasis 

and yet there have been remarkably few mishaps, very largely, it 

seems, owing to sheer good.-lucK.. 1rhe oocurrenoea o:f August 12t » 

September 10th and October lstj 1944, (Figs. 55, 56 and 57} were 

all of greater magnitude than t...h.at of Ootober 8th, 1942, and 

could therefore have been expected to produce even more violent 

surges, ye't11 because they oame at times.when there was very 

little al' ipping in the harbour, they pass4.'3d almost wmoticed. 

Reference again to Fig. 48 shows that at stations 11, 
i 

14, 16 and 18 in the Dunca..ri Basin there was virtually a f11Ul-
ta.neous and equal rise-and-fall of water between 10.40 and ll.15 

a.m. on October let, 1944. Thie oould only mean that the whole 

area of the dock increased its depth by some 30 inches in the 

interval of time between 10.55 and 11.05, necessitating an addi-
6 

tion of water of 30 x 10 cu. ft. in 10 m1nutes. This enormous 

volume had to gain admittanoe through a.n entrance only 400 ft. 

wide by 43 ft. deep and its average velocity of inrush would 

therefore have been about 3 ft./sec. Owing to the slow move­

ment at ' the reversals of flow, preoeding and following the rise 

of level, the maximum velocity through the entrance would be 

greater than this figure in the proportion (about 1.8) that the 

steepest gradient of the aeichograma exceeds the mean gradient 

between the tin.es quoted., 'l'h.e proba.bleo ma:xin.um speed of in:flux 
') 

was therefore o~ the order of st ft./aec., or about 4 mph, which 
,-...._ 

largely substantiates the visual estimate of~ knots {p. 145}. 

Since current velocj_tiiea in the entrances of different 

basins will be proportional to the ratios of the surface-areas 



to the sectional are.as of their mouths, assuming equal rioe o r 

f n.11 of waters it follown ~ as these ratios f or the Alfred, 

Victoria and Duncan Ba:sit1& eL'e r0apectivcly l,£,j 3.1, and 
2 7o5 (x 10 ), that the re~pective velocities of flow are ap-

proximately as l: it: 4.. Conditions rrhioh produce a '6~knot cur­

rent through the Dunc~.r1 Ba.sin entranoe, thu1.1 induce only l and 

it-knot currents at the mouths of the Al i'red sx,d Victoria Basins o 

The author b.a.s n.ow seen seJ?era.l instances of these long­

period seiches and found the phenomenon 'both fas9inating and 

awesome to watch9 Water rushes through the Duncan· Basin en• 

tra:ace in a vari table torrent that whirlu and eo.dies almost 

half-a-mile out into ·the bay and nea:rly to th(:!> oppoei te side 

o! the basin. The commo·i.;ion fans out beyond the entrance a.nd 

the sea appears to churn and boil in the dis tance long after 

the current in the entra.uce has ceased to flow and begun to 

reverse. 

It should be pointed ou t that there is only danger from 

these long-period eeichea if a ship ha.ppena to be negotiating 

an entrance at the time that tha seiches (usually three, of 

periodicities, 56-61, 27~33» and 16-21 minutes) coalesce to 

produce a large oscillation. ~1is is rather unpredictable, 

but owing to the long periods over which these seiches are 

often activei> (sometimes ·two or three daya)" the ohance that 

a ehip will be caught in difficulties is al~aya there, and is 

relatively a big onee 

51. Yne Frequency of Og~urrenoe and ~nitude of Long-?eriod 

Seiohes .. 

The record of ooo-arrences of prominent long-period 

eeiches as extracted from the Lea-gauge marigram~ is given 

below in Table III, for the period 1940 to 1946: Some of the 

data for this table is lacking, but as a frequency indication 
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of the phenomenon it is fairly reliable. The reroarkable thing 

is that the years 1940 to 1942, which we~e very bad f~om the 

Range point of viewp produced so few incursions of long seiahes; 

in contradistinction, the years 1943 to 19.fr6, which were lean in 

bringing serious Aange troubles, show a greater frequency of 

long seiches. Whether any significance can be attached to this 

rather discrete observation will have to be considered in a 

later chaptere It would appear, however, that the dany.erous 

conditions we have drawn attention to are likely to arise at 

least two or three times in a year~ 

52. 'the .Dual C_!lat_act~r gf lliµls_e;:L'B!.~_9.!1-"., 

On the basis that there is a. uniform ri$e or fall of 

water through a range .lA in ,the tj_me ~~ i· ( the half-period 

of the aeiche) , over the en tire area. of a dock, the velooi ty 

of flow through the entr ance will be 

Y = C.( 4A/,), ___ ......... ~ .......... . (13). 

where C is the ratio of the surface-area of the basin to the 

sectional area of its opening. 

If we consider seiches of the same magnitude, (2A), 

but different periodicities, ( t"), in the Alfred, Victoria and 

Duncan 'Basins, such that the velocities, ( V), induced in their 

entrances are all equal, then it follows from (13) that the 



· 151.: 

. . 

periodioi ties raust · be in the proportion of the ratio·s (:, whieh, 

as we have a en {p. 148), . are 1•eepecti.vely as L:1-~:4. Hence, 

if a long-period. ssich.a of_ 18-minutes period can . ir1duee, s 
' •. 

a 4-knot current through the Duncan ~asin entrance, equal. cur­

rents can only be produced in the Alfred and Victoria aasin en­

trano~s, if the exciting seiohes are res. eatively of periodici­

ties 4t and 6,f- minutes, which may be considered within . the 

.sphere of' short-period oscillations. 

While. vre recogni~e from ·this that Run in the . smaller 

basins can be just as powerful a.a 1n the Duncan Ba.sin, aqcording 

to· the pe.riodici ty of seiche pr0vailing, it r-,veraes more rapid-
. . 

ly ~dis not such a sustained millrace as i the latter basin. 

Comparison of Tabl·es !I and III shoNs that the ~nly ooca-
. . 

a ions on which short-period aeichea occurred :aimul taneoualy wi tl 

prominent long-period seiohes ware th_e f'ew remarked ·upon in. 

Ta'b.le Ill,. in all.of which cases the high-frequency effects 
.. 

were minor •. This peculiar estr~gement gives to the Range 
. . . 

pro~1em·a ~ual personality, which we may define as a ·division 

between large-amplitude, long-period. seiches· on the one hand, 

and ia.rge•amplitude, short-period seiches on the other. The 
. . - . 

first phenomenon produces very powerful and prolonged :f'luxe.s 

of wa~er through the Jl,.mcan i asin entrance, which are danger­

ous to ship-navigation, but· creates· no trouble a.t .the qua.ya; 

the · second produoee short, powerful fluxes through. the Viotori 

and. _Alt'.red Basin entrances, and is characterised by the trouble­

some motion it communicates to ships· a.t their berths in all the 

basins. 
, 

The curious feature that these 'Jekyll and Hyde 1 aspects 

of Range-action rarely occur together in severe form is note­

worthy. Although· long seiohes are usually p~~aent during short­

period Range-action, a.$ we have noted in Seotion 48 (p. 141), 

they ar~ nevertheless invariably subdued; and when ~ey do -



assume the la1.•ge proportions of Figs. 48 ar.-id 54 to 58, it is 

usually e.t a time vihen Hh.ort-period sciches a.re quiescent ~ The 

implj.oations of this observation must be reserved f'o:r later 

Followiug upon the discovery in October, J.944il of the 

undoubted relationship be t ween long-period seiches and barome­

tric osoillatione, stcpn were immedia.te::i.y taken to increase the 

sensitivity of the baronetric recording ·inst1-cment. The more 

eenai tive J}ort Elizab~th barogra.ph was n.cquired in place of t.ne 

original one, and the author also seriously ccntemplated requi­

sitioning for a Dines-Shaw ~icrobarograph. l~e difficulties of 

war .. time supply, however, precluded any·thing being done in this 

direction, and consideration was then given to the construction 

of a statoscope similar to that devised by Professor Chrystal * , 

whose work by this time had been consulted. The statoscope was 

a converted recording barograph in which the pressure-capsules 

were open to the atmosphere and able to expand or contract a­

gainst the fixed pressure of a surrounding sealed air-container. 

From this the idea. was gained of using the same principle-

' in a system of manometer tubes. Af'ter considerable experiment 

and some frustration a.n entirely satisfactory recording mioro­

barograph was evolved at no greater expense than the employment 

of a broken glass manometer and the acquisition of a wide­

mouthed bottle of somG 2 ins. internal diameter. The device is 

illustrated in Figso 60 and 6111 and depfmda for its operation 

on pressure-and-vol ume ohanges in air, according to Boyle's Lau. 

As it was important to insulate the air,~volumea against changes 

of temperature the main manometer was jacketed in an old ice­

cream freezer and the connections to the secondary manometer 
~~~~~~~~--~~~~~~~~--~~----~~ ........ ~~~~~~~~~ '!to 

'Iuvesti~ation of Seichas of Looh Earn by the Scotti!h Loch Survey', 
.- Trans .• Roy.Soco~dinb.p Vol.45, Part Ilg 1906. rs4L pp. 361-396. 
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were heavily lagged with asbestos. A float, riding in the small 

limb of the secondary manometer, actuated a lever-pen which 

scribed or1 smoked pa.per tn an ielectrica.l ··k;y"lllogr aph d rum~ 

Reaults from this ~nstrument ~xce0ded the most sanguine 

tions of :pressure, end i:rnlividue?.l fluotuut,ions could be identi­

fied on the ve?.'"Y open ti:r,1e-scal0 wh:Lch the kymograph provided. 

Typical exam.ples of the xnicrobarograms obtained are given in 

Figs. 62 to ?O: t hese w:;,,11 be referred 'i;o in detail in the 

next part of this work when the meteorological conditions sur­

rounding the development of Range-action are more closely 

· studied.. 

Fig .. 70 has been :s.ncluded. as an i 'te.m of' intereBt conoer·n­

ing the Bikini-Atoll a.ton-bomb teat o:I:' July 1st~ 1946. It wae 

thought possible that i;h e bomb=blaat 1,dgh.t set U1; an air-pressure 

wave strong enough to maJrn itself felt at Cape Townl! in much 

the same way as the Krakatoa eruption had given ris0 to air­

waves, and the microbarograph was accordingly set in operation 

on the due date~ The microbarogratu of Fig. ?O confi rmed the 

ordinary barograph in showing that a drop of about Oa07 inch of 

mercury occurred suddenly after noon of that day, almost exactly 
' 

12t hours after the explosion had ta.ken place~ ·i,'hether this 

was actually an indication of the passage of an air-wave can-

not be known for certain, but it is significant that the pressure 

drop occurred at about the time that an air-wave would have been 

expected from Bikini, some 9870 miles away (measured along a 

great circle). The calculated speed of the wave to have covered 

this distance in 12t hours is about 790 mph, which is of the 

expected order, although on the high side. The microbarograph 

also registered a sudden, but small, pressure rise at 18.12 

hours the same day, at roughly the time that a return wave 

could have bflen expected from the antipodes of Bikini, (about 
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2590 miles from Cape Town). A oertain amoun t of long-period 

seiche-disturbance in Table Bay was apparent at the time, but, 
owing to a concmr1·en.ce of ordinary Range-action ; it could not 

be a.asocis.ted with the barometric fluctuation • 

.. 
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"Hen scarts and filly tai ls 
.,. 

M<1ke lof'ty shipa ·'."ear low sails." 

~ Old Saying (Soottiah Origin) . 

54. Invocation of Furthe~~eorologioal ~~.!.~ 

The obvious association between Range and barometric 

depressions in the reaorda of the phenomenon at Cape Town has 

already been remarked. upon (pp. 65 and 140 ) • Tb.e quest for furth­

er information on this relationship, which literature has indi­

cated involves the cyclonic storms of the owen oceans (cf. pp. 

86, 101, 120}, led the author to consult the Chief Naval lreteor­

ological Officer 1, (3outh Atlantic), early in 1943. This Officer 

was able to furnish important information in the form of synoptic 

charts tor the South Atlantic region, indicating the movements 

or travelling depressions: he suggested further, as we shall 

later consider, the dependence o·t Range upon the arrival ot the 

cold-fronts o~ these d~pressions, a conclueion reached on the 

basis of' the weather-tide charts for 1941, 1942 and 1943 which 

were submitted to him f or aoru.ti.ny and comparison with his more 

extensive data. 

We are at once led to enquire further in to the nature of 

these travelling depreeeiona~ For their understanding it will 

be necessary to re~or to the hemispherical circulation of the 

atmosphere , in somewhat greater detail than was oonsidered 

appropriate to Section 8, (p. 32). 

55. Movemen ts of _the Atmoeehere in the Southern Hemisphere. 

Jt is logical to suppose that an atmospheric shell 

··· High-altitude Cirrus clouds resembling the spread clawri of a hen and the t tails or young mares: usually the forerunners or a storm. 
Commander ·v.A.Biahop; succeeded in 1944 by Co11D1ander H.S.Gracie. 
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enveloping a spinning sphere would, as a result of its viscosity, 

turbulence ,and friction, steadily slip backwards relative to the 

sphere, although it would acquire some of the angular momentum 

and would rotate in the same direction. In the oase of the 

earth, if we could assume no north and aouth move:r.nent in the 

atmospheric shell~ we should thus exp~c t steady winds from east 

to west with a maximum velocity at the equator tapering to zero 

at the poles; such winds would be only slight on the surface of 

the earth, where slip would be small, but would gain in velocity 

wi th elevation. 

However, theee natural tendencies are overshadowed by the • 

influence of solar radie.tion and heat from the earth's surface 

which are all important in setting up north-south convection 

currents, necessary to effect heat exchanges in the atmosphere. 

Gold air, moving towards the equator froM the poles thus becomes 

subject to the laws of rotation and is pulled westwards off its 

direct course, through having a lower angular lliomentum than is 

required for the latitudes over which it has to pass. Between 

latitudes 30°N and 30°s the actual surfaoe winds are precisely 

in accordance with this concept and constitute the familiar 
. 

north-east and south-east trade-winds of the northern and 

southern hemispheres respectively. 

The polar air engaged in this maes-movelllent requires, of 

eourse~ oonBtant replenishment, which can only be fu~ished by 

the return of warm air from the equat9r at higher levels. This 

air~ in moving from the equator, has greater angular momentum 

than is necessary to the latitudes which it must traverse, and 

in rotating faster than the earth, is therefore swung westwards. 

lf the terminals of this movement Nere actually at the 

poles, the surface winds near the equator and the upper-air 

movements at the poles could be expected to attain such tre­

mendous velocities, through accumulated angular momentum, that 
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turbulence and frictional drag on the earth would be vastly 
greater than they are, and life such as we know it might not 

('< be possible on the face of this globe. There woul d be the 
difficulty , too, of finding accommodation at the poles for the 
volume of air flooding back f r om the equator. 

Characteristically, Nature has sought the path of least 
resistance and placed the effective terminals of movementp not 
at the poles9 but in the regions of l a ti t udes 30°N and 30°s, 
where lies as we have noted i n I?ig. 6, the high-pressure dol­

drums of calm air oT light windso t ir in these regions thus 
has about the same peripheral velooity as the earth's surface. 
1'qua.torwa.rd, the atmosphere ro t ates more slowly than the earth 
and therefore slips towards the west, while, poleward, the air 
rotates more rapidly and accordingly blows towards the east. 

Since the movewer1t of air 1s promoted gravitationally by 

flow from high to low pressure. the neoessary condition for the 
existenoe of these terminals is a high-pressure belt. In the 
southern hemisphere, as we see from Fig. 6, the high-preaaure 
belt necessary _to generate the surface-winds is in existence 
throughout the year , mer ely varying as to intensity with the 
change of seasons. At altitudes of 10,000 feet and more, how­
ever, this system of i.sobara changes and the highest pressures 
are at the squatore as required to cause the feed-back of air 
to the temperate lati tud.es .. 

The directions of flow of air from the high-pressure 
belt, Fig. 6 (westward to the north , and eastwa~d to the south), 
have been epitomised in Buys Ballots -rule (for ·l;hs southern 
hemisphere), that higher pres~ure is on your left when you stand 
with your back to the wind& -----------------------------~ Thie problem wag invesit1~ated by Halmholt~ in his wor'<" 'Ub0r Atmos­phaiische Bewegungen ' , 1888. who concluded that mixing; of di f-f'erently movin; strata of air by means of whirls that ori~ina.te in the unroll­ing of surfaces or discontinuity. was the prinoipal ~g~nt preTenting the development of more violent winds. er. Napier Shaw,(l.0 0 ante, p.:a9),f32J. Volo IV. 9 Po 61_ 



1~9. 

l'he geostrophic wind-speed, corresponding to the pressure 

gradient across the isobars, is greatest to the south of the 

high-pressure belt, a.a may be judged from the crowding of the 

isobars towards the south-pole (Fig. 6).. A great whirl ot west 

winds, famous as the 'roaring forties', is oontinuous here on a 

small circle round the south pole, and within this region lies 

the polar front!) where warm air from the equator, flooding in 

from high levels or peeling off from the high-pressure doldrums, 

encounters the cold polar air-masso lt is along thia front that 

travelling depreseions f orm as gigantic eddies in the atmosphere, 

created by the relative incompatibility of two masses of air, 

flowing across each other at different speeds. 

66. The Genesis of Frontal Depressions. 

The essential features of a travelling, revolving storm 

have long been known and were formulated in Dove's law of stoX'l!ls 

of 1828 and the subsequent embellishments of it by Redfield, 

Reid and ?iddington up to 185:/\ But the modern conception ot 

the cycloni c storm of the temperate latitudes really dates trom 

~Ur lJapier Shaw's reoogni tion of the composite features of a 

depression¥ and the crystallisation given to these ideas by the 

Norwegian Meteorologia ta J. Bj erknee and :.iolberg in 1918 Y. 
, 

Aocording to Bjerknes, the polar-front discontinuity be-

tween cold air from the poles and warm air from the equator, 

moving across each other at different velocities, is periodi­

cally disrupted by the formation of cyclonic depressions, which 

are the means of effecting heat exchanges in the most rapid way 

possible. 

The life-cycle of a typical depression of the southern 

hemisphere is depicted in Fig. 71, which is adapted from the 
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illustration given by Bjerknes a.nd Solberg for a depression ot 

th northern hemiapheTe, and from later information given by 
,::, 

Brunt • 

The original illustration was given for air-ma.sees moving 

across eaoh other in opposing directions, but in the southern 

hel!Jisphere; where the polar front exists in the slip-stream ot 

the 'roaring forties•, the air masses are obviously flowing in 

the same direction. According to Brunt this is also the condi­

tion under which depressions are most usually born in the north-

. em hemisphere t . Figa 71 has therefore been drawn to represent 

the condition ot concurrent flow. 

The stability of the polar front (a), Fig. ?l, is upset . 

by a bulge of warm air pressing into the cold air~masa, as in 

(b). l'he bulge deepens and a whirl begins to develop, causing 

a local reversal in the flow of the ool~ air round the depres• 
i 

sion centre~ '\lfinds biow olockwise round the centre and inwards, 

spirally. across the isobars, (c)o 1he depression deepens and 

barometric pressure falls in virtue of a more rapid outflow Qt 

air at high altitud~e than inflow at the surface. 

As it develops the depression moves forward at the speed 

of the winds of the warm sector and in the direction of the iao- · 

bars for that area · . The warm air is gradually undermined by 

the closing of the fronts which define its boundaries with the 

cold air-mass. 'l'he wa.rn, .. sector ~vind.s blow strongly from the 

north-west across the surface of the sea and rise up over the 

cold air along the warm front of the depression. Westerly and 

south-westerly winds bore in under the wa!'ill air along the oold 

front, until occlusion occurs, which is marked by the coincidence 

of the warm and cold fronts. At thia stage the warm air has 

been pushed aloft, except near the northern extremities ot the 

fronts, and the de~ression begins to lose vitalitz ,and ~inally 
t 'Heather Study', (London), 1944, f85], pp. 175-~lO. 

Ibid •• f86J, p. 1130 
§ Ibid., f86J. p. 177. 



161. 

expends itaelt in a whirl of air. However, as often happens, 

the occluded fronts 9 as shown in (e), forw a surface of separa­

tion bet\'leen 'the preceding and following cold air-masses, which, 

through acquired differences in properties, are themselves not 

always miscible, and the front may persist for some time. As 

disg~am (t) shows~ a secondary depression may be born out ot 

one that is in process of dying. 

rraYelling d~pressions have been found to form in fami­

lies of from two to four. '.!'heir members represent various 

stages in the life-history or a depression, as depicted in Fig. 

71, young ones forming in the rear as the older ones advance 

and progress towards maturity. 

57. Reoognizabl~Feature~_Q,_f Fronts. 

The characteristic features of a fuliy developed frontal 

depression, as it might appear to a high-altitude observer, 

looking southwards fro.u1 a vantage point somewhere in the Vicini t:) 

or st. Helena, are ahown in Fig. 72. 

l'h.e wa?'ltl front is oharaoterised by a sloping bank ot olowl 

produced by the condensation of moisture in the warm air as it 

rises over the antecedent oold air-mass. The greatest oonoen­

tration of this cloud is round the depression centre. Feathery 

cirrus clouds are the harbingers of the storm and are eometimes 

to be tound 500 miles in advance of the . warm front at its · 

ground-line . Behind these 'outriggers• follow, in order ot de• 

creasing alti tudaj cirrostratus, altostratus and finally nimbo­

stratus clouds. It must be remarked that the warm fronts ot the 

southern hemia~here are not so well defined as in the northern 

hemispper.!., 8.9,._.these clouds are often ·absent T over the land. 
• Baaed on desc riptions of dep:Ntssions of the northern hemisphftre. t {l.c o ~ute Po ~60 ', [85] and [32). 

L.o. (aate p .. 34), [~5]. 
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In the up-draught at the depression centre are to be 

fo ,md towering cloud-castles of nimbostra.tus , which extend also 

some distance along the cold fron t and are preceded by lenticu­

lar fonnations of altooumulua cloud. Warm-sector weather is ac­

compani~d by broken cumuliform cloud, rain, drizzle and tog. 

Rain alonJ the cold front may occur over a belt perhaps ·50 

mil es wide, but usually varies in intens i ty with thr! onset of 

intermittent squalls e 

These squalls occur along the edge-shaped surface of 

separation of the cold fron t, and have been ascribed to an over­

riding nose of ~old air periodically forming and plunging over 

cold air whose movement has been retarded by contact with the 
0 ground. Tae opiuion will be advanced in the next chapter that 

these squalls at the cold front are manifestations of breaking 

air-waves formed, as envisaged by Helmholtz, at the sloping 

surface of discontinuity and advancing down it until destroyed 

or expended in the shallowing depths in much the same way as 

surf is dissipated along a sea-coast. 

As indicated in Fig. 72@ the isobars have an abrupt 

discontinuity at the fro n ts g The same discontinuity ia revealed 

in the wind directions a11d the advance of t he f r.onta over any 

particular station oa.n be noted by the backing of the wind to 

north-west behind the i.varm front, and t hen s uddenly from north­

west to west or sout h-west with the arrival of the cold front. 

Other features by which the passage of a depression may 

be recognised are the gradual fall and subsequen t sudden drop 

of temperature, marki ng t he arrival and departure of the warm 

sector air mass; als o the steady fal l and subsequent rise or 
the barometer. 

At Cape Town an i ndication of the ap~roach of a 

;) Brunt, (l.c 0 ~mte Po 160) 9 f85], p ., 179. 
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depression is given by the shifting of the wind from south-east 

easterly surface wind and warm w~ather prevails until the. up~er 

winds gradually descend to the eurf a ce., Low-l~ring olo~d mo""es 

inland aacompanied by rain and sur•face tezaperature usually falls, 

instead of rising as might be expected of warr11=seotor weather .. 

This :f's.ct and the absence, usuallyr of' the sloping bank of warm­

front clouds, make it difficult sometimes to establish this 

front ·. 

As Fig. 7J portrays, the locus of a depres sion-centre 

usually bears towards the south-east .,, T'l'le de:i.:>reas ions appear 

to have their infancy in the south-west 'Jo:rne:r of the h.igh­

pressure belt riot far !ro.I.11 the coast of' Brazil.. They advance 

at speeds o-f about 35 knots and curve Tound the coast (}f South 

A:trioa at distances not usually leas tha.i~ 500 wilee to the 

south. Small secondary depressions. however, may form within 

close proximity to the coast. Notwithstanding the remoteness 

or the depression centres, the long a1~a of the fronts reach 

out 1000 or 1500 miles to envelop most of the fTinge of South 

Africa. 

58. High-Pressure Anti..QZ,clones. 

Although in Fig. 6 we have conceived the high-pressure 

belt of the South Atlantic region to be ver:.f stable and su·b,jeet 

only to slow seasonal change, it is in pJ in t ,)f fact yrone tQ 

vary almost daily in the intensity and tna configuration of. its 

isobars, through being affected b y t,e paHsage of the travelling 

depressions. The oceanic belt may sipli t :f.nto two or mor.e anti­

cyclones -or systems of closed isobars hich may be stationary or 
~· moYing, according to whether they are warm or cold · . The cold 

---------~-~~-·----------------------• L~Co (dte Po 34), [25). 
t B&p1er Shaw: (1 0 • ante p. 39)P f3?.]. Vol. ll~ Po 400. 

. 
. 

. 

. 

' 

. 



anticyclones form behind the travelling depressions with influx 
of air int o :regi ons previ ously denuded hy the propagation of 
the cycloni c storws. 

A feature of depressions and anticyolone at Cape rown 
is the obvious relat i onship between mean temperature and press­
ure, clearly shown in the weather-tide charts of Figs. 14, lo 
and 16. As pressure falls, marking the aJvent of a depress i on, 
so mean temperature riaes, mid as the anticyclone moves in with 
higher pressure at the rears mean temperatur e falls again. 

According to the latest findings of hemispherical aur-
~ veys of the upper air · , in the northern hemisphere at least, 

it is possible for comparativ€ly war~ e..ntioyolonic upper-air 
masses to invade t he pol ar r egions and displace cold air to 
the middle latitudes, where it forms a ring of cyclonic cen­
tres, giving rise to the travelling d~presaions we have des­
cribed • . These 'polar outbursts• are now current terminology 
in the meteorolosical world, and as they vary aa to seYerity 
and penetration, they are a considerable factor in the modern 
forecasting of weather. 

59. 'l'he Association b~t~eep Range and Frontal DeJ!ressions. 
We turn now to consider more posi tivel y the connection 

between these meteoTolo~ioal disturbances end the phenomenon 
of Range of the higher frequency type (cf. Section 52,p.151). 

Close scrutiny of Fi gs. 12 to 16 fails t o reveal any 
single factor that can be identified as an infallible link be­
tween Range action and local weather. A few examples may 
serve to illustrate this statement. 

(!)• Barometric pressure-saga at Cape Town, although gener­
ally indicative of the advance of .frontal depressions and nr 

~----~~-------~---------------·------~-------~~----, Cf'. Rossbys 'leoent Mvanoe1 and Probable Future 1'rent1a in Ba11o 11.11d Applieli Ueteorology', Proc. Jrd Bydraulies Conferqnoe, TJniv. or Iowa, June p 1946 ~ [8Sl o no , 115- 120 . 
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the incidence or Range, are not in themselves al·Hays a reliable 

index. Range-action is found to lag behind a pressure-sag in 

some cases and precede i t; in others; but instances are quite 

numerous where 'Range has developed while barometric pressure 

at Cape Town has been high. ~am.plea of this will be found in 

Fig. 13 (July 21, 1942), Fig. 1 4 (b) {.Tune l, 1945), and cases 

are common where Range has b~en pronounced without t he accompani­

ment of any very obvious depression. 

{e). Strong local winds from the north-west are also no de 0 

pendable criterion for e~pecting the onset of Range. The occaa 

sions which gave rise to the marigrams of Figs . 36, 3? and 38 

were nearly all oalm and fine, Fig. 14 {a.), (November 6, 8, 14,' 

18, 1944). Fig. 14 (b) (June 1, 194~) likewise shows pronounced 

~ange during a period of absolute oalm exten~ing over 3 days. 

(~). :Uthough in the more meticulous weather-tide chart for 

1947 (Fig. 16) we oan observe a clear-cut influence of the semi­

diurnal tide upon the transverse oscillations of the Duncan 

Basin {red dash-lines}, this is no more than a slight increase 

in the SlLiplitude of the oscillations at every high tide= a 

matter we shall have to concern ourselves with in later analysis. 

There is, however, no other obvious connection with the tides, 

and severe Range-action will occur as often at neaps as at 

springs. 

(.4). 
. 

Local mean temperature, as pointed out in the last 

section, is the inverse of barometric pressure, and we oan ex­

pect no more from this than we could of barometric pressure. 

1he Admiralty meteorologists, who had been consulted for 

further data (p. 156), advanced the theory that heavy north­

west gales which are a feature of warm-sector weather in de­

pressions, as we have seen, cause a piling up of relatively 

warm water at the harbour-end of Table Bay. With the crossing 

of the cold front the wind then suddenly veers to south-west 
-
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and blows almost at right angles to its pre ioue direction thus 

releasing the pent-up water in the Bay. Oscillation of the 

water in the bay then commenced, they supJosed, with the oold 

Benguela current forming a 'retaining wall' at the node of the 

oscillation. 

In the light of our knowledse of seiche phenomena, there 

are features of this hypothesis which are obviously unsatis­

factory. Firs and foremost, any oscillation induced under the 

conditions they infer must necessarily damp out at onoe, since 

there is nothing to aua~ain it. Once the pent-up water were 

released~ it would create a wave which would split on either 

side of ~obben Island and only a fraction of the accumulated 

energy would be reflected even assuming the ·•retaining wall' 

of cold water were sufficiently elastic to yield to the nodal 

aurge and throw the warm water back into the bay. But there 

are other objections, smong these being the facts that Range 

is frequently prominent during prevalence of the north-west 

wind be:t"ore its change o'f direction, and also that :lange of 

bot..~ the short and the long-period varieties can exist with~ 

out any local wind at all. It is iDpossible to belieTe that 

short-period Hange-aotion could be induced under the condi-

tions the meteorologists entertain, and long 0 period seiches 

in ?able Bay as we already know, are infallibly linked with 

barometric oscillations. We a~e compelled therefore to con­

clude that thie hypothesis doee not sufficiently :fit the facts. 

60. Cold Fronts in Relat~on to Range-Actiona 

The only feature of the above theory which is worthy or 
close examination is the poeeible connection between Range and 

the :rronts of an advancing depression. l'be warm front, owing 

to ita ditf'uaeness and unfavourable inclination when crossing 
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Cape town, mey reasonably be i gnored, but the oold front, de-

fining a sha.:rp discontinuity in pTessure, mightt in the nature 

of things 9 be axpeoted to set up trains of eea-wavea both in ad­

vance and behind, as 1 t ·?rogressea across the ocean towards Cape 

Town. 

de select as our first example for consideration ~f such 

a contingency the oooul"rances of Range in the iW.®ler. month of 

l{ovembar, 1944, alroady .reflected in the marig1~ama of Figs. 36, 

37 and 38!il and the seiehograms of · Figs~ 49 and. 50. Th~ ~'!neral 

weat her conditions prevailing at Cape Town at the tii,e llr.e 

given i n Fig. 14 {a)& and the meteorological condition~ over 

the ocean to the wea t of Sou th Africa are po:rtrE\,ved ii, th,o 

synoptic charts (reproduced from Admiralty record~) of. Fig~ 74. 

The synoptic oharts of the Bou th Atla.n t.ic: show the i&o­

bare prevailing at 2.30 hours in the morning ?f sucaeesive days 

from 1-i overnber 3rd to 20th, 19 44. The depressions with tb.e.ir 

warm and oold fronts, in various stages of U1eir lif3 history 

leading to occlusion, are clearly identifiable, an4 the tr&nd 

of their movement is indicated by arrows • 

.Jepression A in Fig. 'I 4 ( a) 1!3 advancing to...-a.rde th·a east, 

and by the tim.e it has reached the position (b). ie being fol• 

lowed by a family of succeeding depressicm,s, 13) C ~V\1 .il, !fh!:I se 

further progress oan be traced in (c), (d) and (e)~ Th~ ,a~ent 

A has veered south and occluded at time (c)" when the upper end. 

of the cold front is just about to cross over Cape rown. Refer­

ence to Fig. 14 (a) shows that Range action built up frOlll the 

time of the cross ing of this front over Cape Towr ir: th~ tarly 

hours 0£ .November 5th. 

,U though it is difficult to know fo,r ce'\"t':l.in j t t seemc 

that at stage (d), Fig. _?4, _<!,~~~,!!~~ft .. ~!~J?r .. ~!!!'l..!!L.!!!.~~ .. -.,_ 
8 The justitioation tor this may be ..-erified by the reader on th~ baa1 8 ot evidence presented in the ex~plea ~hioh follow. 
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formed the secondary A' o no doubt with the remnants of B, which 

from its state of oooluaion in (o) muet have fizzled out. "De­

pression n9 meanwhile i s seen to be closing in on O and has 

merged with it at (e). I n (:f') the oold front of CD ha.a crossed 

over Cape Town!) and we find again froru .Fig. 14 (a) that Range 

action at Cape Town flai~ed up to l arge propo~tions on November 

8th. 

Depression E at stage (f), Fig., '1.+, appears to be :running 

into an a..Yltioyclone. Obviously it must have merged with the 

fSJ11i ly to the southward and formed the intense depression F, 

shown in {g). 

In (h) the leading oold front of F has just oroseed 

Cape Town. but ~eference to Fig. 14 {a) shows this time that 

there was no response in the form of Range-action. 

The progress of the next depression G may be traced in 

(k), (1) and (m)$ At (m) a secondary G' seems to have formed 

out of the occlusion of G, and its cold front muat be assumed 

to have crossed Cape Town at about 14 hours on ~ovember 12th, 

but Fige 14 (a.) again show.J no tally with nange-a.otion .. 

"Depression G must have exhauErted itself betl.veen (m) 

and (n) just at the time that na.nge at Cape Town attained 

large amplitudes in a perfect calm (Fig . 14 {a)) without any 

frontal crossing at a.llG 

In (o) and {p) the intense depression H apparently 

headed south-east and was f'ollowed up by a strong anticyclone. 

1'he crossing of the cold front over Cape Town is obscure but 

must have occurred. at about noon on 1;ovember 15th. A slight 

resurgence of Range-action is evident aorue 6 hours after this, 

Fig. 14 (a). 

The advance of the next depression Kin (p) and (q) of' 

Fig. 74 seems to lead to the birth of a secondary K' with the 

occlusion of K. '!he crossings of the cold fronts of both K 
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and K' have been i ndicated in ~i g . 14 (a), but they are v~ry 

indefinite and were probably too f ar sou th t o be rat ed croaeings 

at all. The considerable Ha.nge-ac t i on of November 18t h once 

again seems to bear no clear-cut rela tion to the cold-fronts. 

As shown in Fig. 7 4 ( s ) and ( t ) , the next la.rge deprees­

i on I, also appears to p11.es cl.ear of Gape Town , t o the sou th, 1n 

spite or which a r esurgence of Range on a minor scale was evi­

dent at Cape Town o 

Example 2°. 

In Fig . 14 (a) i t will be no t i ced that the next large 

bout of Range action occurred on December 3rd, 1944. :rhe synop­

tic charts for the immediate advance period from Decenl°ber l.s t 

are reproduced in Fig. 75 (a) to ( e) . As before we can trace 

the progress or depressi on A and its f ollower~ to the stage 

where at (e) A seems to have g iven bir t h to a s econdary A' and 

B to have exhausted itsel f under t h e i nfluence of a prominen t 

anticyclone. T4e cold front of A or of A' would have crossed 

Cape Town a t abou t noon on December 2nd, in good agr eement wi th 

the backing of the wind from north-west t o south , bu t this t ime 

is 12 hours ahead of the development of Range- action as shown in 

Fig. 14 (a} .. 

W"i th agreement in some ca ses a..nd non-agreement i n o t hers 

we are obliged to form the tentat iwe conclusion that the mere 

passing o~ the cold front of a depression over Cape Town cannot 

in 1 tself expla in the asc~mdency of Rang e-action a On the other 

hand , we cannot but be impressed by the s ignificance of the 

sudden disappearance and dissi pat ion of certain depressions, 

just at the time that ~snge-aotion becomes prominent· a t Cape 

Town. In Fig. 14 (a ) , for instance, i t wil l be noted that the 

powerful surges of 1'lovember 6, 8, 13 and 18th, 1944, correspond. 
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with the apparent exhaustion of d~presaions Ro ~' G a~d K re­

apectively11 and similarl:r on Jeoember 3rd, 1944fol the promine:noa 

of the Range s9e.ms to be,1r some r~1 ation to the vanishing of 

depression B of Fig .. 75 '. 10).. The accuracy of th.e t1ynoptic 

charts, of course, is he:tf~ celled into question, but i.hen the 

he was given the aesuran.::e that 
'' 1'ht3 pomitiov.a and mo·l7em~rrt: or the dop:ressi;)ns in most oe.ses ca.u ~ 
rr-iig~:rded r.ts beini e.t}c1.u:~~:t'.i, h&vL1g beon d,3'i:srmine 1 by &. ntmibar of' 
factors Mhi~h a.re l'"!lo·1rn \11hcm the charts !'\.re 1n1'llyJa<i. The distortion 
of the ohs.:rt i:u no \'hay t3l.f'f'sots thGir position, 0 

61. ~eoorded Features of Cold Fronts. 

From the rather gdnera.1 :purview in the la.st section, we 

proceed to a more exacti~g scrutiny of possible relationships 

in the light of the meteorologioal records obtained at the Rs.nge 

Laboratory at Cape Town. 

Example 3° .. 

'I'he winten ... occurrence of RMge of June 20th, 1945 \j Fig. 

14 (b), is selected for the next example as being one for which 

syn.optic charts a.re available in ad.di tion to the mo:k'e local do.ta. 

Tha aynop·tio char ts ( a) to { l) of' Fig . ':'6 show the de­

pressions in exiatence over the period June !.5th to !Z4tht 1940!! 

and their identifit1a.tion and the passage of the fronts are incii­

cated 9 as before, upon the weather-tide chart of Fig. 14 (b) 

Vepreasion ~ would seem to have advano~d until at stage 

{d) it became so un8tabl~ as to br~ak up into aeaondariea. rhe 

crossing of the cold f'ront at about 2a hours on ,June 17th gave 

rise to no diaturba.~ce~ 

Depressions~ and c, meanwhile, coming up behind formed 

a peculiar liaison as shown in Figs. ?6 {e) and (f). After very 

rapid progress in the early stages, Jj became allQost stationary 

at (g), while C mysteriously disappeared just at the time that 

Range action at .Cape Town grew to large proportions on June 20-

2lat ( ?ig. 14 (b} ) . 
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Reverting to charts (f) 3.nd (g ) , Fig~ ?6, two cold fronts 

associated with depreseio~s ~ and C would appear to have crossed 

over Cape Town , the first onl y a f ew hours befor e the time (02 w30 

hours, June 20th) of ohart (f), and t he sacond some time during 

June 21st. The passage of these cold fronts may be identified 

in Fig. 77P which synchronises the records of t he barograph, 

microbarograph, thermograph and anemometer a.1,:,d superimposes them 

upon the original marigram for June 19th and 20th, 1945. The 

original anemogram for thi s period is separe.t al y reproduced in 

Fig. 78, and the microbarograms for June 19 9 21 and 23 have al= 

ready been presented in facsimile in Figs. 62, 63 and 64. 

~he rough indication of the synoptic chart, ~ig. 76 {f), 

is confirmed by the greater detail of Figs a 77 and 789 From 

the anemogram, (Fig. 78), we see that at about 19.60 hours on 

June 19th, the wind which ha.d been blowing gustily from N .N .,,. 

at an average velocity of 20 mph, suddenly backed r ound t o a 

somewhat steadier Westerly wind thereby marking the arri val o~ 

the cold fron t. i\t t hat t ime a l s o, as th~ ba.r ogram and thermo­

gram of Fig .. 77 show !) the r e was a sh arp , if' su1allg pressure r ise 

and a simul taneous drop i n temper ature . l'he microbar ogram of Fig . 

62 {reproduced also in Fig9 77) , shows very cl early t he pres sure 

rise and fluctuations defi ning this par t ioular f ront o 

The second col d- front of J 'Wle 21s tJ 1915 ~ sugges t ed by 

the synoptic charts, is also clearly identit'iable in a similar 

way in Figs. 63, 7? and ?8, having crossed Cape Town at about 

10.27 hours. A point of some interest in ~ig. 73 is the ap­

parently periodic fluctuation in wind-veloci ty as revealed by 

the mean lines superscrib.ad on the anemogram. Similar quasi­

periodic variations of pressure a r e detectable in the miorobaro­

grams or Figs. 62 and 63. The signifi cance or t hese efrects wi ll 

not be questioned at thi s s t age o but we ohe.11 ne:·v~ rthil1. iHl8-, i n 

the n3xt \lha.pte'.£", endea:vour to expl ai:1 them on ·line basie ,} f the 
• 

exi& tenoe i>i air-waves. 
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l'he obvious general association between the disturbances 

genera:ted in the harbour and. the passing of these depressions is 

well portr19.Yed in ]'ig .. 77, which bears comparison with Fig. 14 

{b} . From conditions of utter calm, both of sea and atmosphere, 

on June 19th, 1945, we observe the sudden approach from over the 

opan ocean of the travelling depression,~» of Fig. 76 (r). 

Barometrically, this depression was not a very pronounoed one 

at Cape Town; yet it was marked by the advent of a very sudden 

rush of air from N.K.W. commencing at ll.16 hours on June 19th. 

Puring the ensuing 2 hours pressure dropped quite sharply and 

thereafter levelled out. 

The sea disturbances, even after the arrival of this 

wal"I!l-sector air-mass, remained negligible until about 15 hours 

{some 4 hours later), when 17 min. oscillations (predominantly) 

were stimulated in rabl0 nay. With the crossing of the cold 

front 5 hours later again, at 19.50 hours, there was still no 

perceptible change in these long aea oscillations. Kot until 

about 22.30 hours, or 2! hours after the frontal crossing, is 

there evidence of short~r period disturbances penetrating the 

Duncan Dock and stimulating the transverse seiohes. The local 

wind in all this time had blown with an average velocity of 

only 20 to 25 mph w1th peak gusts not much above 35 mph. 
er-

The oscillations irl the Ouncan Doak grew larger and lar, 

with progress of time throughout the f'ollowtng morning of June 

20th, and longitudinal aeiches became conspicuous from about 

09.30 hours on that day~ Underlying these more rapid perturba• 

tions, the long period seiohes (17 mins. or greater) persisted 

and grew, if anything, more obvious as depression 1 of Fig. 

?6 (k) moved in upon the scene. 

The considerable barometric low of the second depression 

of June 21st, 1945, preceded by a N.k.W. wind o~ high intensity 

and long duration, reaching a peak at 04.30 hours, failed to 
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produce as severe Range e~fec t s as its milder predecessor of 

June l9/20th. ·nie sea disturbances f::r.•01:u this second. depress ion 

are seen to have been subsiding to a. minimum at about 09 hours 

on June 22nd at t.he very t i me t ha t t he warm sec tor 2!r mass of 

the third and succeeding depress i on was blowing in from the 

K.N.W. 

~am:Qle 4° .. 

For our next example w~ t ake t he very ~nteros t ing case 

of July ?/8th, 19459 whan a travelling depression of aome vio­

lsnce passed in close pr oxi1ui ty to Cape 'I'o·~m . The track of t h e 

depression centre in this inetanae was probably only a few 

hundred miles south of the Cape Peninsula, for at the height 

or the storm the barometer fell to the remarkably low level of 

2g.06 ins. 

The wind which had blown gustily from the N.W. for 

several days, veered suddenly to the vest with the advent of 

the depression trough. 'l'his concurrence of the cold front with 

the lowest pressure is consistent with the con4itions near a . 

cyclonic centre, and the remarkably sharp drop and equally sud­

den rise of pressure between 02 and 03 hours on July ?th, lend 

support to the contention that Cape Town received almost the 

full fury of the centre of the storm. 

'l'he general conditions are pictured in Fig. 14 (b), frOl!l 

which 1 t will be seen that mean aea level at Gape l'own was 

raised as much ae l'-3" above the normal average level (3 ft. 

above L.~.o.s.T.). The concurrence of high spring tides at the 

precise moment of crossing of the depression raised the over­

all sea level to 6 '-6" above L. ;; .o. s. T., which in conjunction 

with the high seas and ground swells then running, led to an 

inundation and flooding of the llilnerton coast. Figs. ?9 (a} 

to (d) show the havoc and destruction wrought upon that part 

of the shores o~ Table Bay. 
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For finer details of the meteorological and sea. eondition1: 

prevailing at Cape Town, we refer to Fige. 65, 66, and 80. ·Ftg. 

80 carries the pressure, tempera ture and wind records superim­

posed upon the marigram for the period. The barogram of Fig. 

80 shows the funnel like nature of the oore of the depression 

and the numerous fluctuations that preceded and followed it, 

some of whioh are identifiable in the microbarogram and thermo­

gram. Reference to Figs. 65 and 66 establish that these fluctu­

ations correspond with repeated squalls which deluged Cape Town 

with blasts of wind and heavy intermittent rain. 

The same gene1 .. al trend of disturbances ~ n the Duncan 

Basin is noted in this ~ase as in Bxample 3°. Long period oeoilc 

l&tions of about 45 and 20 mins. periodicity precede the shorter 

period seiohee, whioh only begin to be pronounced from about 22 

hours onwards on July 5th, sorue 31 hours after the local wind 

had been blowing with moderate but increasing velocity from N.W. 

and ·,;.Fe. 7/. But whereas in r;xmnple 3° the short-period. commotion 

in the J)uncan Basin followed after the crossing. of the oold 

front 9 in this oase it commenced long before the arrival of the 

equivalent front at 02030 hours on July 7th {compare Figs. 77 

and 80). 

The embroidery of the marigram of Fig .. 80 _grows steadily 

larger throughout July 6th and 7th, and reaches its crescendo 

during the late hours of July 7th and the early morning of the_ 

8th, after which it gradually diminishes in the 24 hours ot 

calm that succeeded the storm. It is noticeable that during 

the building up of this embroidery in the 24 hours of July 7th, 

numerous pressure fluetuations9 identified with squalls and 

having the characteriatics of waTes, crossed over Cape Town. 

Oscillations o~ the wind, detectable both in the velocity and 

direction records, appear to aooord with some of these pressure 

waTea. 
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We take now another example of a depress ion of exception­

al barometric intens~ty which crossed over Cape Town without 

producing Range effeots such as might have been expected of it. 

The case was that of September 3rd. 1946, depicted in detail in 

the composite record of Fig. 81. 

The depression was preceded by strong south-easterly 

winds prevalent throughout September 1st and notable for the 

periodicities reflected in both their velocity and direction. 

1'hese winds would appear to have stimulated long-period seichea 

in Table Bay, which, with the tailing out of the wind and an 

increase of barometric fluctuation, reached fairly la~ge ampli­

tudes between 03 and 06 hours on September .:md. 

'l'he arrival of the warm tront of the depression is de­

fined by the temperature drop (cf. p. 199) and the increase ot 

wind wloctty at about 68,:,o hours on September 2nd, when 
wind direction also took a l~orth-1,orth-VJeeterly set. .During 

the next 24 hours this wind blew with sollie fluotuation and gusti­

ness at an averag~ velocity between 10 and 2,0 mph. while press­

ure dropped sharply towards its trough at 06.30 hours on the 3rd. 

Shortly thereafter at 08 hours the wind backed suddenly with the 

arrival· of the cold front. A secondary cold front appears to 

have followed close in the wake of the primary at 13.30 hours 

on September 3rd, when the wind veered round to the Svuth again 

after a short return to its N.W. inclination. 

The agitation in the Puncan Basin accompanying this de­

pression takes once again the same general configuration as the 

disturbances of the previous examples, although the amplitudes 

in this oaee are generally much less. The short period oscil­

lations are preceded by longer ones, whio~ tend to show maxi­

mum amplitude just before the higher frequencies attain their 

greatest magnitude. It is to be noted that there was some 

diminution of the disturbance between 15 and 17 hours on 
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3eptember 3rd before i t increased again to maximum amplitude 

at a.bout 20 hours on the same day. This may or may not have 

some connsction wi th the apparent primar y and ~econdary cold 

fronts, although these fronts are diffuse a.~d no t very obvious 

barometrically. 

Example~. 

'fhis and tJ1e next example are given to show how ~ange 

can develop in circl.mlatances of almost perfeot local calm. 

On the occasion of November l4/15th ~ 1945, the weather 

characteristics for Cap~ Town were as rerleoted in Fig. 15 (a) 

and in greater detail in Fig . 82.. It will he eaen that the 

local wind remained entirely negligible at the very time the 

agitation in t he harbou~ reached peak proportionse The general 

wind- drifti1 nevertheless& wa.s from the liorth-West on a falling 

barometerg and the Range disturbance in this oase preceded the 

main trough o~ the depression and any di Tfuse cold front that 

may have accompanied it o It is to be noted that this incidence 

or ~ange was as severe i n magnitude as that ushered in by the 

considerable storms of Tixa.ru~le s0 (Fig. 77). 

-.~ . l 7° .,.:.;xam p e . -.!. 

;mother euch case of Range-action developing during tine, 

calm weather at Cape Town, wae that of Deoember 17th to 20th, 

1946, for which the gen~ral conditions are shown in Fig. 83. 

Unhappily the tide gauge developed. a fault from bad 

elec t rical contaota throughout moat of December 17/l8th, and 

the ma~igram record for this period is missing s o that the 

ascendency of the Range disturbs.noes cannot be followed. Ry 

the time the fault was located and corrected, the oscillations 

had attained to maximum propo rtions, far larger, relatively, 

than anything shown in the previous examples notwithstanding 

the fact that local wi nd was negligible and the day calm and 

tine. 
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lt was noticed on thia occasion that well defined bands 

of light cloud, well separated by blue sky, but stretching a­

cross the whole dome of the firmament on a north-south front, 

were ra.oing overhead from the l\orth-'iiest., To judge by the 

speed of progression of their shadows they must have been trav­

elling at a.bout 40 mph. Ji'ig. 84 is a photograph of portion ot 

the sky as enlarged from a frame of a 16 mm motion-picture 

taken at the tilLe, showing the wave pattern in the clouds. 

l'he author took cine-photographs of the very considerable 

surge action taking place in the 'cut' or entrance channel to 

the Alfred Basin ( ?ig. 4). \iater was surging in and out here 

in a spate which must have attained velocities of 7 or 8 knots~ 

It is olearly not possible from ?ig. 83 to identify any 

cold front with the remarkable embroidery _of the marigram. l'he 

barogram, however, shows that two depression troughs passed 

over Cape Town, the first between 17 and 19 hours on ~eoember 

17th, and the second some ~4 hours later, on the 18th. Baro­

metrically, however, these troughs were small and of easy 

gradient. 

Other instances of this kind» in whioh Range-action 

<ieve.Loped. under conditions of local oa.lm, have been fai.l"ly 

numerous: a few other occasions have already been cited in 

Section b9, (p. 164). 

The above examples may be regarded as typical of the 

varieties of form and mode of generation of Hange-action of 

the shorter-period kinci in Table Bay Harbour. Hestrictions of 

space and time prevent presentation of more detail in this work. 

w'hile the accumulated eTidence so far establishes !neon· 

testibly that Range-action at Cape Town is closely linked with 

the passage of travelling depressions of the South Atlantic, 

the particular manner in which the sea -disturbances are gener­

ated by the de~reasione is not 1.niraediatelv evident from the 
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faots thus far considered. '!'hat the cold fronts of these de­

pressions are specificall y responsible for the phenomenon is not 

proved, al though it can be said tha·t the r e a.r e strong implica­

tions that air-waves or. barometric fluctuations~ preceding or 

following in the wake of these fronts, have important bearings 

on the issue; further, W,! have noted that the exhaustion or 

dissipation of the depressions seems · also to be related thereto. 

62. Hypotheses on the Ueteorological Origins of Range. 

The anomalies to which we drew attention in Section 59 

(p. 164) remain still largely unresolved, although the connection 

between travelling depressions or barometrio disturbances on the 

one hand and Range-aotion on the other can now be accepted as 

fact. Some of these anomalies have been further reflected in 

the examples or the last section, and their explanation at this 

stage demands a certain amount of conjecture. 

If we recognize the possibility that Range (deriving from 

purely meteorological sources), may be born of several distinct 

causes associated with travelling depressions, each of which may 

operate independently or in unison with the others, we may vent­

ure at least two plausible hypotheses to account for the Range 

phenomenon and explain away the difficulties. These individual 

modes of generation may for the present be tersely postulated 

in the following: 

a} Generation bl Air....!§.~es (~~r2!!!.~t.~o ~ . .!\n9!!.9metrig). 

Here it is believed that air waves are a common feature 

of barometric depressions and are frequently to be found a­

long the marginal interface defining the cold front, itself 

an atmospheric wave. By means of fluctuating vertical press­

ure and wind traction of the surface of the sea, it ie sup­

posed that these air-waves generate sea-waves or swell with 

a wide range of periodicities. including visible surface-
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waves and invisible ground-swells. The long arm of the 

cold front of a depression, in terms of thi s concept, acts 

as a broom in sweeping sea-waves before and behind it. 

b}. Generation by the Exhaustion of f?_eQressions. 

A travelling depression of some intensity elevates 

the surface of the sea beneath it o .t\S long as the depress-

ion moves forward slowly or varies intensity gradually, it 

is possible for the entrained hody of water to conform with 

the rate of change by rising or ciisperalngo &.tJ ruquired, in 

weak currents. It ia possible, however, to visualize very 

sudden intensification, cessation of· 'forward movement, or 

exhaustion, of a depressiono oauaed by a recession or in­

rush of neighbouring a.nti-cyclonee, such that the normal 

stability of the elevated water mass is upset. Long waves 

in such circumstances would almost i nevitably develop in 

conjunction, no doubt, with shorter swells frolli increasing 

or dying winds, as the case might be; these would tend to 

radiate outwards from the depression centre. 
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!,!R-WAVSS AIL) DI3TUR§trnCES OF ·rHE ATI:O .. ~FHERE 

---------·--------------------
' J\s soon !!!.S e. l i ;hter fluid lie s above a denser onff with we: 

defined boundary, then evidently the eonditiona exist at this bm 
ary for the ori~in ~nd regular prop~;ation of wa~01 9 such ae we 1 
familiar with on the surface of wate?'. 

• ___H:erm~nn von Belraholtz • 
U'lbflr A.tmosphlll.rische Ba,;ie~un~en, (lAAq) 

~~- Th§ sugges\ion of ?!YftU 1n \he Atmospher1a 
We have already shown in Section ~9 (pp. 14A-1~) 

that long•period seiches in Table Bay are infallibly linked 

w1th the incidence of prominent barometric oec11lations ot 
the atMosphere over Cape Town. We have further noted in the 

last chapter that on some occas1one when Range-action baa de­
Yeloped out ot the storm oond1t1ons aeoompany1ng trawll1ng 

depressions~ there bave been peculiar quas1-~r1od1c tluctue 
at1ons in the surface w1nd-veloc1t1es and in the bai,ometrtc 

preasure. Chrystal had obsened the same sort of thing oYer 

the Scottish lochs, and had concluded that barometric ine­
qualities and wind-va1~1ationa of apparently periodic char­

acter were the maJ~r cause in the stimulation of lake-seicbes, 

(Section 31, p. 86). Chrystal, however, was cautious about 

attributing the pressure-f"luctuations to the existence ot air­

wa-.ea, largely because strictly per1od1o var1attons were 

rarely encountered, but our own analysis of tbe oao1llat1ons 
of the atmosphere on those ocoaeione already cited 1n Section 

49, have suggested that the 1:rregular nature or the barometric 
undulation may be accounted ror in the co-existence or eeyere 
al atmospheric wave-trains ot d1fterent per1odic1t1es, some 
of wh1eh appear to be h18her harmontca or the matn train. 

The question now betore us 1s whether, in tact, a1r­

W&"198 are a feature of atmospheric disturbances, and, 1t so, 
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1n wbat circumstances 'they are engendered, and how theJ oan 

be held t o aooount tor the phenomena of coastal setches and 

we return t o our consideration or the c1reulat1on ot 

the earth' s atmoaphe l'.'e {Section 55, p . 157) and the polar­

front aisooniinuity, aod shall introduce the conception of 

S1r Napier Shaw's "~nrorld" and "Underworld" • 

rt w&e Helmholtz who r1rst tntroduced tbe idea or the 

strBt1f1cation of the atmosphere in his attempt to account tor 

air o1rculat1on on aound b7drodJ11am1cal pr1no1plea. He waa 

led to the oonoept or the atmosphere existing 1n a eel'1ee ot 

el11peo1dal shells with the earth's pole as maJor ax1a. eaob 

shell containing a layer of atr ot uniform entropy, but d1fteP 

ent 1n entropy ,-alue from contiguous layers, {Fig. 85) • Ob­

serY&ttons and entropy oalculat1ons ha-.e Ter1f1ed that the · 

1aentrop1o layers of the atmosphere do conform ~nerally with 

th1a structure§. Sir Napier Shaw has distinguished the la7era 

by an arbiti-ary boundary surface taken tangential to the 

earth at the equator. The atmosphere above thts bounding 

surface he called the Oyerworld. ·and all layers below 1t, 

cutting the earth• e sur face at an angle. the Underworld, . 
(Fig. 65) y. Show 1dent1t1es th1a demarcation between the 

overworld and Underworld as being synonymous with the polar­

front d1scon~1nu1ty~~ 

It 1s largely the interplay in cont1@UOUS layers ot the 

OTerworld wlth the Underworld that 1a responsible tor the 

polar,..tl"Ont phenomena ot the tre.nll1ng depress lone. Shaw 
0 Vapier Sh~w; (l.oo !Ultft p. 39), fa~]. Vol. IIIp p

0 
316

0 t 'Ueber atraosphar1sche Bewegungen' • 1888; of', Shaw P (ibidJ [82] fl 
§ Vol. IV, pp. 58-61: aee also Bnint, (l.c 0 ante p 11~) f59] t Shaw, {1bido) 9 [32Jp Vol 0 IIIp P'i~ 0 95, p 0 252. 

0 

. • • 

·.· Ibid., [&i) • Volo III 11 Po 3162 also Vol. IV• p
0 60 

c. Ibid •• faa], Vol. 1v. p. alf. • 
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p01rsta out that the pr~perty of entropy creates 1n the atmoa­

pbere layers ae 1nd1 'ridually separate as la19ra or ltquld of 

d1fterent denatty *. These layers b&'f9 a natural reellt•nce 

which 1s only destroyed through the agency of water -.apour, 

weather be1ng, 1n efffict, the result of th1s action. 

Helmholtz, 1nTest1gating the rela~1Ye mot1ona ot two 

1sentrop1c layers of air at the1r surface of sel)B.rat1on, 

showed that on theoretical principles gravity waves must be 

set up, similar to the waves induced by wind on water. If the 

two a1r streams have equal and opposite veloc1t1es the waTee 

take the :rorm or stationary waTee~ normally, however, w1th un .. 

equal a1r-eurrents, cross1ng each other at an angle. they 

propagate at a Teloc1ty representing the d1fterenoe between 

the component Yelooities ot the air sire.ams 1n a reaolYed 

common direction. 

65, Tmxe111n, Ueux:esa$,ons aa BtfftJ.n,z }!ayes ot tb1 Atmaetine;ce, 
Helmholtz attributed the formation of' cyclones to the 

general interaction or opposing air streams : 

9 On account or the numerous loo~l disturb~ncea of' tha gfflat 
atmospheric ourrents 9 there will 9 as a ?'l.llA~ be formed no c~ntinu­
ous lin~ of sepa:re.tionp but thi~ will bf:! b~oken into s~par&~ 
pieoes whioh must appear as eyclonea. 

'But as s~u as the total mixed masses ha'V6 touad their aqui­
libriu.111 the surfaoes or separation will again begin to form below, 
and new wa" formations will in! tiate a repati tion of the sam., 
processes• t o 

Thie idea was later taken up by v. Bjerknes 1n develop­

ing tbe polar-..f:ront theory wb1oh we have already referred to · 
s 

1n detail 1n seo~1on 56 (p4 159) ~0 

It 1e now commonly accepted that surt~ce oyelonea are 

related to the rou@hly regular waft-pattern :f'ound in the iso­

bars ot the upl)er atr charts. (which haTe become aT&11able 

t L.o. (ante p. 39), [32). V()lo III, Po 302. 
l.c. (ante Po l81J, (32], Vol. IV, Po 63. 

9 Ct. Shaw, (ibid.), [S2] 0 Vol. III 11 Po al. 
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only comparat1vely recently 1n the history of meteorology). 
~h1e WSTe-aystem anc1relee the hem1sphe r 1cal upper air 1n 
latitudes Just north (or south) or the high=preasure doldrum 
areas of the t emperate zones~ and has in e-enera.1 fewer cycl one 

I) ic centres "" somet imes ae few ae three .... girdlin p: -the earth • 
We shall here adT&nce the suggestion that t ravellin g 

depressions or the. temperate zones are manifestat i ons of the 
\'Ortical breaki ng at t he earth 1 a surface of the hu ge atmos ... 
pnerio wavee formed betWGen different isent ropic layers at the 
po1ar~front discontinuit y. Fig. 85 shows t hat .s uch a d1scont-
1nu1ty would intersect the ear th • e sur f ace a lon g a circle ot 
l atitude , and waves a t t he interface. i n t heir normal progres$ 
sion from est t o east would be running o er a -,ar1able depth 
of a t mospheric ocean, t he dept h d1m1n1eh1ng from high lati­
tudes towards the equatoro In consequence the atmospheric 
waves would be subject to the· same ~neral turbulence and re­
taroat1on that accompany breaking sea-!raves on shoaling ground, 
abci nould tend tq rorm the "f'Orticea charaoteri st1c ot the 
tranll1ng depreae1one. 

Tfi1s behaTiour of a t mospheric wa~es wae en'Yiaa ged by 
Helmholtz: 

vThe boundary surfaces of diffe T0nt strat~ of ai r , ~long which t he \'laves travel, have one edge at the earth's surface and there the strata become superficial. Experience al so teaches, as d~s the theory 9 that wate r wavaa t hat run against a shallcm shore brea~ upon it, anG even wavas which originally run parallel to the shore ~ropa­gate thsmselves mor~ slowl y in shallow wate r. Ther~to:re waves which are ori;inally reotilinsar and run paral l el t o the banks will i n oon­seguanee of tha delay become curved £ wha Teby the convexity of t heir arcs is turned towa r ds '!;ha shore; 5.n consoquauce of this they run u­pon t he shore and bra a~ to pieces the ra • • • 0 0 I the re fore believe t he I\~ is 110 reason to doub'I; that waves of ai:r which in the ideal at utoaDharic circul~tion symmetrtod to the [earth's] nxis could only progress i n a wes t -east dire6tion 9 must 9 ~hen once they ~re initiated in the real atmosphere I turn down t owards the earth' a surfs.ca and b reak up by run-· ning along this in a north-westerly direction' fin the northern hemi ­sphereL t 

! Cf. RoEsby: ( loCo ante Pc l64) g [86]. 
' L.co (ante p. 181 ) p [32L, Volo IV9 p., 63. 
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Such a eoncs~tion, applied t o t ra~elling deprese1ona, 

would explain the a ro- fo1"mation of the cold front s and the 

tact that cyclonic atorma fo l low each other in sueceas1on as 

r lated ram111ea and in appr'oximat ely y.e~lar periods . 

Reference t o Figs . 14 , 15 and 16 will show t hat the 

depresaion trousns i n the ba rometric pressu!"0 curye are actu­

all:r sue;gesti vc of \lR"f'O-fo rw.a·iion. If theaa d1ste·nded weath­

er-charts are condensed by contractin g t be time-s ea.le, the 

waye.-.pattern becomes even more e1ngularly obvious. F1g. 86 

has been· prepared in this way by plotting 5~day averages or 

mean tempeI'8ture, preaeure and sea-level over the years 1943 
to 19~6. The result ia a very interesting ser1ee of curves 

showing the fluctuations of these properties over a number of 

yeare. 

Besides the year by year changes wh1oh are apparent 1n 
these d1agramat t here are the Tery obvious Ttariations tak1ng 

place over a number of days, which upon close scrutiny are 

round to be strongly suggestive of being cyclic. In fact, 

b&rmon1c analysis · of the pressure and t emperature curve• 

1dent1f1es unmistakably 1n 0ach a sequenc Qt wa~es ot ~r1od~ 

1c1tiea 122, 72, 36, 24, 17! , 14i, 11} days running as a 

theme upon the period1o annual var1at1on~. 

T:e are thue led to ask whether. ba"0'ing regard to tbe 

supposition that tra.vel:J.1ng depress!ons are indeed •1•.a or . ' ' . ' .... ,· · ', . 

oscillations or the at mosphere. 1t 1s · rational t .o sup~s~ 

that they would alwaye exh1b1t th& eam& combination of fre­
quencies, or whether 1n fa.ct the apparent cycles are only 

purely random. 'l'be author 1s aware or the oontrovera1al na-, . ·. ' ·.· .. ·,·,'·. . 

ture of this subject and or the conflicting views ~ommonly 

held regal"ding the existence of per1odio!t1~g in weather-,, 

Performed by Chryatal' a 1'9thcd or &,iduation. ~t. Se~tion. 89, 
p. 255post. , , . . .' 
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phenomena, but the qu!!st1on ha.a been very ably and dispassion­

ately discussed by S1r Napier Sha, who points out that a de­

~~ae or resilience in the structure of atmoe!)t~erio elrculation 

will almost certainly give r 1se to states ot osc1llat1on. 

e1ther natural or ro r oed, depending upon the exciting causes 

• and the orograph~eal l eaiures forming the boundary cond1t1onso 

~'le cannot~ do better t ·nan quote him on th1s subject: 

9 Jfo tllflteorologielt would be pr0p!i~d to deny ·the res.lity of the 
erletsnoe of' th.9 periodic ohanges in the ,;enera.l cirouls.tion whtcsh 
a.re regulady related to the day or the year 0 &nd in like mam1er the 
changes in any other natural interval might on analysis dioolose a 
periodic oban~ of a oeFhain ?.ffl.gnitude 0 but there is nothing whiGh 
f'inda such genaral and easy mcognitioa as the alternation of day 
and ni(l'ht m.nd of. swimHr and winter' • 

If th~ ~er1odio1t1es we have unooverad do exist 1n 

real1ty there muat be aome physical ~xplanat1on for their 

presence: although 1t is not within the scope of this work 

to delve too deeply into this 1ntereGt1ng the~, we are strong 

ly tempted to speculate on the s1gn1f1oance or the prominent 

24, and 17} day per1od1e1t1es exh1bited by the depressions. 

From F1go l4{ b) 1t will be seen that particular de­

prees1on tr~ugha can be identified both at Cape Town and Port 

Elizabeth in such an unmistakable way as to show that their 

average SJ)e@d of pro~ress1on eastwards alone; the . intervening 

c1role or l atitude (33° 57' s.) 1s about 37,~ mph. At th1s 

speed and latitude the waves would take ebout 23 daya to 

circle the globe. It some allowance were made t or higher 

waTe-epeeds in the deeper atmospheric ocean further south 

it m1gbt possibly be found that 17~ days is the time. that 

would be required for a depression wave to c1rcumna-Y'igate tbe 

earth at t he latitud1nal interface between the overworld and 

underworld. Th1s would not necessarily imply that such waYea 

would propagate ent1roly round the world: 1t would howeYer 

indicate the tree per1od ot oso11lat1on or the atmosphere 
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along the polar ... front di0cont?.nuit:, a.nd the f'requ@ncy at which 

waves would tend to be generated. The 24 day periodicity could 

possibly be some variation of this deriving from the orograph1-

cal ~ffecta of the land maasea, and the othar periodieitiee 

found might_ be harmonica or overtones or related to meridional 

oac1llat1ons. 

i!Jhether there is anything in this speculation on the 

physical meaning of these periodicities must be left to other 

analysts who are better qualified to Judge, but we may draw 

sou degree of confirma.'t.ion of tb1s outlook from the 24, and 

36 day periods detected 1n the weather of the northern hemi­

sphere by ~e1chmann and others *. 

'rhe implications are, then, that the cycles of occur­

rence are real and that the wa•e-theory of f'rontal depressions 

1e oontlrmed by these findings. Cyclonic storms then would 

seem to be the eddies formed by a train of breaking atmospheric 

w&Tes ot numerous periodicities, some or which are harmonically 

related. The amplitude and phase-relationship of the concurrent 
per1od1c1t1ea will determine the magnitude of any storm and ex­

plain why some are of exceptional violence and others compara­

tively innocuous. 

The regularity of the 36, 24, 17}, lA! and 11} day peri­

od1c1t1ee over so many years (Fig. 86) would seem to commend 

itself to the attention of meteorologists as a valuable tool 

1n weather forecasting, especially 1n the South African coastal 

regions • . No doubt similar trends could be discovered over the 
great land-masses and long-range forecasting of weather thereby 
greatly assisted. 

From a more exact knowledge of the ampl1tudea 0 periods 

and phases ot the harmonic components than the author has had 
t1neor opportunity to eTOlve 1n these pages, 1t should be possi­

ble to compound future weather trends by working from the data 
* L.o. (ante Po ~9) g [32L, Vol .. lll, Po· 32. 
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of the immediat~ pa.st . Reasor1a'bly accurate !oreor..sts up to 

periods ot' 17 daye ahea · . of- current time ahoul6. b& porJeil:,1& 
~: 

on this basis • such forecasting would &lao be of Vt:t.1ue 

from the point oi' view of anticipating we'.'il itl 6.d-v-ar,c:& · 'i'eally 

severe Ran~-distux~'t;ancea at <;ape Town. 

ln Section 10 (p. 58) we referred to a. elow fluctua-­

tion of' mean aea .... l\1V@l 0 oontorruing wi tel ·oaromett•ic prtt&&ure. 

Thie is obvious 1n a.'11 the diagX"&ltls of' ~·:tgs. 14 to 16, and 

1n t'he light ot what hae bt,en ea.id above, it e~n b~ i"'\':Jgarded 

as consist ing or a SE::riea of sm($l'i. amplitude, vei•y long per­

iod,. forced sea.-wa"°em, accompanying the 'ba1."'on1etric disturb­

ances.. 1'he X'EJ°.lationehip is further demonstrated in Fig. 86. 

Untortunat~'.iy, owing to numerous failures cf the recording· 

tide gauges and the pt>salbi).ity of ineorl'°~Ot rt.Jadjur1t,n1,n1·t,t,, 

it cannot 'be said foz• cer·tain that mean t,ea ... 1evel actul:illy 

underwent the overall falling t~nd rei'lected 1t1 is':i.g. 86; 

neverthelesa, it will be seen that the .:;a.me long-pertod 

fluctuations as occur· 1:n the prettstt:t"tt c;-u1•·"tas are ev1df:meaJ. 

inversely in the 1nea:a efta-levela. 

Although we nave only dr~wn atiamt1on tu :the moet 

oo•1ous period1o1tiee in each annual record of F1g. 86. 1t 

1s appllrent that other long .. ·term secular ebanges are at wo~k 

producing variations ot pressure and temperatuns from y8ar 

to year. 

In Section 14 {p. 43) we advan~ed t:&n exp'larsatton tor 

this by aaoribing it to alow mutations of the ttem1apher1ea:... 

high•preasure belts, probably or a cyc'l1c rtatu:re.. Sueh a 

slow perturbation of the polar-front discont1nu1tJ could ac­

count tor the lessentng at the severity of ilan~...a.ctton ta.at 
IIJ 

Applioatione of this kind to th6 forecaRt1n~ or :river flow ha'Vft 
been ma.de wi ~h som.e s11ccess apparently by e~giueera in the O' 

0
S .A. 

Cf o Person. Cyolio Variations 111 C()lumbia River Flew Studied' 
Ci'ril Euggo II 19500 [e?L, p. 267. . . ' 
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bas been noticeable over the years since 19d0/~1. 

66, SMllar Atmospher1c ,.va.vea acc2mnan;r1ng UnnmeeiOJJe. 
Helmholtz in his 1nvest1gat1ons of atmospheric circu­

lation proved the ex1etenee of more than one form of wave. 
~ To quote b1m: 

'The calculations performed by ma shmv further that for the 
observed velocities of tha wind th0re may bflt formed in the atmo­
sphere not only small wavesp but also those whose wave-lengths 
a.re man,y kilometre a, whioh when they approach thft earth' a surfaGe 
to within an altitude or one or several kilom~tres, set the lower 
strata or air into violent motion and must bring about the so­
called gusty weath0r, the peculiarity or such 1 . .,.~ather (as I look 
at it) consists in this, that gusts of wind often aooompanied by 
rai,n are repellted at the same place 9 many timss a driy, &..t nearly 
eQUal intervals and nearly unifornt order of succession.' 

~ore recent students of dynamic meteorology have 

1dent1f1ed tbe existence, on theoretical ~unds, ot seTera.1 

types of wa,res that may occur at the frontal surfaces or 
t cyclon1c depressions. Briefly they may be claes1f1ed ~ aa: 

(a) Short lfflstable waves, g1Y1ng riee to billow clouds, or 
a wave-length ot a few kilometres and a period ot some 

minutes. 

(b) Short stable waves of waveclengths rrom a few kilo­

metres up to about 500 kms. 

(c) Unstable cyclone waves or wa.ve~len@ths f'rom 500 to 

3000 kms. 

(d) Long stable waves or wave-lengths greater than :,ooo 
kms. 

The last Section can be said to have dealt with 

w~ves or type (c) and (d), but the types with which we are 

now more particularly concerned are those falling under the 

class1t1cat1on of (a) and (b). 

tt would seem to be obvious from our consideration 

of the structure or a travell1n~ depress1on {Fig. 72) and 

;ts 
L.c. (ante p. 181). [32], Vol 0 IV. p. 62. 

t er. Pettersen, 'lfeather Analysis and li'ol'l'9outin~', (N6W Yorlr), 
1940, [88), pp. 309-3190 
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the Helmholtzian concept of the
4
genea1a of air-waves that 

such waves must form along the frontal aurf'ace~ ~t . .,,een 

the warm-sec·tor a1r-ma!:la and t he intruciin~ cold a,.:r. A~­

cord1ng to Pettersen the war~secto~ a ir 111lJ. perform ~n 

oscillatory motion both horizontally and vertically on 

this account. 

If such waves exist we should expect to find eT1-

dence of them 1n obser>vable fluetuat1ons or the barometer 

and anemometer. SeYeral eases of th1s kind have already 

come to our notice while 1dent1fy1n~ featuree of the 

tra'Y9111ng depressions 1n the laet chapter (ct. ~P· l?l. 

1?'4, 1 ?8) • b\.tt we shall here draw upon other evidence 1n 

the literature to demonstre.te the ex1stenoe of these 

wa-.es. 
.I). 

ObJtyatal · , as we ha.Te aeent recorded many examples 

ot what he called 'quasi-per1od1o' tluctuatione of bA.roc 

met~1c pressure, and Fig. 24 1e typ1eal of h1s obseM'&t..· 

t.1one. Here the m1crobarograms are obs~M"ed tf'l ha Ye an 

obvious waTe-r,attE1rn 11 confused, however, by. numeroua 

small irruptions, all of wh1ab could no~sibl! be t,b.e re­

sult of interfereflce of trains of' waves ot d1tter1ng ampl1• 

tude and wave ... length. Such pressure fluct,1atlon1t a:, t,hest4 

amounting to about 0.1 to 0.3 mm and of 5 to 10 minutes 

period. have been noted as being eommon dur1.nF ,epellg of 
t 

cold weather ·.. Sbaw haa pointed out that F.111ch em'bro1d4'ry,-

of the barogr.am tends to ite irregll!la.r form a.ur1n~ the ad­

'f'9nt or squalls and thund~rAtorms, but it is .also capable 

ot a Yery -regular form which has "no apparent I'fllat1cm 

to weather". scattered thJ<ou.~hol!t Shaw' a ertf"ns1 "'!"e f"cmr 

volume 'Manual or Meteorology' are numerous examples ot 
~ t L.e. (aute p. 86 ), [42]. .. 

er. Huaphreysp ~Phyaice or the Air' 0 (New York)~ 1940. f89]~ 
p. 239. ·<• • • V 
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baro~ms and anemograms reflecting Tery obvious oao1lla­

t1ons of Tery pure form w1tb per1odic1t1•s ot the order ot 

10, 20, 40 and 60 minutes :.i . Furt.her, accordtn·g to Shaw: 

'The striped appearance or oloud in the sky ay also 'b9 an 
indioation or wave-motion 1U.rked by oondensation in the ridges.' 

... 
but of th1a the~ seems hardly much doubt. for Br1llou1n · 

has po1nted out that the upward motion of atr, wh1ob gt.Tes 

rise to cloud· formation, takes r,laee 1n the boundary betwea1 

two layers of different entropy where Helmholtz has shown 

waves tend · to de-.elop. ·. The cases or obeeM'ed lenticular, 

corrue;at1d or tesaellated formation tn clouds are so legion 

tb&t it must be presumed that wa"l8-tormat1on 1s actually a 

very commfi)n occurre~ce 1n the atmosphere. just as 1t 1s 1n 

the sea. 

67, L1ne-snualJ.s 11 Atmosphertc Botos, 
Retuming then to our concept or w&Te-tormat1ona 

occurring at the actual bounda!'f-eurtace of the cold-tront . . . 

ot a tra.Tel11n~ depression, we may seek to show tbat they 

will explain not only the line-squalls and ~ty weather 

that accomi:s,ny the front, but also some of the eloud-forma~ 

t1ons that are character1st1c ot 1t (ct. p. 162). 

17e may e1te the occasion of July 7/8th, 19t15 (Ex­

ample 4° ot 3ect1on 61, p. 173) tor ertdence of wa;yes · run-

ning down the surface of the cold front. As we ha."f6 seen, 

the arrival of the cold front at Cape Town, (that 1s, at 

its 1nterseot1on w1th the earth), is clearly .eatab11sbed . 

as haTing occurred at about 02 .35 hours on Jul:, 7th, when 

the centre ot the depression was probably within the near 

T1cin1ty. From then on · a continuous embroidery on the 

0 Loco (ante Po 39) 0 f32)p Volo 11 9 Po 376: Volo Il1 9 PPo 28-30; t Volo IVP PPo 31, 145, 160~ 2760 
'Vents oontigua et nuages', ibid, [32), Vol 0 IV, p 0 81. 
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bar-ogram, as the anti-cyclone moTed in behind the d•pre. •­

ion, defined the squalls following in the wake of the cold 

front. Figs. 65 and 66 show the pressure ev.rgee th~t ac .... 

comi:an1ed identU."1ed squalls, when sudden 11ind-guste and 
heavy rain broke over Cape Town. 

These pressu!"$•SUre;es are perhaps not _ very auggest-

1v& of s1nuao1dal waves. They conform more to the analogy 

of estuarine bores resulting from the pilin~ up of tidal 

water at constriction pointa and hallos of r1Yer-mout s 1 

or of breaking waves and waves of translation as enT1saged 

by Soott Russell (p. 105). Corni h has giTen us detailed 
. . 

accounts or tidal bores, a .Qommon feature of h1ch appears 

to be the smaller parasitic waves ~hat ride, so to speak, 

on the back of the . parent-bore, Just beh1nd the advano1ng 

wall of water ~ Close examination ot Figs. 65 and 66 sug­

gests the .same sort or thing 1n the equivalent atmospheric 

bores. which. in effect, 11fte-squalls and, indeed, the 

larger cold fronts ot the depressions themselves a~pear 

to be. The microbarograma of Figs. 62, 63 and 64 show the 

cold tronts to have the same cbaraoteriet1ca, and these, 

. af'ter a11. are the· ·barometric teatures we should eX'J')ect 

of the suppos1t1on of Section 65 (p. 183) that tra-vell1ng 

depresa1ons are atmospheric waves breaking on shoaling 

ground in the atmospheric ocean. 

Cornish made the interesting observation that qualls 

ot a duration of about A minutes pass through a storm at 

speeds about : 10 mph above the average speed of progression 

or the etormt . Thia conforms with the concept that squalls 
are a mauifestat1on of breaking a1r-waYes advancing 1n the 

d1m1nlsh1ng depths ot an atmoe~heric sea. whose ·tree sur­

tace 1s the 1nol1ned cold- front . Jus t ae presaged by 

Helmholtz ( p. 188) .'it.he wane whtcb tend to torm at the 
• L.o. (ante p. 113), (60], Chapter on Bores. t L.o. (ante p. 111). {60] 
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cold-front surface between the dif'terent 1aentrop1c warm­

section and cold .... a.i.r-mase layers" run down t.ha cold-f'ront 

and assume the cha1"E~oter of broak1ng waves or bores which 

xpend themselves 1n violent gusts of wind and rain on 

striking the earth ' s surface. Shaw · , without attempting 

to xplain line-squalls positively on this basis, never­

theless envisaged this poes1bility by rvpeatedly drawing 

attention to the 

'ooooanalogy between the phenom.ena of a traiu of br~akin~ waves 
1''"> ~ ehel~il'.!, S:'.!.~rs :i".'/l th~ J'f>~•tr!'ent shc-.w~~l!l fnt'."'nd\".34)tl by " 
l1neQequall~ that a:re o~en round in the south-west Quadrant or 
tJ nyclcui.o c.isprese:lon durin~ the tr~nsi:tion f'ro'l'il ~outh-wast winrl~ 
to nortn-west 1

0 [U~rthern hemispnere]. 

The cloud-formations peculiar to the cold-front 

(Fig. 72) may perhaps be partly explained as a r.eflect1on 

of wave-energy at the intersection of the cold-front with 

the earth's surface, for here there would tend to be an 

updraught of riimbua cloud, and the lenticular alto-cumulus 

clouds that precedo the eloud-oastles could well indicate 

the atmospheric ripples born out of this turbulence. 

~8, Fe,r!gdic1ty in Wind-Gustinegs. I 

In the last Section wind-gust1nasa was mentioned as 

a definite accompaniment of squall-waves in the atmosphere. 

If waves are actually a physical reality 1n the atmosphere, 

then 1t must clearly follow that the velocity of air­

streams giving rise to such waves will be influenced 

locally by the oscillatory motion of the air-particles. 

To take an example. let it be supposGd that a eurrace air­

current, on the move at say 40 m~h, g1Tes r1se to b1llows 

in the atmosphere, whose existence necessitates an osc1lla~ 

tory mo"tement at the earth• e surface or 10 mph ( maximum) , 

purely on the1r own account. The recorded wind-effect at 
e 

L.oo (aute Po 39, [32], Volo I1 9 PPo 21 9 380; Volo IV.ppo63,286. 
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gro~nd level would then be a fluctuation betw en 30 and 

50 mph at regular intervals, producing an 1mpresston ot 

gustiness. 

It is true that surface irregular1t1es and the 

turbulence that go with them must ntroduce a larse d -

gree of disorder and rsndomnas in w1nd-reoord1ngs at or 

near the earth's su~ace, but~ tor 11 that, we tind that 

the underlying wav -form 1s often very clearly and unde­

niably portrayed. Thie ts exhibited 1n the anemometer 

records taken by D1nes at an ele..at1on of 98 feet abo~ 

ground level on l'yrton Hill 1n Dr1ta1n · • The normal rib­

bon of w1ndeveloc1ty 1n the anemograms ehowed the tam1~· 

tar 1rre31J].artt1es trom wind .. gust1ness, but a more open 

time-scale that wae tried out showed that this 1rregular-

1ty carried a strong suggestion of w&Ye•torm. D1ne te'bh-

... ered a small balloon by a tbre~ 100 feet long to the 

top or the anemometer pole on Pyrton Hill, and recorded 

the var1at1ona 1n its altitude, and, here again, the 

embroidery or the record is 't'erJ eug~st1 ve of' ave­

pattern. Besides the frequent alternations or w1nd-d1-

rectlon that take only a few seconds. Dines roun~ quae1-

per1od1c rluctuations opr8ad owr seTeral minutes. Apart 

rrom th1s fairly high frequenoy variation in wind-veloc­

ity, there 1 often evidence of longer-period osa1llat1o?'.8 

whose reality 1s undeniable as Shaw has pointed out • . 

But in eTidenoe of ave-form 1n wind-recordings we 

need go no furt.her than our own measurements at Cape Town, 

which, as noted in section 45 (p. 130), were obtained 

trom an anemometer placed on the top ot the grain-ele-,a­

tor at an approximat~ leY8t1on or 150 rt. above sea-leTfl 

el. Th1e anemometer. while perhaps not immune to small 

w.dy ai'rt1ut.& trom i-.ne tall bllild ng on wh1ch it ff89 

t$ Cf. Shaw 9 (1 "o. auto Po 39) 0 f 32) l> Volo IV, PPo 145.149 .. 
lbidp {~], Volo III 0 Po 29: Vol. IV, Po 31. 



erected, had uninterrupted exposure to winds from the north­

west, north and north-east directions, ad"tancing direct 

from the eea or the Cape Flats. In the southerly direc­

tions oro graphical effects from Table l~ounta1n and the 

nearby Signal Hill, however1 would be a factor tending to 

deprive the reeord.1n(:!.8 of some (.1;eneral1ty. 

we may consider first the anemogram tor June 19/20th, 

19A5, reproduced 1n Fig. 78. As we have seen from Example 

3° ot Section 61 (p. 171), the wind on this occasion rose 

suddenly from the north-west as the frontal depression 

moved in over Cape Town. It represented a dsf1n1te mass­

movement of a1r. ·the spearhead of which was travelling at 

a velocity or between 10 and 20 mph. The anemosram shows 

the familiar guatinesst but lying almost concealed 1n the 

dense ribbon of wind-Y8locity 0 there is an unmistakable 

pattern with wave-character1stica. Periodicities approxi~ 

mating 11 and 21 minutes, (one probably the second ha1•mon­

ie of the other), are 1dent1f1able 1n the first 5 hours of 

the pa.sea@' of this air-stream over Cape Town. Extreme 

gustiness for the next 4 hours, however, occludes any un­

derlying harmony. 

With the arrival of the cold-front at 19 .. 50 hours, 

marked by the veering of the wind, there is a noticeable 

reduction in high-frequency gustiness and a corresponding 

revelation of the low-frequency variation with apparent 

periodicities of 33, 16.5 and 6.7 minutes. A little later 

between 22 and 23 hours there ie a. remarkably regular 

fluctuation of wind~veloeity approximating 6 minutes. 

Gustiness obscures the trace tor the next several hours 

until a.bout 05.30 hours on June 20th. when there is a re­

currence of the 33 minute oacillat1on and its fitth harm­

onic, 6.7 mlna. 



A aign1f1cant feature or these variationa or wind­

velocity is that they are nften ac~ompan1ed by c~rl'9s;,ond= 

in~ cyclic changes in direct\on a~ may readily be se~n in 

the anemo~ram re~roduction in Fi~. 11. 

In all the anemogram re-traces Qf Figs. 80 to 83 we 

find the eame story, oft repeated - namely: ,,n1111~t.akab1a 

periodicity i..n wtnr1-T~locit.,-::r or direction on moet, ocea!llio~s 

wh~re h1gh-frequeney ~1~ttne~e do~s not 9bolly obseure thB 

iast,0. 

c,f With the crosAing or the cold-f~onte and line-equ~lls 

/Figs. 77 and 80 It in pa.rt1oulare we find the overall fluctu= 
ations of wind-velocity and direction to correspond exactly · 

with the barometr1e pressure.,.surgee. This is very clearly 

defined at 19.50 and 2A.OO hours on June 19th, and between 

07 and 11 hours on June 21st, 1945, (Fig. 77)~ ae also at 

02 .30 hours and throughout most of the day on July 7th. 

1945, (F1g. 80). 

From all this eY1dence there can be but one con­

clusion: that the supposed random\'leas in ind ... gust,iness 

may often be more apparent than real, and that BUStiness 

is sometimes largely dictated by the orbits osc1llat1ons 

or the air in conrormity with the passage o"ferhead of at­

mospheric waves. 

69. Q2.-~~~1nge gt w1ru1.and fls!rgrnetr\c Qs2111at12na... 
It 1s noticeable from Fig. 77 and Figs. 80 to 83 

that the w1nd in @eneral appears to be a tar more aens1-
t1Ye 1ndex of the presence or atmospheric ?raYee than the 

ordinary barometer. This obserYBt1on is explained by 
I) 

Helmholtz's theoretical ~rognostioat1on: 
....,.,1ttr.ili~;U;,,..._..14.,11. , ............... _._ • . .-~---. ........ ,.,.. •• .,~c..--•;.•..,.........._.~_.~•---· ..... - ............................. ..,..,..,....,t~.,,,...__ 

41 
L.c. (aikte Po l8l)p f32L, Vol. IV. Po 650 
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'When it 1a calm at t ho sar-l:h' s surface tha Viind beneath 
the trough of th~ ae r ial billow is opposed to the direotion of 
propagation, but under. the SW1lnit of the billow it has the sa.me 
~i:rection aa that [propagation]. Since ~he amplitudes at the 
ea.rth 9 s st11r:t'ace are ,Umb.ishad in the proportion e-nh/1 rith 
respect to ·the a.,npl itud0s &t tha upper su:i.,faoe 9 therefore these 
latter variatio~J @an only :li&ke themselves felt be low when the 
depth is notably smalle r than the wave-length. Variations of 
bairo100·l:;:i:•ic presrm.,re ani only to be 1'91:cpscted .vhen decided 
changes in the wind u·e tiClticed during t:ie trans it of the 
wave, ·. 

But the surface-wind, sweeping in from an open 

ocean, we may assume, obeys not only the wave-form motions 

of billows at the surface or separation of different 1sen­

trop1c layers· of the upper air, but also tbe osoillat1ons 

of surface a1r-wa~'es a.a the result or the play of wind 

over water. For it is entirely rational to suppose that 

11" a wina. ... et1"eam , exe:rting traction on the surface ot the 

· sea. oan generate water-waves ,.n that fluid medi.um, then 

corresponding wav&s must,· 1-pso facto, be ,aet up in the 

atmospheric medium immediately overheade Some of the 

w1nd-oseillat1ons recorded in the anemo~Tams may there­

fore be evidence of surface a1r-wavee which would not ald 

ways be aecompanied by perceptible changes in pressure. 

Thus, in Figo 77, very obvious w1nd-cscillat1ona of a 

period approximating 5.8 mins. are to be found in the re­

cord of veloetty between 1~ and 15.30 hours on June 20th., 

1945, when the w1nd was blowing rr~m the west, although 

the mierobarogra.n for that period (not reproduced here) 

showed no equivalent fluctuation. 

The presence of minute barometric fluctuations on 

some occasions and not on others 1s a feature of consid­

erable interes t. On June 23rd, 19A5, tor instance, the 

microbarogram (Fig. 64) showed that decided pressure­

tluctuat1ons were accompanying w1nd~gusts from a generally 

south-south-east direction, although in the more Yiolent 

winds of June 2d/21at (F1g. 77), from the north-west, no 
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such preaaure-d1aturbancea chequered the m1erobarogram 

trace. (Fig. 63). 

It must be said that apart from the few barometric 

tluctuations four1d over-r1d1ng the cold-i"t"Onts and squalls 

f:rom the northa•W0St direction, the only really prominent 

high-frequency inequalities recorded on the .m1crobarograms 

have been a feature of winds ?rom the south~eaet direction. 

During really violent south-east gales .of which Fig. 69 

is typical, the microbarogram showu a more frequent scal­

loping than that of Fig. 63. Although periodicity in such 

records seems uon ... existent, cloae scrutiny reveals that 

1t is nevertheless there, ae may be seen from t he obvious 

pressure waves showing up quite clearly juet after 2.14 

p.m. in Fig. 69. 

Just why south-east winds should be more subject 

to this presau:re fluctuation than winda t'rom the north ... 

west 1a unoertain.. It may have an explanf,t1on in Helm­

holtz' a observation that preesure-disturbt.nces from air­

waves w111 only be felt at the earth'3 sul'face when the 

height above ground-level of the wave surface-of- discon­

tinuity is shallow eompared with the trave length ot the 

wavea. It may also be connected with the position of the 

observing station in relation to the surrounding oro ... 

graphical features/,, Table Mountain lying d11•eetly athwart 

of the 11ne or approach of the south-east winds. 

Where mountain-peaks obstruct the passage ot s trong 

air-currents, standing waves tend to be set up on the 

leeward sides in the same way that standing wa•ea are cre­

ated on the down-str~am side of stones or boulders in 

mortng currents of water.. Lenticular formations of cloud 

are sometimes observed 1n thts way near the summits ot 

mountain-peaks~ notablJ Mt. Pico 1n the Azores. and 
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11,l 
r,,t .. Etna :ln 'Sicily • On :rare occasions similar cloud-

format1orle have been observed ,.n the lee of Lion' e Head 
! 

at Ca'Pe '11own, when the wind ha.a had a south-'f1eeterly set , 

but flr the moat part the 't,able cloth' of Table Mountain 

does not exhibit this structure. Nevertheless there seems 

to be other evidence to suggest that standing waves may of­

ten be the re . 

Thus 1n Fig. 87(a) we not1ce that pronounced long­

period barometr1c oscillations occurred over Cape Town on 

September 12/13th, 1945, and again on the 16/17th. The 

wind-records fo .r the same periods, Figs. 8'7(b) and (c), 

show concurrent wind-oscillations in strong air-streams 

comin~ from the south-east. The periodicities, which are 

very evident in the anemograme, are about the eame in each 

ease ~ namely, about 34 to 35 n11nutes, while those apparent 

in t he barogram .apneai• to be o! the order of 38 minutes. 

Obvioasly these are one and th~ same and the discrepancy 

merely arises from the inaceuraoy of estimating wave-lengths 

on tha less c,pen barometric time-scale. 

These obvious air-waves represent in both cases the 

tailend of a mass of a.1r moving over Table Mountain and Cape 

Town from a south-east direction. What, we are led to ask, 

is thrJ s1@'11ficance of this oec1llat1on that affects so 

powerfully both wind and barometric pressure? What also 

is the significance or the 34 minute periodicity, which has 

been detected on so many other occaaiona (cf. Section 68, 
p. 19A) 0 even when the wind blows in from the west (Figs. 77 
and 81)? Why, moreovert do such oacillatione tend to occur 

with sudden ohan.ges or average wind-speed? 

Without the means, at this time, of being able to 
c, Cfo Shaw. (loco 1-n·ta Po 39), [32), Vol. III, p 0 30. 
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verity a conjecture, the author is nevertheless 1ncl1ned to 

th1nk that these a1r ose111at1ona are to eome extent bound 

up with the oscillating basin tormed by the amphitheatre or 
Table !tounta1n and its adJo1n1ng peaks. It is conceivable 

that standing air-waves are in eT1dence on the leeward side 

or this range wheneYer the winds blow steadily across it. 

As standing waves, they would not produce any 't'8,r ation of 

barometric pressure or wind-velocity at an obserY1ng sta­

tion 1n the shelter or the mountains, until such t1me as 

the overall speed of translation of the a.ir-mase suft'ered 

a change. In the event ot the sud.den d1m1nut1on of wind­

speed following upon the tailing out ot the wind, the stand­

ing waves could be expected to become waves of propagation 

and then to register barometrically and anemometrieally at 

the obeerrtng station. 

The abova surmise does not seem unreasonable and may 

poee1bly also account for the prominence of some of the 

long-period oscillation observable in the wind records, 

even when the w1nds a.re bearing trom north-north-west. 

From that quarter the surface w1nd would run 1nto the ver­

tical barrier of Table Mountain and there tend to reflect, 

creating aerial seiches 1n much the same way aa oceanic 

se1cbes develop 1n Table Bay. The phenomenon 1n the a1r 

may, indeed, be a close parallel to that occurring in the 

sea. Thie concept does not necessarily imply that the 

air-waves derive entirely from the frustration or an air­

stream at the mountain-barrier, bpt rather that particular 

per1odic1t1ea of air-waves become enhanced in amplitude ot 

osc1lla.t1on as a result of resonance 1n the bowl-shaped 

amphitheatre or Table Mountain. 

In bow tar all this may help to account tor the high­

frequency m1crobarograph1c tluctuat1ons t ound t o exist 
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during the play of southerly winda cannot be said. Similar 
small 'vibrations' or the atmosphere have recently attracted 
the attention of observers in the United States and are now 

~ being studied by the Rev •• r. B. Macelwane at St. Louts un1 ..... 
vers1ty, and their elucidation must presumably be awa ited 
from that quarter. While these microbarographie vibrations 
seem to be commonly associated with strong winds, to the 
extent that Chrystal referred to them as a 'wind-blurring 
of the microba.rogram' t, it 1s not impossible that they may 
on occasion originate from other sources. Thus certain 
oec11lationa of pressure recorded on June 30th, 1908, by 
m1crobarographs in England were eventually correlated w1tb 
the fall of a large meteorite in northern S1ber1a §. 

19 , Long-Period Barqmetrig Oscillat\onq. 
In Sections 51 and 52 (pp. lf8~1S!) we noted that 

Range-action often assumed a 'dual-personality', ineotar as 
really prominent long-period eeiehes rarely occurred concur­
rently with short-period agitation, and vice versa. It was 
noted too that years when short-period Range tended to be 
subdued were years when long-period Range seemed more rre-. 
quently active, and vice versa. Such opposite character1a-
t1ce suggest that the meteorological conditions g1v1ng birth 
to the phenomena may be fundamentally different and even 
aaeynchronous. The general meteorological conditions under 
which short-period Range-action develops, and their pos1t1,e 
aasoa1ation with travelling depressions~ have been elaborated 
in much of what has been dealt with up to now, but whether 
in actual fact they can be d1s soc1ated from the conditions t Ct. T1Jte 9 Sept. 8, 19,'f, [90]. 

§ 
L.o. (ante p. 86), [42L 
Ct. Shaw, (l.o. IUlte p. !9), [!2], Vol. II, p. S77J Vol.III,p.30. 
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pr,due1n~ long-period seiches remains to be seen. 

".Ve ha·11e remarked already from the f1 ve examples· of 

ordinar-y Range-action considered in Section 61 and Figs. 77 

snd 80 to 83 ~ that there 1s generally an under-current of 

long-period sea-osc1llat1ona present throughout moat or the 

time that short-period agitation 'builds up and dies out in 

the harbour basins: furthermore, that there is a tendency 

for such lon~ oscillations to attain maximum amnlitude be--· . 
tore the shorter ones reach their peak magnitudes. All th1e 

1s eona~stent w1th the advance of a long train or sea-waves 

from the open ocean, the longer ones of which outstrip the 

shorter, as in the ripple-rings that emanate from a focal 

point of disturbance on the surface or a smooth pond. 

There remains then to examine 1n detail the circume 

stances in which very powerful long ... period ae1chee can be 

generated without. the accompaniment of the ehorter-per1od 

vibrations ot the sea. Three e:xaMplea will be considered 

to permit of aome identification or the features or local 

weather accompanying the disturbances. 

:Example 8° 

The oeeaa1on of September 24-27th~ 19A5, 1s one of 

great interest. The general conditions prevailing at Cape 

1own are to be found in Fig. 14(b} and in greater detail in 

the composite chart of Fig. 88. 

It will be seen that the disturbances in the Duncan 

Basin on this oecasion{throughout September 24th) were en­

tirely devoid or any high-frequency osc11lat1ons, notwith­

standing that a depression trough or the usual type had Just 

passed over Cape Town to the accompaniment of light winds 

trom the north-west. The circumstances, in ract, might be 

no different trom those of Example 40 or 50, except that yery 
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p1"0nounced barometric osc111at1ons are here to be found on 

the r1s1ng pressure gradient. In all these cases (4°, 5° 

and 8°) the local weather was fine and calm and the w1nd­

dr1ft no~thwesterly, yet on this latter oeoasion, unlike the 

others, high-frequency effects were conspicuously absent. 

The obvious assoc1ation between the barometric fluctu­

ations or September 24th and the long-period seichee set up 

1n Table & ;y is very evident from Fig. 88 (cf. also Fig. 67) ; 

but the later and almost equally prominent barometric osc11-

lat1one or September 27th, it will be noted, tailed to 1nduoe 

any equivalent. sea.-oacillation, presumably ovr1ng to the tact 

that the over-i~id1ng air-mass bad by then veered to the south ... 

east. 

The eeiches or September 24th ca.used strong surges or 
water through the harbour entrances, and the s.s. 'samnegros', 

while enterin~ the Duncan Dock at 18.30 hours, felt the brunt 

of th1e action by beln~ deflected by the currents t'1rst to 

port and then to starboard. 

Examnle 9° 

The next example is that or September 30th, 19A5, 

only a tew days after the period just described. Here a.gain 

(Fig. 89), pronounced ba~metr1c osc1llat1ons of relatively 

pure form, occurring 1n an overlying air~masa, that was 

· drifting over Cape Town from the north-west at negligible 

surface velocity, are quite obviously responsible tor the 

large aeiches imposed on the waters of Table Bay. 

During this spell, at 17.50 hours on September 30th, 

the s.s. 'Red Jacket' was observed by the author to be .held 

in the grip or the current in the entrance of the V1etoria 

Basin, while coming 1n to dock. For quite eome time the 

sh1p was unmanaga.ble even with the assistance or tugs. 

• 



One further example muat auftiee to demonstrate the 

consistency ot the mode of excitation of long-period se1chee 

in Table Bay in the absence of swell and high-frequency agim 

tat1on. 

On March 28th, 1946, (Fig. 90 ) , on the rising preasu!*e 

gradient or an anti-cyclone moving over Cape Town from the 

north-west with negligible surface velocity, powerful baro­

metric oscillations are aeen a.gain to have been responsible 

for . the extraordinary oscillations that were generated 1.n 

the Duncan Dock. 

The apparent periodicities or the atmospheric waves are 

round on approximate analysis to be of the order or 130, 82, 

66, 36 and 15 minutes, values which tally closely with those 

in previous examples and the earlier cases cited in Section 

A9 (p. 1A5). 

From Examples 8°, go and 10° we may recognise what 

appears to be a fundamental difference between long-period 

barometric oscillations invading the scene of Table Bay from 

the north-west and from the south-east. Those rrom the north­

west usually are associated with 1ns1gn1ficant surface-winds, 

whereas those from the opposite quarter (ct. p. 198 and F1ss . 

87} are invariably the tail-end waves accompanying a power~ 

rul SJur1.'e-ce-current of air. The atmospheric waves moving 

oy~r Cape Town from the north-west have the best directional 

eppl"'f\2.eh for e7.cit1ng aeiches in the bay, since their ap­

~~oecb rroa th~ open ocean ensures a following train of long 

~i,a-waTeA. Thie will be a:pparent from Figs. 88 to 90, where 

the per!1stence of the ae1chea after the passing or the baro­

metric diet.urba.ncae must deriTe from in-coming aea ... waTes 

~nl1~w1n~ 1n the wake of the air-waves. On the other band, ~·. ~ , . 



supor·fic1al energy t,o thJ e(;.ja f:eom th1:, landward side, and seem 

inoapable of austa~L'ling .~uy lar~ seichel in the presence or 
the f':r•_ctional dam.p.1.11g of the strong aurface-w5.nds. 

Here we must, note :. rom F:lg. 81,, ( as .already recorded {m 

p. 175) 11 that aaichGa were in evidence d.irin 15 ti fluctuating 

south-east wind on September 1st, 1946. The.se ::- 'however~ reaehed 

large prooortiona only when the wind had virtually died out and 

strong barometric osciliations developed. as a reaulti:i we pre= 

sume, of the turbulence created by the wa.rm.,,sector a1r ... mass 

moving in from the north-weet and destroying the momentum of 

the south-east surface stream. 

Thie latt~r in~tanee affords perhaps a clue to the poa~­

ible explanation of ·the phenomenon of large barometric oaeilla= 

tiona ~ giving rise t.o eoa.atal a,aiches. Can it be that t,hey are 

the result of sepa:r-'ate ai . -currants overrunning ea.ch other in 

the same way that faster waves on a sea eoa.st ·may be observed 

to override ulower !Jnes in the face of a backwash? In th1a 

analogy one finds t ~1at the overtaking wave plunges and osc11 ... 

!ates many ·,imea before it ass,er.ta itself again in progressive 

forward motion. Would not the vast atmospheric breaking wans> 

which we identi.fy in the travellir1g .depressions, perform sim:J. ... 

la.r turbulent oscillation in the event of one's oTertaking a­

nother? '!Ve Rhall endeavour to answer these queet1011s:, part1a.lly 

at least, by referring to two occasions for which we have ay~ 

nopt1c charts, wh0n the phenomenon prevailed. 

we return to the case of October lat, 1944, referred to 

in Section d9 (p. 145) and featured in Figs. A8 and 57. Figs. 

91(a) to (d) g1ve the synoptic charts for the South Atlantic 

for the enveloping period, and ~e see from (a) and (b) that on 

September 29th and 30th~ 1944, depressions C and D were adva.nc= 

ing on a wide front a.cross the southern ocean. At stage (e), 

02.30 hours on October 1st, depression D has virtually over-
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taken c, and at {d) had merged with it. If these isobars are 

anywhere n ar correct, this can only mean that the larger and 

faster breaking way~ overtook the smaller one, and they eoale 

eaced, presumably, 1n a tumble of atmospheric commotion .. 

':fhe second caee 1s that of April 8/9tb, 1945, deser1bef 

already in Section ~9· ( p. 145) and pictured in F'1g. 58. Th" 

synoptic charts for this ocoas1on a.re presented in Figs. 92(a) 

to { d). H re we rind a stationary low-praaaure centre & over 

the west ctlast of South Africa, being invaded by an oc •luding 

deprension. A, Just at the time that the atmospheric sc1llat1ons 

and sea disturbances deTeloped at Cape Town. At stage ( c) 11 just 

after the first ba~ometr1e osc1llations commenced, deprees1on 

A is eer.m to haye broken up into two by giving b,f.rt.h to a second."' 

ary depreaa1on A 1 • Here again we derive suppor t. for the belief 

that tbe sea and air oseillat1ona are the dir ct repercussion 

of the @~11op1ng effect of one major depression-wave overtaking 

another, 

Whatever the trua cause or the ba;~metr1o oscillations, 

it must be supposed ·that; they ,,ccur as a. result or the general 

resilience or 1eentrop1o layerfl and the intrusion or air into 

regions for which 1t ie intrinaicallJ too heavy. 

There remains to accommo,iate the observations made at the 

beginning of this section. It :\a, ·~owever, very difficult to 

understand, with the limited amount of tactual data before us, 

why sea-swell is not in evidence whon this collision of a1r­

maseee takes place, or why there should be any greater tendency 

towards this commotion when th1~ trat:ke of travelling deprt,esione 

are presumably farther south and ordinary Range-effects are lees 

frequent: the author must therefore leave this problem tor others 

to unravel, but suggests that the movements of anti-cyclones 

are worthy or study in th1s connect1on. 
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Il• 'l'ha Realjj:,;y of~, 17:r[rn. 

In this ehapter we have attempted to show that air-waves · 
are as much a common. feature of the atmosphere as sea-waves are 
or the oceans. They arise largely as the result of the inter­
play of isentropically-t~sil1ent layers of air moving across 
each other at unequal velocities, often from different directions 
Entropy is the property which ~1ves to the layera a degree of 
elasticity pe~mittiug of oscillation, and water-vapour 1s the 
agent with which this resilience is ultimately destroyed. 

The isentropic layers of the atmosphere envelop the world 
1n ellipso'idal shells, co-axial with the polar axis, but the 
main interplay of atMoenheric circulation occura at the pa.rtic~ 
ular shell surface which ie approximately tangential to the 
earth at the equator, commonly known as the polar-front d1scon ... 
tinuity. wavea of oaoillat1on are eet up a.t this interface in 
both hemispheres, the wave-fronts tending to lie north-south, 
and the,2,r direction ot: p1."opagation being eastward~. 

As a result of the diminishing depth of' atmospheric ocean 
·in decreasing latitudes, the waves of oscillation are retarded 
in the shallows and swung towards the equator, breaking, 1n much 
the same way as sea-waves on shoaling ground, in tho temperate 
regions. These breaking waves or travelling depressions are 
vortical in character and. follow each other in trains with an 
underlying re~Alarity apparently dictated by ~he natural pe~iods 
of oscillation of air in the hemispherical belts of the temper­
ate zones: in the aouthe~n hemisphere, south or the hi~~-preseure 
doldrums. 

This pattern of behaviour is repeated on a smaller scale 
in the depress1on-wavee themselves, and smaller parasitic waTes 
override the parent depression and give rise to the familiar 
line-squalls and cloud formations, which are the usual accompani= 
ment or su9h centres or weather~ The as·eent or moisture-laden 
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a1r into the ridges of oscillating surfaces of discontinuity 

and its condensation there, gives r1se to the wave-pattern of­

ten seen in cloud formations. 

Air waves are indicated 1n meteorological recordings by 

the periodic nature of barometric preeaure-fluotuat1on and wind­

·gustiness, which often confirm each other in showing the realie 

ty of the atmospheric oeciilat ion. Sometimes, however, baro­

metric oaeill&tion ia unaccompanied by any wind, and wind-oscil-

1 lat.ion may be without any corresponding pressure eha.nges; these 

conditions are possible according to the height of the surface 

of dieeont1nuity and the wave-length of the wayea within 1t. 

Besides the short,•period air-waves which show up in 

mier-obarogram and an~mogra.m recordings et Cape Town, with peri­

ods of only a few minutes, there are longer wayea whose periods 

often show a eonsietency suggestive of an influence from local 

orographical features~ It is thought that the semi-ellipsoidal 

bowl of Table Mountain and its companion peaks provides an os­

cillating baa1n wherein air-waves may form atmospheric seichee 

in much the same way that sea-waves form ae1chea in the waters 

of Table Bay. 

Those long ... per•iod atmoapherio waves that originate with 

air-streams from the north-west would appear to be related to 

the interference of' one depression with another, and it has 

been here suggested that they mark the effects of a depressione 

wave be1ng suddenly dissipated by the counter current of another. 

Other long-period air-waves, found in the ta11.movements or 
stron.g surface-currents or air. mo..-ing over the Cape Peninsula 

from the south-east, $.re clearly 1n a different category, and 

may or1g1nate as standing wavea on the lee side or the mountain 

barrier. 
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Q!!.t1PTER X. 

THE ORIGINS OF HANGEtfiCT+Q.!L. 

'' That reasol'! 01V'hich is alicHed frolTI facts by a just 41.nd msthodiod process, I o&ll Interpretation of Nature." 

~ Francis Bacon, 
Novum Or~anum. (1~20). 

72, G@neratton of sea-1ayWL,bJ Wind {ang Air-waves).:. 
The ar~1ment was advanced in the last chapter (p. 196) 

that an air-stream, playing over an unobstructed expanse of 
ocean, and capable of ra1a1ng sea-waves or widely different 
periodicities 1n the visible wave-band (up to 30 sees., say), 
must 1taelf be influenced by the wave-profile at the common 
boundary and therefore exhibit near the surface the character­
istics of atmospheric waves with equivalent periodicities. W1nd­
guat1ness oTer water should therefore very lare;ely be in accord­
ance with the orbital oscillations of air-particles, complying 
with these wave~mot1one. 

It must thus be supposed that there ia a natural tendency 
for the build1ng0 up of a joint state of osc11lat1on between air 
and water when air-currents exert traction on the surface, and 
the par1od1c1t1es . of such oacillat1ons will be dependent on the 
average wind-speed. 

In Section 39, { pp. 112-116) it was pointed out that with­
in the range ~r period1cit1es or y1s1ble waves, observers had 
round the d1mene1ons or the predominant waves to be approximately 
related to the average wind-speeds. Ueing Cornish' e observationa 
recorded in Table .I ( p. 114), the w1nd~speed/wave-per1od rela. ... 
t1onship conforms to a stra1ght-11ne law, as 1n graph (A) of 
Fig. 93. Two additional plotted points representing extraneous 
obserYBtiona, accord very satisfactorily with this graph: one 
1s an obeerYation of the author's ot a series ot ver, pure 2.5 :::;._ __ __, 
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e.~e. waTI.ts whi~h entered the Duncan Dock~ Caps Town, under the 

stimulus of an 8 mph breaze on July 2nd, 1944: the other is from 

an analysis or waves recorded on Lough Neagh, Northel"'t'l Ireland. 

wh1ch showed a predominant wave-per1od1cit7 of 3.5 sees. 1n a 

* 15 mph w1nd • 

Included in Fig. 93 is a marginal relationship (B) link­

ing l1!8.ximum wave-periodicity with wind-a ~ ed aa gtiren by Barb r 

and Urse11 r. The diecont1nu1ty in this relationship 1s curious, 

b~.rt. is probably ore apparent than real, for it 1s likely that 

t,he eorX"eet 11m1t,1np: relationship follows tha tr nd of { C). 

ThiB 2.mpl:tes that at wind-veloci t iee above about 50 mph there 

is no lonP,:.,r anr restr1otion { from the wind-generation point of · 

view) on thA existence of long-period wa ea or the invisible 

ground- swell type. 

The very obvious per1od1o1t1es or several minutes that 

bav~ b'Jen detected 1n the wind-velocity of the air-currents ad.­

,,_ncin~ directly t'rom the open sea upon Cape Town, are evidence; 

we bel19Ye, of' surface air-waves that must have had their due 

influence upon the surtace ot the sea in promoting. the develop­

ment of lon~ aea~waves .ot the ground-swell type. 

It is probable that near sto~m.,..centres, where geostroph1o 

wind- speeds are hish, barometric fluctuation becomes an addition­

al factor to that of w1nd~traetion in the generation of wa a 

of all -periodicities, but notably lon~-period. ones. The wind­

blurrtng of the microbarogram durine; high winds, referred t o 1n 

section 69 (p. 195), supports this contention. 

On tbeoret1oal grounds it has been shown by Kel• 1n and 

Lamb th&t e. per1od1cally va~ying surface- pressure · applied t o 

tbe t!"Ete eur raoe or the ocean wi l l develop a se r ies or exp&nd1ng 

•. Barb.,r, ' Ocean ~awe aud Swell', Fubl i ahed Lecture . Ma.r itime &- ',Vs.ter­r wa.ya E11gg. Di-.n. 1 I nst • . 0 01,,. 1950 • r~n] , p 0 22. 
L.c. (ante p. 114 ) , (64]. 
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waves whoso inlttal and subsequent configurations will be mueh 

'the same as those of a eieries of waves deriving from an initial 
group of equal a:nusoidal displacements of the surface of the 
sea . Fig. 94, which is i•eproduced f':rom Ki,lvin's paper, shows 

the profile of the se:1a-au.rface at zero time, and ·?:.w1ee subse­
quently II after (Jqual in te:rvals of time. 

The initial displaoementB divide up into two groups of 
progreaeive waven which s eparate and expand outwards. Points A 

on the diagrams of' F1.g. 94 traTel at the full wave-veloc1ty 
corresponding to the indi~idual waves, while points B travel at 
only half the wa e-veloo1·1;y. It is olear thel:""efore that the 

bulk of the wave£ ad vanee at the group-velocity t while long 
attenuating wa·,ns or ground-swells pz:ecedu the groups. Apparent­
ly, perceptible wsve-distm~banee runs aheacl. of points A at speeds 
greater than the wavEJ:-vel<icit,y, &nd ooeomE1s more important in 

relat.ion to the Grour witlt advance of time. 

It seems clear the1•efore that p1"aseure-var'.1.a.tiona on the 
aurfaee of the eea a.re Bli o to be reckoned. with as agencies cap­
able of acti vat .ng ocean-v•aves of all ·typee. 

Vaughan Corn1ah,, whose ~inate.king observations of oc0an 
waves have already been referred to ( p. 113), describes how on 
one occasion a band of black cloud oTertook his ship when the sea 
wae slight and the wi 1d had dropped t . lfotwithetandin~ the fa.ct 

that only a sl ight breath of wind accompanied the cloud, the sea 
was suddenly agitated by a heavy swell. The cloud passed in 5 
mins. and in 10 mine. 'the swell had gone. The inference here is 
that the swell accompanying the cloud waa the direct result ot an 
atmospheric pressure-disturbance. 

What must have been a very remarkable instance of the same 

aort or thing occurred on January 13th, 1948. in the North Atlantic 
~ Kelvin,'lnitiation or Deep Sea Ha~es of Three Classes' ,N~th.~ Phys. · Papers ,(Ca..mbridge) ,1910, [92] P Vol.IV,Paper No 0 39 ,pp.419-456; Lamb, r ) r ] . t ,1.co ante Po 105 , 54 ,. Art. 195, p. 297. 

L. c • ( ante p. 113) • r 60] 1 p. --~-----------------~ 
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north-east of New York. 'Death' waves, reputed to be AO teet 

high, delayed eueh large ehlps as the 'Queon Mary', 'Med1a' and 

'Ameriea• on the North-Atlantic run Commodore Manninig or the 

tAmerica' (26,300 tons) is reported to he.ve said of tl:l1s phenom­

enon: 
'About midnight on Tuesday f Janu ry 13th] when I thought myself 

out of thP. worst of the weather - there had been a series of inter­
mittent ~ales all the way f.rom the Irish coast - the barom&ter dropped 
euddGnly. The waathe :r became war-mer. The wind dropped - 1 t w&s blow­
ing only a few miles an hour, but I found myself in hu~e seas. The 
ship was l~ahed from all sidas. It was a violent movemant of the 
entire oce · n. 

'I reckoned later that this condition covered an lii1'6'l of 600 or 
700 miles. I went throu~h it for 1?. hours. It w~s most mysterious. 
I couldntt understand it - to sea suoh seas with no wind. I had a 
most dspreesed faeHng at the very experience. NavP-s usually curl 
and fall a.way. but these had no spray'. 

The 'America', which was eross1ng the North Atlantie 

rrom the British Isles, bound for New York, would have been 

head-on to tha gales and presumably head-on to the swell follow­

ing in the wake of the barometric disturbance, t.o which Manning 

refers. This disturbance must have been very remarkable and 

unusual to have affected eo large an extent of ocean, and the 

author would not be surprised if m1crobarograph1c fluctuations 

had been very much in 9Videnee during the whole period of transit 

of the waves. 

D, PrcsaurE;! Disturba.nq~s agnncins qyer still wa.tcu.,. 
On purely theoretical grounds Lamb has ehown that a con­

centrated line-r:,ressure acting upon the surface of a stream ot 
water, or velocity C, will set up a train of standing waves of 

wave:-length n= 2TIC/g , on the do1ftl-strea.m s1de, wtth amplitudes 

gradually diminishing according to a law e-F, j' being a con­

stant and • the distance from the line of disturbance t . By im­

pressing on everything a velocity -C in the :JQ direction, Lamb 

* Press report, 'Star', Jane 16, 1949, rgsJ; also 'Rand Daily }1ail', t Jan. 17 • 1948 , r 94 ). 
L.c. (ante p. 105), f54), Art. 243. pp. 400-402. 
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obtains the oftect or a traTelling pressure-disturbance advance 

1ng w1th velocity C over st111 water: namely. a series or 
waves or d1minish1ng amplitude following in the wake ot the con­

centrated 11t:'i·--pressure. These waves have a wave-length 

n=DTC/9 and a per1od1e1ty 7:=(21ps)C . 
mien the graph of 1;=(21pg)c is plotted as curTe (D) in 

F1g. 93, it is found to correspond rai i"lY closely with the em­

p1r1oal relationship derived from the obaervatione of Cornish. 

This sugr.ests that the mechanism of wave .. generat1on by wind 1s 

the same 1n essence a.a that by a pressure-disturbance advancing 

with the velocity of the wind. The two cases merge when wind 

gusts become strong enough to produce identifiable changes ot 

pressure .. 

The more practical problem or the effects or a series of 

pressure•J)\llsations (air-waves, say,) advancing over still water 

1s dealt with by Lamb on the tollow1ng 11nea: 
1 If 0 •• 0equal infinitesimal impulses be applied in succession to 

a se:tiss of infinitely ~lose equidistant pa.rallel lines of the aurtaee • 
at equal intervals of time, es.oh impulse will produce on 1 ts Offl1 accoU.Dt 
a system of waves •••• The systems due to the different impulses will 
be superposed, with the result ths.t the only parts which reinforce one 
another will be those whose wave velocity is equal to the velocity o 
with wh,ich the disturbing infhtence adV9.Dces over the surf'e.ce, and 
whioh are (moreover) travelling in the direction of this advanoe'o ~ 

Lamb proceeds to show mathematically that a wave-train ot 

group-velocity(/ will be set up by the travelling disturbance. 

1h1s train will precede or tollow the disturbance according as 

U 1s greater or lees than C . 

14, ?bo Front and aear ot a free Procesa1on Qt wavea tn ne1n 
wat,s,r. 

In th1s Section we may oons1der what happens to a ser1es 

or a1mple-harmonic water ... wayes when the 1n1t1at1ng disturbance 

la ;«l~hdre.wn and the waves are left to therneel ves to proJ:6gate 
' 111 

L.o. (au~ Po 105) • (54). At. 248• p. 413. 
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into regions of still water. 

Kelvin ~ posed and solved this problem mathematically in 

a most 1ngen~ous way by considering a aeriea of standing waves 

to the left or negative aide of h1s assumed reference origin, O, 

in Fig. 95 (a) which is reproduced from hie pa.pe!'. Thue at all 

great distances to the left of o there would be at zero time 

(t:o) etanding waves equivalent to the resultant of two equal 

trains of progressive waves moving in opposite directions. The 

rightward component-train would thus tend to invade smooth a­

tar to the right of o, while the leftward component-train would 

recede, lea. 1ng still water behind it .. 

The particular function used by Kelvin to represent the 

water surface at both rront and rear in this way is shown in . 
full-line 1n Fi~e 95 (a)~ that of a t1"Ue sine curve is shown in 

dash-line. The function becomes a true sine curve at about 4 

wave-lengths to the left of the origin. 

At a time equivalent to 25 wave-periods later (t=25r), 

the wave-front, advancing to the right,- assumes the eonf'1 gura".'. 

tion shown 1n Fig. 95 (b) . At the same time the rear of the 

procession will have distended to the configuration shown 1n 

Fig. 95 (c), the latter being the reversed profile or a left­

ward movement of the tail-end wave-system shown 1n (a). 

The diagrams show that after this particular lapse of 

time the front of the wave procession has advanced 1ndef.1n1t ely 

with d1m1n1ah1ng amplitude§ even beyond the d1etance traTelled 

by a point (A) at the full wave-velocity, while the matn body 

of undiminished sinusoidal waves 11es behind a po1nt (B), which 

has advanoed from the origin at a speed of only half the wave­

veloc1ty .. -Point (C) in the rear of the procession has advanced 

at full wave, velocity~ point (D) with half that velocity: t he 
~~~~~~~~-~-~~~--~~~~~~~~ 

u 'On the F-ront and Hsar of a Free Proceasion of_\Vaves - in Deep Water', 
(l . c o ante Pa 210). [92], Vol 0 IV, Paper No 0 36. pp. 351-367. 



perceptible rear of tbe train ls thus seen to be lagg1ng about 

two wave-lengths behind a point advancing with only halt the 

wave-velocity. 

The inevitable reeult or tbe tree movement of a wave­

tra.1n into undisturbed water is a d1stens1on of the overall 

length of the group with la pee or time. The main ~roup appears 

to advance at a speed or only half the wave-velocity with the 

rear lagg1ng somewhat behind this rate or progression, while 

the front races ahead at speeds varying trom half' the wave-veloc .. 

1ty to infinity. For all practical purposes 1 howeyer, the im­

portant pa.rt of the wave-train lies between points which advance 

at the wave-velocity and half the wave-velocity (ct. also Sec­

tion 72, p. 210). 

A feature or very considerable interest in Fig. 95 (o) 

is the cont1gura.tion or the ~ear of the wave-train, wb1ch 1s 

seen to exhibit what almost appear to be beat-cnaracter1stica. 

Upon residuating · thfl main wave-train we find the residual da.ah-

11ne profile or F1g. 95 (e), wb1ch can be rurther res1duated by 

el1m1nat1ng what seems to bee. small-amplitude wave-train or the 

same per1od1CJty as the parent-train but with a phase·-d!f'ference 

of 90°. The final res1dual t , shown 1n daah•dot line, can be 

traced to the influence of the underlying push-pull wave P•Q 

which is part of the a,aumed configuration of both the ·tront 

and rear end of the · or1g1nal sinusoidal wave-tra1n(F1g.95(a)). 

Since any normal waw .. tra1n 1n water, as 1n1t1ally cre­

ated, must have surtaces of cont1nu1ty 1th et111 water, 1n 

front and rear, s1m11ar to those adopted by KelTin at zero time, 

it follows that at any subsequent time the train of waves w111 

? Performed by Chrystal'a •thod ot _lesidue.tion (or. Seotion 89,p.254post). 
T It is foun.d to oorreapond exactly with the inverted profile given ill 

Kelvin's Pig. '1, tor the oa.,e ot a single push-pull wan at · 
(1.o o ante Po 21~); [92]. . · · • 
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be preceded by a aeries of long 0xpanding wa~es, and will &16v 

be disturbed by the penetration through it i't-om th6 rear, of an·· 

... other series of smaller amplitude, ever-expanding long and short 

waves. 

i7e are thus able t,o understand how it ia that, in all the 

exal!lplea or Range-action quoted in Section 61 (pp. 170 ... 178) and 

illustrated 1n Figs. 77 to 83, the main body qf the disturbances 

with maximum amplitude is not onlypreceded by long waves but is 

also transfused by them. Here too we have the explanation to 

the conundrum posed on p. 117 that ground-ewella have been ob­

served to develop after the lapse of winds and the abatement or 
a storm. Kelv1n'a analysis shows us that any swell that has 

passed out of the storm-centre, and continues its propagation 

without restraint~ will of 1ts own accord tend to develop long 

wa.ves which will be generally interspersed rrom the front to the 

rear or the main b~dy of the swell. 

75, Tidal Influ§nq~ 2n B@.n~-Aqt12n 
In Section 59 (p. 165) attention was drawn to the fact 

th.at Range-action at Cape Town shows a tendency to receive some 

alight st1mulat1on from the state of the tide, being invariably 

of somewhat larger amplitude at the flood than at the ebb. 

we noted ( p. 65) that there · 1S an ever-present eeiche-. 

effect outside the harbour even 1n the calmtst weather, making 

1tselr felt 1n a continuous rhythmic breathing ot t'be water- in 

the inner Alfred Basin. It follows from this that the?'$ is in 

the sea. at all times a~ 1nceseant, slow anu minute cban~e of 

level resul t1ng from :taint ground-swells arri Ying on th-, co&.&t 

from far afield. For some ~eaeon 1 these gain al1ghtly in magni­

tude at the high t1de, but the effect is most noticeable 1n the 

marigrams ror the Duncan Ba.sin, w!11ch are more particularly 
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suited to th id nt1f'1¢at1on or h gh-fraquen~y Range. one finds 

that sometimes in fairl:v- ,3alm. weather t.be marifl:r'd.1I'r f'or this basin 
' wlll. ·ex- . . - ; -
/h1b1t a slig'at high-fr(3qu .. ncy fHllb!'~idery at. nigh ;ater whien will 

b entirely absent a.t low wa.te?~, and that this condition may re­

P<'at itself over several conseeu·vivei fluxes of the tide. 

The ·obvious explanation which suggests itself ia that wemk 

swells, giving r1ee to thie embroidery, are ae3isted in their 

propagation towa:rde the coast by the favourable current, of the in­

running tide~ ·whereas they art! largely annulled ·when the tidal 

· ·current reverses and draws otf from the coast. Barber and Urs"ll 

round a similar efteet of the tidal stream upon the apparent 

per1od1o1ty of in-coming waves, and 1 se·ems cli.3ar that wa1'0 .. n­

e"i'gy ean be much reduced or enn destroyed by opposing current.a i:, . 

The tact that the embroidery (with weak swells) occu.a onl~ 

at alack water on the crest of the t1ral wave and not on.th~ ris­

ing tide itself when the flux of water into th.e h rbour ia at it~ 

strongest. mu&t be ascribed to the essential phase dif'ferenc· b -

-tween tidal streams approaching the ooaet and those at the head 

or Table Bay. 

Tides tend to co-oscillate by forming se1chee where the 

topogi"Bphy of a coastline is favourable to resonance, .as in th0 

bay or Fundy, and th salters the phase of the ~ide in a bay in 
J. 

relation to wbat 1t is at the mouth ' . Thus in Table Bay slack 

water at high tide 1n· the Duncan Baa1n will oox•respond with an 

1ntlux of the tide outside the bay, where wealt swells will be 

aided on their way to the coast; conversely, slack water at low 

tide at the head of the. bay will be eynchronous with an out-

•,, L.c. (ante p. 114), [64]; of.· also Deacon, (l.c. ante p. ll4), [66) 9 

,,. p. 234; Barber, (l.c. ante p. io9), [91] 11 p. 17. . 
1 Cf. Sverdl'Up• Johnson & Fleming, .(l 0 c 0 ante p. 113). f63], p 0 600, 

' 
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runnin tidal current ofr t he coast, which will tend to destroy 

weak, in-coming e~ells. 

76, wa~s Or\s1na.!t1ns tr.gm a Re'!e§:std m~ag Qf Wa.!,m= in ra Smgg,t,h ~ 

Up to t he present we have dealt rairly extensively with th 

va.rto a ramit1cations of Hypothesis a)~ advanced in section 62 

(p. 178) t.o explain the origins of Range-aot·on . There remains 

to consider whether any credence ean be att.aehed to Hypothesis b), 

which enT1eaged the posetbility of ground-swells being born out or 

the rapid subsidence of the entrained body or ~ter beneath a 

tra11ell1ng depression when the lat ter is suddenly overwhelmed by 

anti-eyr:lones, or for other reasons is ar~sted in 1ts normal pro­

gresa1on or development. 

The examples 1° and 2°whieh we examin0d 1n Sect1on 60 (pp. 

166-170) aeemsd to suggest that Range-action might be linked with 

the exha1.~stion of certain t ravell ing din;rressions.. tt has often 

been noticed, too. tb&t just at the tim, that doursss1ons are 

wtth1n closest range of Ca~~ To ~ the b rometric pressur0 ~t the 

ca~e suddenly ris~e instead or reachin~ ne~ low levels as might 

b1t erpec,t@d. ,i'f.'his could result f rom the deprea.s1ons eneounter1ng 

co,.d-,r a r-massee in the region south-south-west of the Ca.pe. 

where tht!ti.P oentrtls or 'Pressu~ S.1'8 markedly- and suddenly weakened, 

't'he auest1on that no~ confronts us 1~ to know what happens to the 

elevated body or wat~r. in suoh a. set of c1r.eumeta.noea. 

One ractual elue we baYe liee 1n an obael'"JQt1on of Cor"'iisb~ 

or tho t\dal bors on the river Trent \n England. He obae~d the 

bore ad't'Bnc1ng 1n shallow water as a single wave or wall tJf wat r, 

but, 1' upon tn1B entering a region ot deep waterr it wae suddenly 

transformed 1nto a ~roup of gently rounded swells, whose speed of 

progression was noticeably leaa than the speed or the original 

• - ',.,. Us) .. {80). ll• 111. 
~------'---- . . f ---~~------------~-___J 
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But Kelvin, again, has solved the plane problem for ua 
theoretically and bas calculated the surface profile of the sea 
after successive, equal intervals of time from an assumed zero 
time, when the disturba~ce comprised a single, ra11ed body of 

0 water, (F1g. 96) • 

The elevated water-mass collapses and divides into two 
ever-expanding groups of long aves.. The progression of pa:rtiou­lar nodal points in the wave-groups can be followed by the code 
lette~e at b, c, etc., in Fig. 96. The sequence of 'wayes is Tery 
like what is seen on a small scale when a stone falls vertically 
into still water and raises a head of water behind it, namely, 
antecedent long wavue d1m1n1ebing in length to the perceptible 

· ripples on the 1nnermoat ring or expanding undulations. 
Although a barometric depression covers a vast area of 

ocean and the surtac~-~adient or the elevated water-mass is 
therefore Yery slight and perhaps on that account unresponsive to wave development, . we ha.Te to eot1sider the additional factor, not 
t!weated by KelT1n, of a general imposition of pressure suddenly 
applied upon the ra1eed head of water. It seems conceivable that 
corid1tions could arise under an exhausting depression under which the same sort of wave-development as traced by Kelvin could be 
expected to take place, so that Range-produeing waves trom such 
a source might reach the South Atr1ean coast within a compa.rat1Te­
ly few hours of a sudden rise in barometric pressure. 

17, sudgen n1as1pation 2t Xr!v,111ns P@PrtQsigns, 
The criterion or such an event taking place would seem to I ree1de in the ma.gnitudea or the rates of chanse ot atmospheric 

pressure w1th distance and time at any po1nt or the ocean and at 
any instant ot time. In any d1rect1on south ot the latitude ot 

(.t L.eo (ante P~ 210),. T92)o Vol. LVP Paper Bo o 39, PPe 419-438. ---------
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Cape·· Toffl'l, barometric pre3sure can be expected to be less than at 

Cape Town it elr, so that along a radial line -in tha~ general di­

rect1on sea-level bas a r1aing gradient away from the port. 

The pressure gradient along the radius, ilP/dr~ thus,. in eftect , 

represents the tendency that the sea would have to flow towards 

Cape Town under the influe11ee of gravity, once the holding ... po er 

or barometric suction were removed. It is the rate or change c f 

pressure-gradient w1th time~ /r( o,Yar) ) which determines whether 

tn1s holding-power is altered or not II and the extent of flow in the 

radial direction towards Ca-pe Town. So long as this quantity is 

zero no movement will occur, but flow will commence as soon as it 

is- either poe1t1va or ne~tive. At some value sufficiently 1arge 

presUtitably. propagation will proo.oed in the fom ot _waves. 

Re~rding ~(aP/ar) , then, aa a meaam .. --e of the flow 

towards Cape Town from any 't'.)oint along a particular radial d1-

rect1on. it eeeme rational to suppose that the ultimate magnitude 

or the Ran{!:8-ef ect which reaches Cape Town f r om that point w111 

* be 1nvet'&ely l)ro-portional to its distance r f rom the port • H nee 

the quantity -/;· .-/t(~fYiJr) ma:, be regarded as a criterion or the 

relative eapao1ty of any particular point in th& ocean to be re­

sponsible for an observed Range-effect at Cape Town. This quant1 ... 

ty. or course, is theoretically infinite when r 1s zero, and, 

strictly speaking, some more appropriate factor than !,Ir. should 

have been adopted to avoid th1s. but, so long as we agree to limit 

application of the expression to radii greater than say 200 m1lea, 

it should loee nothing or 1te general1ty as a sound emp1r1cal in­

dex ot Range-producing potential. 

s rhere is no justification for making this inversely proportional to tha 
square of the distance r , am might be necesi;iary when considerin~ elUJla­
tion from a point source in all dirootions in a plane surface, l et. Lamb, 
l oco ante p. 105 ~ {54). PP o 297, 392) since ;'at ( iJY'or) 1s already 
lineal QDd pertain• only to the particular r~dial lin0 
being considered. 
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The appl1cation of thie expression in any adequate surv y 

of a wide expanse of ocean, for the purposes or locating the ar a 

or origin or supposed ground-swells, is necessarily a laborious 

task, which the author has had time and opportunity or undertaking 

1n only one case. 'l'b1s was the part1oular incidence or Range-ac­

tion or June 19/20th, 1945, already studied 1n Example 3° (pp. 110-

172) in relation to the synoptic charts for the South Atlantic 

(Figs. 76) and the local cond1t1ons at Cape Town (F1g. 17). 
Scrutiny of the synoptic charts seemed to indicate that a 

radial d1rect1on south-south-west of Cape Town would afford the 

most profitable line of enquiry 1n th18 quest. Th1s decision was 

arrived at by plotting first barometric pressures against time, 

separately for several test points such as 200, 500 and 1000 miles 

north-west, west and outh-west of Cape Town. 

Pressure was then plotted against distance along the s.s.w. 
radial 11ne for each time for which there wae a synoptic chart. 

'rhe 'Pressure gradients, iJP/ar , were measured trom these curves 

and plotted against time in a further ser1ee or curves, shown 1n 

F1g. 97. Extraction of the grad1enta of these latter curves then 

yielded values or lt(l>Pjar) at different t1mes, and these were 

brought to comparative rat1n3 by employment or the tactor Jlr to 

give, t1nall:,, the required quant1t1es tor plotting 1n the Sp&ce­

T1me Chart or Range-rotential, shown in Fig. 98. 

F1g. 98 has been contoured to show the ma.~itude ot the 

'Rango-potent1al' agatnst a background or distance and time. The 

red zones in general 1nd1cate flow towards, and the blue zones 

flow away trom, Cape Town, and closed or semi-closed contours of 

h1¢.1 potent1al suggest the times and distances at which this move­

ment ·was particularly strong. 

It 1a 1ntereat1ng to t1nd that over the period from June 
. 

15th to 23rd there are alternating zones of pos1t1ve and negative 

potential 1ncl1cat1ng a roughly perlod1c flow to and tro along the 
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radial line at 1nter,als of about 2 days4 Some such reversible 

flow ot the sea 1& clearly necessary to meet the requirements of 

the r1se and tall of the ocean under the travelling d p\"9SA1ona 

and anti-cyolones. 

rt will be f!een that the mof't. 11.k.ely m:,1.~r.~ of R~ng~-ae ... 

tion 1n th18 ~r1od_, ocourrad o·· 'n. :rtwn~ l~t'"' ,.. "'~•i- t dl'l 
t'... v ~ • .:, ..,. ·E an~, ~(; i,u a . • · .i.stE.·fJees 

of some 200 to 300 miles from Cape Town wh~n the RRnge~potental 

values were respect.1vely 15 x 10-5 and ~8 .x 10-5 m,111bars/sq. 

mile/day. To see whether these accord 1>:"1 any way with the observErl 

·effects t Cape Town, whiob are reprodu~ed from the weather-chart 

of Fig. 14(b) on the time axis of Fig. 98, we have merely to pro­

Ject, rrom the centres and margins of thes disturbances on the 

time-base, lines ~h1eh confol"m w1th the speed of progression of 
. 1'· 

long waves oTer the depths or ocean directly s.s.w. of Cape Town. 

The velocity of long waves taken as appl1eable 1n th1s 

case 1s that given by equation (8) {p. 108) and the shaded zone 

or F1g, 27; and the deptbe or ocean over wh1eh they must tra.Tel 

are set forth 1n F1g. 7. With the loga.r1thm1c d1atance-scale 

adopted in Fig. 98, 1t 1s found that the space-time tracks of 

such waves may be repres nted approximat ly by straight lines. 

If there were any reality in the hypothesis we have adyanca.i 

the space-time tracks of maximum-amplitude Range should pass di­

rectly through the centres of high Ran~-potential in Fig. 96. 

The peak osc1ll&t1on for this period occurred in both the Alfred 

and Duncan Basins at about noon on June 20th, and the space-t1me 

traok of the long waves necessary to cause such a disturbance is 

round to pass directly through the zone or maximum Range-potential 

at a distance or some 200 miles from Cape Town. No better tally 

could really be desired: moreonr t _he general persistence of' the 

oac11lat1ons at Cape Town throughout June 20th and 21st accords 

Thia final deTelopment Wal suggeeted to the author by the work of Barber 
and O'raell, (l .. o. ante p. 114). [84], Who adol't&d a similar procedure in 
exnining the origins or short-period a-.vells, 'lfhiob. travel at group .,.,_ 

looities. In their case the apace-time tracks of the wavea •ere aucoesa-

1\ally related to the geoetrophie wind apeede in the storm centres. 

• 
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well with the considerable commo·tion in the ocean s.s.v1. of Cl:l pe 

Town as portrayed by the closed contours or the red and blue zones . 

A~ against this pleas1ng congruency, there 1s a Tery much 

' less satisfactory tally in the case of the minor peak or Range-

oscillat1on. which occurred at Cape Town at midnight on June 16th. 

It 1e, however, what might be called a 'near-miss•, and there is 

some justification for believing that the information 1n the syn­

optic charts for that time was not wholly accurate or that the 

maximum Range~potent1al occurred on some other radial line nearly 

but not directly s.s.~v .. of Cape To n. One feature which supports 

eueh a T1ew is that the relative magnitudes of the Range-oscillat­

ions for June 16th and 20th are 1n much the same ratio as the 

relative values of Ran~e-potent&al for June 15th and 20th 1n Fig. 

96. 

It would require many more worked examples of th.is kind to 

prove that the apparent truth of our hypothesis was not Just a 

ooino1dence. All that can be said at present 1s that there is a 

strong probability that long ground-swells are set up by the ex­

haustion or the depressions as a result of the inherent tendency 

or the sea to acoommodate itself to the prevailing atmospheric 

pressure overhead. To a large extent this movement will be inter­

woven w1th the genesis of high winds, since sudden 1ntena1f1oation 

or d1ss1pat1on of storm-centres will create ~he conditions most 

favourable to the promotion of violent geostroph1c winds. Thls is 

sup'J)orted by a general observation that can be regarded as an 1n­

tall1ble rule: namely-. that Range-action or the h1e;ber•frequency 

t1pe. as d1st1nct from the long.period ae1ches, never oceure but 

1n the company ot prominent, visible swells of short per1od1c1ty. 

Seen in this light, our hypotheses a) and b) draw toget~er, (at 

least 1n respect of Range-action arising from '•~orma that do not 

blow home to a port), and the mutations of traTell1ng depressions 
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~~ the pr1m~m rnnblle or the Range.phenomenon become common to bot h. 

78 • QommngJJ~im. .. Q!rJiU!>Jt.\rui!~"'9J.L..tlUt..Q .. r.\s!nu __ <rt .J3f!:.nsi..i. 
We are now in a poa1t1on to gather together the threads .of 

extant knowledge upon the subject of the origins of Range-action 

a-nd 1ts related phenomena. We shall not at this sta@e concern 
, .. ·• 

ourselves with details ot the mechanism or this action, except to 

note, as 1n Section A3 (p. 126) and Chapter VII (pp. 129-154), 

that 1t may be clearly recognised in 1ts simplest t"om as an oa­

ct.llat1ons ze1che -or standing wave, formed by the pa.eaage tbroutr;h 

each other of two opposing wa.Tes of translation. The fundamental 

requirement tor the development or the phenomenon in a sustained 

foi,n 1s that there should exist opposing trains of ~aves ot the 

!J&me per1od1c1ty and of nearly equal energy-content; further 'that 

these ~ves should be of a type that will not readily lose energy 

on meet1ng a boundary surface in t'riction and turbulence of break­

ing. The particular kind ot wave that beat complies with these 

conditi9ns is ~he ground-sw•ll, and this, by definition in sec­

tion .40 (p. 117). is .any water-wave whose particli -movement.a at 

bed-bottom are at least Sof of th& aurrace-mo"Yements. As even 

- the h1gbest-frequenoy waves beoome ground-swells in very ahallo 

water Cot. F1g. 21), it is clear that our attention mnst 1n the 

general case be turned upon any source wbateYer that generates 

waves 1n water. 

It seems that waves in water, and especially ocean-waves, 

~1 de~1Ye from any or the following exc1t1ng agencies:· 

(1) Ship mo~ements, 

(2) Se1sm1e dlsturbanoea. 

CJ) Meteorological disturbances. 

OJ • -The -waTes caused b7 ships when travelling at speed through 

water, have been ehown (p. 93) to include 1nvia1ble, antecedent 
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swells wi th periods up to 1 or 2 minut es, beeldea the more t am11-
1ar, visi ble bow-waves and ripples. Thes e long wayes precede the 

ship by cone1d0ra.ble di s t ances, and, though feeble, they belong 
to the persistent ground-swell eategol'Y'; as such, they are cap­
able of generating weak se1ehes in harbour basins where natural 
periods or osc1llat1on a re of the same order as the in°eom1ng 

waves . 

While no positive connection bas ever been established at 
Cape Town, (and it must be admitted that it haa not been sought), 
between the embroidery on the marigrams and the movements of 

shipa, it is nevertheless possible that the weak osc11lat1one in 
the Duncan Basin, often observed at high water in tine weather 
(p. 215), are the resul t of the near approach or large vessels . 
Out-runn1ng tides tend t o destroy weak 1n-eom1ng swJlle of this 
nature and the latter register therefore only when tidal flow is 
favourable to their propa gation (p. 216). Range-action from t h1s 
source, howeTer, can never be of large proportions, and is really 
only of passing interest. 

Ci). Uore important. but comparatively rare, a.re the large 
w&'flts \bat originate with se1sm1c upheavals, earthquakes, vol­
canic eruptions and submarine, molar earth-movements. It has 

been ehown (pp. 88-92) that se1cbes 1n lakes and large ponds have 
def1n!tel7 resulted.from eartb-pulsattons of this kind, and equiv~ 
alent aea-ettecte baTe many times 1n history been occaa1oned by 
submarine shocks or other cataclysmle d1aturbanoea (pp. 94-100). 

S.1am1c aea-waves, near their ep1eentr1c origin. are usual ... 
ly huge and onrvhelmtng, and own at remote distances ~hey can 
s\111 be extremely dangerous. It has often been obaeM'ltd that 
the adwnt of waves or thts type ts marked by an 1ntt1al recess­
ion of the sea. followed by three beads or water at 1ntenala ot 
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about 15 rlinutes (p. 96). 'l'hertt appeaN, therefore, to be aoms 

nst.ural tende-ncv for "e1am1c sea-waws to be generated always a-.. 
lonrt e1mila1' 11nea. -~ 

'!'he only known occasion that wa es of' th1s kind have pene-

trated tnto Table Bay. 1s that ot the eruption of Krakatoa ln 

1es, ( p. 98). It ts more than probable, howeTer, that repercusa­

ions of d1stant tremo1'8 h&Ye from t1111e to tlme caused so1ohes in 

t.be l>Sy and harbour~ even though no clear-cut instance ot t.h1a 

~ort. has been ident1t1ed 1n the ten 7ears that the Range pbenom0 

enr.,11 at C1a1'8 Town has been under study. 

t,) . 05: far greater iTil~rtance because ot tbe1r greater fre­

qu•ncy are the wa.Tes der1Tlng ti:tom JJJNlJ meteorological eou~s, · 
auch as cyclones, hurricanes. frontal depreae1ons, 11ne-aqualls, 

winds and air oac11lat1one. Su.oh wafts, that draw energ trora 

the atmoapbere, are dependent upon the global c1reulat1on of atr 

and the inherent tendency for wa-,ea of oscillatton to be eet up 

at the 1ntertace of two tlu1d med1a (a1r and water), when these 

moTe across each other at d1ffer1ng wloc1t1ea. The Yer, muah 

more mobile atmosphere, 1n stream1ns or Tibrating onr the aur­

tace or the aea acoord1ng to the d1etatee or hem1apber1cal o1r­

culat1on. 1nducec the oac1llat1on at the surface ot d1acont1nu1ty, 

ltD,11t1 to ua as the tamtltar ocean-waYe or coastal aeiche. 

Wherewr w1nd plays •>ftr water, W&'N-tr&1ns are generated 

tn wb~cb the most conep1ououe W8"WW•per1od1c1tJ appeara to be pro­

portional to the w1nd-apeed (pp. 11,4, 209), and the max111111m to 

be about 4/3 of thta, predominant one. . But purely wind-generated 

wa.as of per1od1c1t1es abo'Ye about ,0 seconds cannot ex1st owing 

t.o the general tbeoretlcal and obee"8t1onal cond1t1on that 

speeds ot w1nd-e:.enerated wans be always less than w1nd-apeeda 
0 ct. also Green, (loOo ante p. 100), [46], p. 4. 
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(80%, according to Comtsh, ·p. 114). "7aves of higher per1od1e1ty 
than ·~ ·seconds haft speeds tn deep wat.er exo•edtng 150 mph ( Fig. 
27). wb1ch 18 111C>r8 tban any known w1nd-~loo1ty. 

It. bae been noticed that when the pl'94om1nant wind-speed 
eneed• about 50 mpb, there no longer aeema to be an7 restnct1on 
upon tbe max1utum per1od1o1tJ ot wan ocourrlng ta .~he resultant 
wa-...-tra1n (.p. 209). Tbta suggests · that some other factor comes 
into operation wltb h1gb w1nde to extend the scope for generation 
of long we.Tea and gl'Ollnd-swella, known to accompany wind-g-enerat­
ed wans ( p •. 118). The moat. obv1oua aseno7 · 1a barometric pres -
~re and \b1a 1ntroduoee cona1deratlon ot th• oao1llatory nature 
of atmoapherto o1rculat.1on. 

Tbe atmosphere has been shoffll to enwlop tbe world 1n a 
ser1e,· ot ell1pso1dal, 1aentrop1c &bells, co- axial with the 
earth',, poles (p. 181). and t.he tntrtnatc res111ency or these 
layers ts reai,one1ble for the phenomenon ot a1J--WS.'Y8S { p. 182). 
In part1c\llar • tbe laree a1r-waYeB w'hlcb form at the polar-tl'Ont 
d1aoont1nu1ty between the layers o•er the bem1aphertcal _temperate 
zones. are the media mainly respone1ble tor weather. The travel ... 

hng det,reaalons or theae re!!,one appear to . be the -.ort1cea created 
by ~• breaking or thffe eaetbo\md wa..-es along the latitudes where 
the dteoontlnutty interaecta t1"t globe (p. 183); as such, they are 
t.he centres or disturbance o'ff r the sea ·which · give rise to the 
~t Ylolent winds and which oonst1tute the moat 1mportant sources 
ot ooean""'waTes. Cyslones and hurricanes are less frequent, but 
more Tigoroue. exam:r;1les of the same sort or thing occurring 1n the 
equatorial belt, and are more eapec1ally to be feared for the seis• 
m1c-11ke 11ea-waTea they are capable or developing ( p. 118). 

We ·h$.ve · -attempted \o ahow tbat line-squalls. whlch 1nvar1-
&bly aooompany the oold-tront or a tr&Telling depression, are them, 
aelwe . paraa1t1c wawa r1d1ng on the back or the ~rsnt depression- · 
•• (p. 191). !lle7 appear to bear aome reaemblance to bona 1n • 
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estuarine waters r and run do•grn the oold-front interface to break 
in gu~ts of w1nd and rain on the surface or the earth or sea.' Th$ 
cold-front and line-squalls are definite ~ressure-surgea, which on 
their offl'.l acc,ount will induce tra1.na of sea•wans during the1_r for­
ward prog:ression across the ocean ( p. 211)·. The wa,ree, eo en~nder­
ed. w1ll precede o~ foll ow 1.t, the wake of tbe d1at,urb1np; line of 

pressure, accordinp: aa the group.,,Teloo1ty 1s greater or less than 
the PJ)lllled of the -pres aura wa·ve ( p. 212) . 

But cold-f"'nts and l ·1ne-squalls, wb1oh must be rated as 
lon~ atmospheric waves, are not the only types of a1r-wayes which, 
barotn.etr.1cally. are capable of 1ntlueno1ng the surtace or the sea. 
Evidence ha!! been adduced 1n ~:receding pages to show tb.at the tra -
ell1ng depressions a~ \nvested with still smaller atmos~heric 
wa't'ea, wh1oh 1'."eact on the wind by g1T1ng to it much of 1ts inter­
mittent gust1nees CD~ 192). The reality or these a1r-w&Tea 1s often 
pro~d by ~1tm1ltaneoue per1~d1o tluctuat1ons or barometric pressure 
and ,rtnd-~trength, but the h,,1.ght of tbe we.Te-plane and the wave­
length or the aerial billo•s seem to determine whether they will 

. register barometrically at a11 (p. 196). 

There eanl' neqrtheless .. uo longer be any doubt but that 
the#le quas1-pet-1onic t'luotuatione of :pressure and wind-Telocity, 
when 1mpreeeed u,:,on tbe surface ot water, induce long ground-swell 
capabl~ or caueing both lacu~tr1ne and marine se1ches and the small­
er T1.brat1one ot la.ktit or sea, known variously a.a acend. surge, run, 
undulation, surf or Ran~ (pn. 86, 103, 210). 

Tbe question or how these ocean-wayes would be d1ati0sed 1n 
relation to the moTin~ cold-front ot a depression is of some interest 
Here we may note that de~l\9ss1ons and their cold-fronts adyance at 
speed9 ot about 35 to AO ~ph (p~. 163, 185), while 11ne-squalla and 
tollow1ng winds tn the avers.~ case pa.es through them at apeede of 
perhaps .45 to 50 mpll ( ,;:>o 191). On the basis ot t.be obaenation 
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that wave-velocities tend to be or the order or only 80% of the 

wind-veloc1t1es, the bulk or the purely wind-generated waTea could 

be expected to baTe speeds 1n deep water of the order of 36 to 40 

mph, corresponding to predominant wave-ner1odic1t1ea between 10 

and 15 seconds (Fig. 27). In deep water these waves would ad't'&nce 

with a group Telocity only half that of the 1nd1Tidual waves, say 

20 mph. and would thus tend to lag behind the cold-front. Long 

wa es of periods above about 30 seconds, on the other hand, if 

induced by barometrie osc1llat1one at or near the cold-tront, 

ould travel in deep water at the high apeeds ot ground-swells 

and would rapidly out-distance the tront. As the wans became re­

tarded on a shelY1ng ooaetl1ne, the cold-front would tend to gain 

upon them again to a limited extent. ~e should thus expect to 

t1nd long waves precursing, and abort waves tra111ng, tho oold­

front, although thts arrangement would not be inflexible, and 

would depend very largely on where the highest w1nds and most pro­

nounced barometric osc1llat1ons were situated 1n relation to the 

front. 

We f'lnd some mea11ure ot support for this conception 1n the 

detailed examples of Range-action considered 1n Chapter VIII. In 

the apec1:f1c cases 3°, 4° and 5° (pp. 170-175), wherein the storms 

blew home to tha port and the cold-fronts were 1dent1t1able, the 

long-period seiches. are found to bave preceded the arr1't'Sl or the 

cold-f'ronts b7 a.pproximate periods or 8, 36 and 24 hours, while 

the main body of the shorter-period Range-action lagged behind 

by some 27, 21 and 14 hours respectively. But here it must be 

remarksd that eTen this sequent Range-act1on derived from long 

ground-swells, 30 that our generalisation of' wave-positions vlth 

reference to the storm requires qualifying in respect of the like­

lihood that the matn body or ground-swells or1g1natea from the 

depression-centre 1t6elt - the hub or act1v1ty, which may be many 

hundreda of miles away trom the particular point or the cold-front 



boing coris1derod. 

Here we . must ooneide~ the poQeibil1ty that a f'urther agent 
. . 

in the denloPlllent of long ground-awel ls -iR the N).eaae ot th 

entrained body of water at the core or a d~p:reea1on ae the re­

sult of $Udd~n exhaustion of barometric auction. and plunS""r-11k 

a'-'tion on tbe ·surface of' the F.Jt>a from th~ 1nruah1ng antl-cyolonG 

{p. 217). Some brief study or this SG'.Peat with ratber limited 

data su~seatB. neverthel.,ss, that this ma;r be an important 001"­

tr!.butin~ factor (p. 222). Ground-swells in this case would 

devel.op from the grav1tat1onal flow of a ra1s·ed hes..d of wat•r 

expan41ug into still waterp (p. 218). 

We haTe not yet exhausted the pcuusible modeq ot exc.2.tation 

of long ground-s1Mlle aceQmpany1ng w1nd-S"enera~ed waves, for 1\ . 
appears that they are . 1n any oase \he necessary aoooapaniment or 

a tree prooea•too of WS.l'ell 1n deep wa,~ (p. 21:,). Any ~up of 

wavea, wh1J>ped u;p 'by the w1nd. wh1ob passes out or tbe stol'm 

area and 18 lett to !ts own de.,icea to propagate aa a e.mooth 

11we11. w1ll,aeoord1ng to the theoretical 'PX"edict1one ot · Kelvtn, 
. . . 

gradually attenuate itself by deTelop1ng •ntecedent ground-swells 
. . ' . 

·aa..anolng t.hl'OUsl'l the .group from the rear ( p. 215). Theory shows 

. t .bat this happens aleo tn all the modes of ~neration or water­

wa~s we have tbua ta:t cone1dered, whether 1t be from wind, 
/ 

i:,ressure-tluatuat1on. 1nit1a1 surrace ... elevat1on or a.dnnc1n3 

steady preaaure (pp. 209. 211, 213, 218). 

The pattern of Rangoe-action beg1na to assume a semblance 

or uniformity~ and the obs~rvation that swell always accompanies 

Range ... a.~tion f'1ts naturally 1nto the picture we have formed of 
. . . ~ . 

the affinity ground-awells have tor any type of WSTe propagation. 

It seeme that · our or1g1nal visualisation of concurrent influences 

may not be far i-emoTed. from the truth, Range~action in an7 given 

instance be1n@ born or surface-winds~ barometric oscillations, 

ad"f&ncing aeM.&l bores Ol" billows. and van1sh1ng depr$ss1ons, all 
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opet•at1ng together to produce ov-,rlapping effects of a similar 

kind, although each by itself could produce tho action independ­

ently or the others. 

There remains, however, to draw the distinction between 

meteorological effects which excite powerful long=per1od ae1ches 

in the absence of observable swells from the sea, and those we 

have just considered, which are more particularly responsible ror 

the d nee embroidery on marigrams. The former has been shown to 

consist of vigorous barometric oacillat1ona, prevalent directly 

over the coastal area at the time the seichas develop and com­

parable 1n periodicity w!i .. th the induced se1ches, ( pp. 145, 201-

203). 

At present no very clear-out relat1onsh1p of these baro­

metric osc111at1ons to the weather hes been established, but thera 

seem to be some grounds f or bel1ev1ng that they may originate 

from the general m31ee oi.' opposing air currents destroying each 

other' a momentum, or from one depress1on..-,wave overtaking and over.,.. 

riding another (p* 204). 

In the case of Table Bay the development of these ee1chee 

appears to be dependent on a north-,,eatei•ly drift or the atmos­

phere oTerhead and it is likely therefore that extremely long 

wayes enter the bay from the open ocean in addition to the forced 

waTes created direc·~ly under the a1r-d1sturbances. 
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PART IV 

THE 

ANALY3I§ 

OF 

.JY\NGfit - ACTJP.tl 

"All aotion propagated through a tlqid diverges from a rectilinear pro~re11 into the \UlllO~ spaces". 

- I.?Q.8.C Jle\lton, Prinoip1a V.athematic·a. Book II, (1686). 
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CHAPTER XI,, 

THE HYDRODYNAMICS OF SEICHES 

"One ot the moet interesting and successful applications or 
hydrodyuoical theory is to the small oscillat1ons 9 under gn.rity, 
of a liquid having a free surface''. 

- Sir Bormoe Lllltb, 
Bydrod;v11e.mios, (1979). 

72, .je\obee. £llcand1ns wan, anci Ranp-act1Qn • 
In Section 30 (p. 8A) we drew attention to the phenomenon 

or so1ohes 1n lakes which Forel had recognised aa being osc1llat­
ions or the entire water-mass• although comprising in ettect op­
poa1ng, progreee1"f'!! waves of' oscillation tra-Yelllng through each 

other and returning from end to end or the lake. 

From b1bl1ograph1cal research&& and our own ob~ervat1ons 
and 1nYest1BSt1ons at Cape Town dealt w1th in Parts II and III, 
1t is clear th.at the osc1llat1ons and T1brat1ona or the sea, com­
monly round 1n semi-enclosed barboure, baJS and inlets, or e1'8n 
upon open coasts. are man1testations of the same phenomenon ot 
standing wa..-es, eesent1ally the result or the interpenetration of 
retleoted groUftd..swells and tbe1r st1ll-1ncom1ng followers. 

some study ot the theoretical implications ot this trans­
fusion or opposing wa.Tea 1a necessary to a pertect understanding . 
or the Range phenomenon, and we pursue this aspect therefore 1n 
what follows. 

80, 'f.rs2P1D1tl At Sfc1D4\PI ilDI, 

In Sect1on 37 ( t,. 107) we ga.Te some ot the theoretical 
der1'1'8t1ons applicable to progress1Te oscillatory waves whose 
smplitude, A , was small compared '9!lth their waw-length. J , 
and tbe depth. d , ot water through wb1ch tbey travelled. 'Ph• 

underlying. theory c; wh1ah t;aTe 111ee to the results quoted 1n 
~Cf. Lamb, (loOo&nte Pol05),[54],Arted~~1-228,ppo363-3861alao S"9J'drup, 

Johneon & 11.eming,(loOoante ~olla),[63),ppd516-604;Ki1Jae-!ho111ou, 
''fhaoretioal Hydrodynamics' ,(London) 111938,[95), c354-359. ---~ 
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$quat1ons (1) to (9) far progress1Te waves, is really fundamental 

to the case or standing waves in a uniform depth or water, tor 
. a . 

which latter the compa.1t1'le equations or component d1aplacement1 

( J . ? ) of water-particles in the horizontal and .nrtical d1-

reot1ons at any . point ( ~ ,% ) are: 

. ( 1) J = -A C:lJiq~. Sin f.a"· Sln(,4'~) (horizontally ,i,.,-., ...... C l~} 

( 11) 1J = A. s~i+d.l .o,s ft'· Sln{jot>'E) ( "8 rti oally 

As before~ the system of standing waves ta reterred to t,he Yer­

t1cal plane xoz, whose or1gtn O 11es 1n the und.1eturbed surface 

ot the waterft the OX axis being horizontal and the oz axis ver~ 

t1cal and po~1t\,re upwards- In equations (14), p . and 'l are 

. rea,pf.tct1 nly the periodic and nodal treque-ocies defined 1n equa­

tions (2) and (3), (p. 107), and ti 1s an arb1trar:, phase angle. 

In Fi~. 99 we reproduce Lamb's 11luetrat1on which 1a ty­

pical ot the onc1llat1n~ system of a atand1ng wave in a un1form 

de~th ot water. 'l'he ltnea beneath the eurtace-protile ABODE re­

nreAent the gen~ral dlrecttona ot motion to which the part1cle 

displacements are tan~ntial. water-particle moTementa are all 

Not111near and a,1mple ... mu,non1c. motion under the create C being 

e•erywhere vel'tical, and under the nodes Band D eTery,rhere bor1· 

&ontal. The surface-profile ABCDE 1a g1Ten by equation (14)-

(11) when Z = o and Sin(pt+e)= i , namely, ·11-= A.Cos f.:C : · 
t,be d~sh-11ne profile A 'BC'DE' 1 on tbe other hand, is the surface .. 

prot1le (.z= O) halt-a-period later, wben Sfn(pt+e)= -1 and 

. tbe Ter\1cal d14t>laoemente 1n the surface are eTerywbere 'J•-,4.o.,s,r. 
At ~ny other times exce~t thoee whtcb are multiples ot halt-wave 

pe~1oda, the Tert1cal d1eplacementa 1J are less than those shown 

by the 11a1t1ng profiles ABODE and A'BC'DE', but are subject to 

the cond1t1on that at all t1mestbe Yert1cal moTements at the 

nodes Band D .are zero, and, on the two stdee of a node, ot 



opposite phase. At a po1nt in t1me equidistant between the•~­

treme protilee ABODE .and A'!C 1D~'. the surface or the water w111 

be momentarily a etra1ght line. 

As the hy~erbol1c factors 1n equat1ons (14) are 1dent1-

cal with those or equatton (9), the same remarks apply (p. 108); 

namely, that tor lo~g standing' wa•es to~ whtoh A ts large com­

pared w1tb d • the bor11ontal moYeuu,nts or water, 5 , are eens1 ... 

bly the same at all depths. A long aetche or atand!ng waw 1a 

thua cba1"8ctertaed by a aol1d maaa-moTement ot water horizontal­

ly at the nodes which d1m1n1ahea etead1ly aa the direction ot 

moYement changes to the 'ferttcal rise-and-tall ot water at the 

ant1nodes or Tentre.l loopa ot the oac11l&tion. 

By euper1mpos1ng two 1dent1cal systems of atand1ng wafts, 

displaced rela.tl'f'e to eacb otb•r bf a phaae-dtfterence ot ,a 

quarter or the period, ao that the ant1nodu ot the one e1etem 

overly the nodea ot the other,. we obtain a train ot p~greaa1'fe 

oaoillatory waTe1 wtth the properties already d1ecutaed 1n Sec­

tion :57 •. Further, by euper1mpoa1ng two identical trains of 

auch progreas1Te wavee, tre.Telllng in the oppoatte d1reot1one 

ot X nssat1Te and :r poa1t1n, •• arr1n at a syetem or atanding 

waves, h&T1ng the same wsn-lengtb and period but. double the 

ampl1tude (at the ·ant1nodea) or the component wafti. 

81. 'rhe EnerSl or a azatem ot standing VlaTea • . 
'l'he energy oontatned tn a &JIit.em or etandtng waves ob­

T1oual1 oompnsea the potential energy of eleTatton and tbe k1n­

~t1c energy of part1ole.motton. It can be abown§that the a~ 

mounts or each or these per wa'9'8-lengtb per unit w1dtb of 

standing wa.Ye are respect1TelJ 

;Luib, (loOo ant. p. 10$), [6'], Art~ 229, p~ i6& .. 

§ Thia is •ell deaoaatrated by D&rwin~ (l 0e 0 ante p. 38), r2e), p. 37. 
Lamb, (ibid), rst] 0 Art. 230• p. 369. 



• • • {potential) 

and 

• • • (k1net1c), 

· tilaJt1ng the total energy per wa•e-len~h ot standing wave 

E.s = f gfAaA • 
________ (15) 

The only aymbol not h1tb8rto appearing 1a f> , the density of 

the !luid med1um. 

·Ftu• a ayetem ot progresa1w waYes of a1m-ple-barmon1o form 

the amounts ot p0tent1a1 and k1net1c ener8J' are round to be ex­

actly &qual, and .the. total energy per wave-length per un1t width 

1n tbe1r oaae 1s: 

• 
_________ (16) 

It two identical trains or prosrese1Te ,rayes. eaob carry-

1n~ the energy oont.ent ot (16), tr&Tel in opposite dlreotlona 

through each oth•r, tbe1r combined .energlea per .wan-length pe1• 
un1t . \'f1dtb w111 amount to sf A~;, . Tb18 may be Wl'ltten lll 

tbe ror!!l f Sf {2AJ A , the energr or the resultant, atand.l11g­

waye ayatem. aa 1n (15), trom which lt 1s clear that the amplitude 

ot the eta\1d1ng waYea w1ll be double that ot the component pro .. 

greaa 1 Ye wa wa • 

Thia c1routl8tance explains how it 1s that long ground­

swells ot .mall amplitude 1n the open ocean Juat outside an oa­

c111attng area~ •uch as a bay or harbour, are able to develop 1n 

amplitude ae standing wa'fes or se1chee, through the energy oon­

trlbuticm ot their reflections. Apart trom this, ot course, 

there 1a a natural ·tendency tor the ampl1tudeo ot the 1ncom1ng 

waTes to 1norease as a reeult or the d1m1n1ab1ng deptba oTer 

wh!ch the waTea tr&Yel 1n their ~pproach to a coastline. 

The tmp11oat1ona ot th1a last 1tatement may be oxamtned 

1n the -••• aay, ot long waves by replacing ~ 1n equation (16) 

by tbeuae ot e~uatlone (5) and (8), (pp. 10?, 108). Th• euers, 



of the progressS.ve waves th.en becomes 'Ep=-~ fgpA~t:.-lic/ . 
from which 1t is seen that the energy 1s proportional to the squ.ara 

of the amplitude and the square :root of the depth; that ts, 
r I!. _/"':i .. 
/;;' cc .:4 . ., d 

If the energy of long waves remained substantially unaffected by 

frictional loesee t we could expect from crn that the amplitude· of 

the ~aves would vary .inversely as the fourth root of the depth ~: 

in actuality. however, the frictional losses cannot altogether be 
f 1gnorad, and the increase in amplitude of the waves w1th diminu-

tion of the depth of water would fall rather ~hort of this. 

a2. rm, osru,11au2n.e __ qr se1cbrm 1n jnq;toacd Basins..:. 
A se1che may be considered as a particular case of a stand-

ing-wave system which is ' t unad' to the dimensions of the osc1llat-

1n~ area in which it 1a set up. As such, it becomes in effect a 

series of resonant standing-waves, because the reflections of the 

underlying constituent wav~s for~ a further standing-wave system 

on their own which synobron1ses exactly with the parent one and 

augments 1t. The l"eflect1ons of the reflected waves repeat this 

process, and in theory, were it not for the faot that there 1a al­

ways frictional damping to absorb the energy of the waves, the am­

plitude of the ultimate resultant standing-waves would become in­

finitely great. 

In the simplest case of an enclosed rectangular basin of 

uniform depth, cl , the free oac11la.t1one of the water-body must 

obviously be such as to make the horizontal displacements § at 

the two ends zero, since the boundary cond1t1ons make such horizon~ 

.al movement impossible. The conditions that § = o at :;c.: O and 

:;c = L , where L 1s the length of the basin, a.re fulfilled 1f 

Sfnq.a:- tn equation (llf) ... (1) 1s zero when.% has these 'flalues: . - -· When convergence of the wave-fronta~ is also taken into account in (17) 
we arrive at Green's Law that A OC D-J:.d-/4 , where b 1 s the breadth or the 
wave-front {o~. Lamb, loco ante p. 106, f54) 9 p 0 275). 

t Cf. Stanton.. · 'Friction', · Glue brook' a Diotion,ry of' Apnlied Physics. (London ' 
1922 11 r9s), Vol. 1, PPo 312··315. 



that 1s, if _______________ (18A) 

berem is an integer having possible values 1,2,3, ••• By subet1-

tut1n~ for f in terms of equation (3), and by further use of' e­
quations (5) and (8), we ar~ive at the periodicity of the free oa­
c1lla1~1on in the basin, name9ly, 

~ = ..L. 2L ~ < 18 > • m m 713 
In 'the slowest mode or oscillation ( 'Rt= 1), the se1obe is 

uninodal with the node in the m1ddl& or the basin and tbe adJacent 
opposing antinodea at the t1lm ends. The water thus rocks or see­
saws about ·t,he node- and the period of the oscillation 1a the peri­

od of 1,::1 C!l>n\ptli"l,t!t'\'l~· -progressive wavfJa which have a wave-length twice 
the lengtl) of -~.he basin (cf, p. 8 S ) . 'l'he higher modes of osc1ll­

at1on haye periods t, 1/3, lp .. o• or the fundamental uninodal se1che, 
and their number of nodes correepo de to the value of m • In gen­
eral a complete harmonic sei,:,iea of setchea can exist. the binodal, 
trinodal and mult1nodal seiehes F,d.d1ng to the o erall movements. 

'"hen we come to c?ns ~der iwo-dimeneional propagation 1n a 
rectangular bae1n of uniform derlths the modes or oscillation are 

,_, 

gi,ren by l;" 1n the following 1
: 

+i:... =· ma+ ./La • ·1 
~gd /J ' 

/J = (9tt J 
( 1) 

where ____________ (19) 

( 11) 

and Land Bare respectively the length and breadth or the b9.e1n, 

i"I being an integer of possible values 0,1,2,3,.... By taking Tl=O, 
we obtain the same result a~ (18) for the component oscillatton in 
the direction of the length. Ir a pure transverse _oscillation wea 
possible 1n the direction of the breadth, 1t could be expected to 
ha..-e a period g1ven by (19) when m=o; but in general, it L is 
much ~rester than 8 , such a. transverse se1che w111 be unstable and 
the true oond1t1on will be g1Yen by (19) when long1tud1nal and 

l'.f The origiMl derivation of this to:rmula has been attributed to 'f.erian t (1828) (:4,.ante Po 113), rs3] 0 

Ct. lA~b. (looo ante p, l05)i [54], Art 0 190, p 0 284. 
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transverse ,.nfluer1ces a.re at work together. 

-rhe conditions of a variable wtdth and depth of basin or 
lake require separate treatment ,;. Tho general ease hae been 
solved by Cbrystal i- 'ttho applied hie theory to calculating the 
natural periods of osc1llation of different lakes, of section 
and shape both uniforr and irregular. The :measure of h1a succeu 
lies 1n the fact that he was able to obtain remarkably close 
theoretical tallies with observed per1od1c1·c.ies for such lakes 
e.s Constance, Ga.rda, !:":adusee, Neucli~tsl, Starnberg, Oeneva, Nee 
and Earn, and also for particular configurations of basins adopt .; 
t d in model experiments :;$ . 

A point of some interest to us iri our later considerat1os: 
ot the eeiches in ~able Bay, is the tact, discovered by Chrystal 
that 1Vl lakes or va1•iable dep·th, the per:tods of the euccens1ve 
modes of oee11.lation du not 1n general uonfcrm to the harmonic 
series 1, i:, 1/3, ~J'. o ~. Thus 1n a _re,:tangular lake of para.bot! 
longitudinal croaa~sec· ,ior., whose maximum. depth is <(, the pe r1odE. 
&" of free osc11: at~.on are r:iven by 111 

.!t'.:b3: :.: m( m +I) ( 20 ~set ., .. 
h1ch, tor the uninGd.f,1: binodal• •• ., .. ae1.ches;, are then in the rat '.!.· 

OS 1, 1/1.73, 1/2.45,••oo 

In ·the case of a rectangular lake whose longltud1na1 
cross-section 1s of ·the shape of part ot the quartic curYe. 
namely, Z= 4,(1-1!f")a, ~ be1ng the maxinum depth, .the reso"" 
nant periods ?:"111 conrorm 'to t (I 

. Tf'&L 
11 = 7P t.. /' '!1.,m"'/J:! + 1) < 21 > ~90:, ~ /(:l. 

where f and /,c are quant1t1ee dependent on the configuration ot 
the lake. It 1s entirely possible in a lake of this concave 
shape tor the trinodal seiehe to have a period only halt or the 

: er. Lamb (loOo an·ce p. 105)9 :54L Arts. 185-lSop PPo '}'13-27''1. ---L.c O (s.nte p. 84) 9 r 41 L PPo 599-649. . § 'fhite & Yatson , 'Some Experimentql Results in Connection with the Hydro­.•. dyu.mical 'l'hGory of Seiohes' ]Proo0Ro:,.S0c 0Edin 09 l906
11 [97)

9
Vol

0
26 p i4~-+ Ibidof4l]; also Lamb (1bid)pr54).,p

0
2'11'. 

p • 156 '-' Ibid, r 41 L · . ' · 



uninod&l eeiche, the ratios of the periods running as l, l/1.46, 

-!- 11 ••• Lake Constance TJas round by Forel to exh1b1t periods 

for the uninodal, binodal and tr1.nodal se1ches very close to this 

series. 

According to Chryetal' s findin@S, equation (21) has wide . 

applicab1lity with good approximation to a large number or natur­

al lakes. If the 'J)eriods T, and -Z-2 of the two longest modes of· 

oscillation are known from observation. the othera can be com-

puted from the formula . ~ 
!:. - /1-tJ 

111 - '"t; Vm:i.+-j --------=-(22) 

in which (1) 

and 

J= 4-R2 

R:1.-1 ____________ (23) 

c 11) R= ?°'(-z.; 
More important to ue from the point of view of their ap­

proximation to the shape or Table Bay (er. p.4-0and Fig. 8) are 

enclosed basins of e1roular or elliptic ehape. 

The tree oscillations in a e1rcular basin of d1.smeter D , 
haTlng a paraboloidal bed whose depth at radius r 1s %:::t{,ft-~~j, . l' Da 
" being the maximum depth at the centre, have been 1nveet1gated 

by Lamb t . He found the symmetrical modes, in which water oac11-

lateu about nodal ctrclee, to be g1Ten by 

( 1) 7TD = 2.828, 4.899, 6.928, 8.94, 10.9t1, 
?;~ 12.95, 14.96 ••••• 

and the unsymmetrical modes by (24) 

(11) 7TD ;: l.,dlA, 3.742, 5.831, 7.865, 9.88, 
'Z;/9~ 11~92, 1:,.93, •••• 

'l'be t'1ret made 1n the uneymmetr1cal clase 1s a pure uninodal 

ae1che about a diameter, tn ,htch the water simply sways trom 

side to side: the second mo~e c~ntatns both a nodal diameter and 

a single nodal o1rcle. The rattos or the per1od1c1t1es, repre...,. 

sentin@ alternate unsymmetrical and S7fflmetr1cal modes of 

t L .c o ( ante p. 84) , f 41 Jo 
L.c. Cute p. 106) 0 [54L, Art. 193, pp. ~91-29:S. 
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oacillation, rorm the s eries lt l i l/?. .65 , 1/3 • .,16, 1/ LJ.12, 1/ 4.90, 

1/5.56, .... 

An apnroximation t o the slowest mode of oscillat ion in an 

elliptic basin or uniform depth d s whose bou:ndary ... equation ts 
;;c2. v2 _ I ,,; 
La. + ~ - 4 11 '.ie siven by Lamb as 

( 1} 
7r2.J_2 --r.;""i.gd 

where __________ (25}. 

(11) /3 --
and L and B are respect! vely the major and minor axes of the 

bas in. 

The problem of the free oscillations 1n an elliptic basin 

with a paraboloidal bottom or maximum depth ~ has~ however. 

been solved by Goldsbrou gh t , whose results f'or the pr1nc1pAJ,. 

modes reduce to 

......... .. ... , . .w.- ... ........ ~ .. :;.;a-
(26) 

Equation (26) ... ( i ) has two eolut1ons, th~ lowe~ f'requenQy 

or whi ch 1a a mo1e of oso1llat1on occurring about a pair of 

nodal hyperbolas. The other solution refers to an oscillation 

about a nodal ell1pse. Equation (26 )-(11) repree~nte a pure 

seiche in wh1oh the wate r surface remains plane ~hil~ rocking 

about the minor axis aa node. The two solutions of (26) ... (111) 

give in the lower frequency an osc1llat1on about the minor axis 

to L.oo (ante Po 105). [54] 0 Po 2~0. . 
'The Tidal Oscillations in an ~lliptio Basin cf Vari~ble Depth', 
Proc. Pioy. Sooo Lond., Volo A 130 0 1930, [98), pp. 157-167. 
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and two nodal hyperbolaa, and, in the h1gh0r frequency, about 
the minor axia and a nodal ellipse. The fourth result rerers 
to a simple oscillat,ion about the major axle s in which the wat­
er-surface remains plane as 1t rocks. 

The particular value of the ratio lJi. of most interest 
to us ia 2/3, this being about the ratio of the axes of Table 
Bay, reearoad ae an elliptic bowl (p.40 ) . For a .,-alue of p , 
then, of 4/9, oquation (25) 

-rrL --7; 'r'gci 

gi"l68 

1.873 _________ (27) 

while equations (26 ) reduce to a series 
1r·L - 1.,114. 2.121, 2.225, 2.875, 3.816, r~ -

4.'387,o•o• (28) 

Since d 1n ( 27) refers to a. basin or uniform depth, while 
" 1n 

(28) applies to the maximum depth of an ellipsoidal basin, the 
two reaults are not di~actly comparable. 

'!-:quations (26) should give '.ldent1cal reemlts to (24) for 
the special case when B and L ~re equal and the ellipse be­
comes a circle. ?,!a.king /J= 1, we find from (26) 

1rL 7: ~ = l. Alt!, 2. 000, 2. 828, 3 .162, •• .,, ( 28A) . '9 0 

~he principal modes of symmetrical and unsymmetrical oscillation 

in (28A) agree w1t~ (24), but Goldsbrough's other figures (2.100, 

3.162) are unidentified . We shall, nevertheless, at a later 
stage assemble · all these results ro·r comparison with the obiltrf-V­

ed periodicities of ae i ehes in Table Bay. 

83, Fo-t9gd s11ohes 1n ~ngl2~@d ;eas1na, 
Although the basins we have to deal with in gulfs, bays, 

inlets and harbours are seldom fully enclo_sed~ they are nonethe­
less subject to muoh the same effects a3 are found 1n landlocked 
bodies of water, and the extended study or the latter, therefore, 
is tully justified . by the 1ntormat1on we can gain. 
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Up to the present we have considered only the tree os­

cillations or enclosed bodies of water, which re•eal the modes 

in which the water would way by natural 1nolinat1on as dic­

tated by the topogr&phioal features or shape and depth. Ir 

d1sturb1ng foreee of periodic nature are applied, seicbee or 
precisely the same nature as the free oscillations w1ll be set 

up PX-O•lded that the frequencies of .the periodic forces agree 

with tbe natural frequencies ·of the particular basin consider­

ed. Certain pecu11arit.1es are often exhibited 1n forced os­

oillatione by the failure or the exciting force to stimulate 

the even modes of the free oac111at1ona and this circumstance 

merits aome examination. 

In the ca.ee o-r-a rectan@Ular basin of uniform depth, it 

w111 be found that under the uniform stimulus of a per1od1o 

horizontal force, X = .f. Cos ( pt+e) • such as might repre­
sent tide-generating forces in a landlocked sea, it 1s only 

the odd-modes or osc1llat1on wh1eh are .excited when the appliw. 

* perrod1e1t1es are given by equation (18) for m=l,3,5, •••• 
The eXplanat1on tor this lies in the fact that the impressed 

force. wh1oh 1s horizontal , cannot synchronise with the verti­

cal motion or the water 1n the middle ventral loops or anti­

nodes or even-modes of oscillation. which are always central 

in the len~h ot the ba81n. 

Chrystal was disposed to recognise the existence ot 
torced se1ehes ae being set up by violent storms on inland 
lakes 'f . In general the ae1ohe-perioda recorded during suoh 

storms were tound to be 1·rregular, as if composed ot a Jumble 

of se1cbe oom-pone~ts, differing somewhat from the true seicbes 

which · dewloped after the storms lulled • . We may hazard an ex­

planation tor thts on the basle or the knowledge we ba'f9 sa1ned 

.~ Cf. Lall.b. CloOo ante Po 105)9 [64]!> Art. 1'19, Po 266. 
L.o . (ante p,, 84), [41]. 



in the ear11e~ part of this work. It see~s clear that a storm 

1n passing oTer·a lake will generate, as it does over the ocean, 

a complex system or wave-trains, some of whose per1odic1ties 

may agree more or lees closely w1th the natural periods or the 

lake. Those impressed per1od1c1t1es which happen to lie clos-

eJt to the natural periods of the bae1n will tend to generate 

roroed se1ches in virtue or the w1de frequency-band of reaponse. 

on either side Qt the cr1t1cal resonant frequency, tbat a late 

or baa1n usually bas. Examples of this in the oaae ot Table 

Bay harbour will be demonstrated 1n later chapters. 

. 

84. setobea tn Semi-Enclosed Baatns L1nk1ng with the Sea. 

We oome now to consider the forced oscillations eot up 

1n baa!na wh1ob 001nmuntoate w1tb tbe opon sea, as a result ot 

the ingress of ooean-waves • 

The problem 1n 1ts simplest to:rm consists in analysing 

the atanding-waYe system induced ln a rectangular canal of un1-

rorm depth d , closed at one end. at a distance L from the 
~ mouth rronting on the sea ·• If sea-level at the entrance ot 

the canal ia subject to a per1od1c Tertical displacement 

1J = A.Cos(pt +e), the oond1t1on must be met that the standing 

wayes 1n the canal have this value f'or '} when X= L • ( taking 

the origin at the end ot tbe canal). For equaiion (14)-(ii) 

to conform, we must tberatore b&Te 

? =A.~~~ ·Cos(pt+e) 
For all values ot q whtch make Cos 'l,L::: o, this solu-

t1on fails throu~ 7 bt,com1ng inf'1n1tely great; 

cond1t1on br1n@i.ng about resonance 1s, therefore 

q,L =s.I 
2 • 

the critical 

where S 1s an .odd integer or suceesa1ve values 1, 3, 5, •••• 

By the same procesa or der1'.at1on as for oquat1an (18), thte 

~ Ct. Laabg (loco ~te l>o 106), [54), Po 267. 



l~adB directly to the re~ult 
l. _ .L. 4L 
m- S@ 

'l'he slowest. mode of rtteQnant. otteillR-tion ( S= l l, in C(\1'\ .. 

tradist1net1on ~o that ooeurring in an @ncloPP.d basin (t$.!11), . 
now t,akAa plane a.bout. ~ nc,de wh1~h :Ufts ae~stt the mouth of i:-he 
c~nal.. 'l'hP r,1ndemsnt,al. osC!,.lla.t1on th~~forf' "onehite or .1n@+: 
half' of the veT\tra.l loop ot' a cUnding wave (F1.3 .. 99~:: w1th thct 
ant1node at the head of the basin. The next mode baa two nodes , 
one of which liea at the entrance, and one-and~a-halt ventral 
loops 1n the resulting seiche. The periods of all the possible 
modes ot osc1llat1on haTtt ratios 1n the harmon1c series 1, 1/3, 
1/5, •••• and the number or nodal lines corresponds to (S ;_I) • 
or which one 11ee always at the entrance. 

We ha'Ye here another example or the suppression ot enn 
modes or osc1llat1on, but at f'irst eight the position looks 
anomalous 1n Yiew of the tact that sea-leTel at the canal mouth, 
in tel'lll8 or our premises, rises and talls in a forced oac11la­
t1on ? :::: A.Cos(pt+e) , whereas, in terms of resonance, no 
Terttcal d1splacement i s possible at the entrance-node. How­
ever, the d1tf1culty is resolTed when we realise that the aeiche 
ls the resultant of the impressed pulse and its reflected wave. 

If the rectan~lar basin or canal we have considered is 
now g1Ten a shelrlng bottom from maximum depth at the entrance . 
to zero at the end, the incoming waves are fore-shortened as to 
wa.a-length and stimulated ae to amplitude. On the other hand , 
tr the basin converges towards its bead without change or depth,· 
the height or the waves is increased without much change of 
waYe-length. The · oomb1na,.t1on of connrg1ng s1des and shel Ting 
bed ls a type of basin commonly found 1n estuaries and coastal 
inlets. and the mathematical solution of the surtaoe profile or 
the oao1llat1on has been round to apply with tair approximation 



to co-ose1llating tides in such plac0S, notably the Briatol 

Channel ~. 

The first two of the aboTe three cases are of special 

interest to ua. In tbe case of' the rectangu ar canal with 

straight sloping bed, open to the sea at one end, Lamb gives 

the solution to tbe fre• eurtao•, as the result of a foroed 

oeotllation of amplitud:e A .. outa!.de the canal, as 

11 = A[ t - !!is. + (Kxla _(lrx)3 + ... ·] 
-, 1~ 16:24 1~2~33 

wbtob ls the equation ot a Bessel tunct1on. A.cfo(.2.J<Z:x:-l) • 
where I(= 1J" and p 1a def1-oed as . tn equation (2). 

Aa this eertes converges rapidly for ordinary 'f&luea of 

/(:;c , it eutfioea to neglect b1@ber J)OweN than the aquare, 

and txpresa the condition tor the ttrat mode or oec11latton 

1n the canal. (tbat the node 11e at t.be aoutb), by equating 

'J = o at .% = L • \be length or the basin. !h1s giws l<L::: 2, 

or . 
, _______ (30) 

approximately. where 4, 111 the f1mum depth of tbe bed at 

the mouth. Tbts result, it \t18.y be noted, is the same ae for 

a rectangular basin of length 2.L .with pars.bolic bed of ma:rt­

mum depth · " , as giwn by equation (20). 

For a triansular canal of length L and uniform depth d , 
open to the sea at the broad end. Lamb ehows the equation ot 

the free surface to depend on the Beaael runct,1on c.{, ( lc:c) • 
where k= · P/gii • Again the oond1t.1on that a node alwa:,s 11e at 

. the mouth or ·the canal, ( for wb1ob c./, (lcL) mwtt be zero), la eat, 

;:;..1st1~ 'when 

~ . 

1TL 
-c.,1ga --

10.63, 12.2,. 13.82, •••• 

O~. L!l.JBb 9 (l.c. ante p. 105) 9 [54), ~rt. 186, p. 276. 



-
Bays and gulfs of sem1-c1rcular. semi~sllipt1cal, or ir­

regular sh.ape are forms of basins which are less amenable to 
mathematieal treatment. The Japanese in~eet1gatora, Honda, 
Terada and Iaitan1, made some attempt to inv6stie;ate particular 
cases ~. but 1t seems that the most aatiafactory approach to tb~ 
problem or irregular shapes lies ·1n Doodaon's and Derant's 
grapho-mathematioal methods of analysis 1• The author ler.rnt or 
these too late to permit or calculat1ons being made or this 
basia tor Table Bay, but he appl ed other methods, (to be de~ 
scr1bed)s to achieve the same end. 

-

The transverse oscillations in a flume of water or triangu­
lar section are or some interest to us insofer aa, by the mathe­
matical deT1oe or transferring the origin tv one edge or th8 
canal 1n the general prol:,lem, and of mak1ag the breadth infinite. 
we obtain a system of standing waves on the shelving bed of a 
sea terminating at a coaat,11ne §. A p(Jint of' some s1gnif'ioance 
1a that the standing wave system accords with a complete retle~­
t1on or the incident we.Tes, although there is some change of 
phase. It 1s therefore clear tbaf, standing waves from ~und­
swelle are as much a teaturt3 of eloping beaches as of canals or 
baa1ns or unito:rm depth, and 1t i!'equires only som® e118ht varia­
tion of submarine topography, ouch as undulations of the sea bed, 
tor the deTelopment of resonant stand1ng ... wavea or se1ches on open 
coasts. In this oonneotion 1t 1a or 1nterr.1st to record that 
ae1ebes of 15 minutes per:lod have been dateoted off the straight 

./­coastline near Atlantic City in the Un1ted · states 1 • 

65, Thi Phegqmenon 21: Bea:t,a 1n standtus W§vea or se1ch1s, 
ni Section 38 (p. 111), we referred to the tendency of 

0
L.o. Cute p" 102)p [48]. 

t or. Sverdl'\lp, Johnson & Fleming. (100 0 ~nte p 0 113} [63]p Ch~p. XlVj 
§ 

Doodsonll Tralls. Roy. Sooo Edino, Volo 52, ,1920, [99L Po 629. _ Lulb, (loco ute p. 105), [54), Po 444. · + SverdNp, Johnaon & Flaing, {l.0 0 ante Po 113) 11 [63], Chap. XIV. 
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ocean-waves to t ravel in groups 1n deep water at a speed of half 

the veloc ty of the individual waves. It waa _ehown that when 

such a group of waves enters shallow water, the velocity of the 

group becomes aena1bly equal to t he velocity of the individual 

component waveep so that the resultant waves in the group advance 

as 1nd1 vi.dual " ves in their own r1ght. The arri "tal of a group_ 

of suoh waves at a coastline in this way 111 be marked by a 

r~p1d increase in the size of the breakers until the full body 

or waves or about equal mplitude arrive r after which the surf 

will diminish and a comparative lull occur until the arrival or 

the n6xt group of waves. 

The stand1ng-waTe system 1nduoed by these waves and their 

refle t1ona will exhibit beat-characteristics, wherein the ampli­

tude~ appear to be subJect to a slow sinusoidal variation having 
a par1od1city of its own In the simplest caJe where two consti­

tuent wave-trains are responsible tor the original wave-groups 

f'orm1ntt tbe eeiche-beats, we may resolve ·the latter and identity 

1ts oonet1tuent sta~d1ng~•aTes. 

Tbua, oona1der the superpoe1t1on of two systems o stand­

ing waves whose vertical surface diaplae&m nts in terms of (14)~ 

( 11) a re ?, = '1,. Cos f %· S°Bl 9t and · ~ = Ao• 0. fl'· Srta 4t 
For simplicity their amplitudes A. are taken the same and tbe 

epochs are discarded. When these systems a.re added, t-he result­

ing surface displacement ia round to be 

'} + n = 2A
0
[eosJCQ+Q )x.Cosi(f-q_,}:}:aSini{J?l/f)t.Cosi(P,-f)t I ~~ 7 tz 'I - I '2 I ~ 

If the periodic tre-quenc1ea P, and g are not very markedlJ 

different, we may overlook the small d1ttel"9noe in the wave­

length& by making q:::: q = 'l · , with the result that 
7 2. 

~ + 172 = { 2A~,-Cos J(fi-1;,)t ). Cos q~. Sin :f(P, +g)t __ (32) 



~ornpar!nt? this wit.h 19av.atSon (1A)-(1 i ) =- 111e f ind that t,hfi S.:'.'lp11-

tudet of the reErnltan·:. aa1cha, 

A =2A0 .~(Jt;_l1)t 
6.ecaya af\d grows s1n1Jso,.•1a1.ly at a lo-P ~~rea.ue,,e:y w, wh0re 

w= P,-1;_ 
2-

while the mD,in standing ivaves appear +.c have E", f'~equency 

f = _!;>+ !J, 
2 

If w and f are measure,1, the oonetiY,t Emt p0I1iod1c1t 1es can 
then ~ad1ly be found fr)m 

-( 1) fJ = p+"" 
> ____________ _,,...,..( 33) • 

{ 11) ~= p-w .. 

We com\'i now tc, 001 ~.ido1~ the t(~'eih:.cal tt.ethods used by 
the author• for exams.n,.ng the m&ehan'.lr. t n~· ae,.chE E! in t,'ne vtc1n1ty 
of th0 harbour in Ta'ble lay. They dt1•ve lopaa. r Gally as bye­
pt~ducts of a method of : ntegratinf( ft3.ph1Qal ly tho propagation 
of waTes in different d0r,the of water~ bf,sed on the hydrodynami­
cal equation for wave-velocity g1ven hy (1): (p. 107). It, will 
be neceat:tary to pref'.i·x our diacusa1or.. ">n seiehes with B.ome gen­
eral description of the latter method. 

By the use of equationg (1) and (fl). tha distances 
travelled by both long and short waves 1n diffarent depths or 
water 1n a small interval or time (10 e ~onde) were calculated 
and plotted in a handy form, as in F1g. 100. 1rha d1stance .. scale 
adopted was 1 1ncb to 2400 reet, to aceo~d with the· l inear scale 
ot t,he contoured depth-chart of Table Bay,. upon which the graphi­
cal 1nte~tion was per.tormed. The d$pth seal~ of F1g. 10 was 
made ffu1t,ably open to perm1t ot depthe being Ntad to an accuracy 
of} foot. 

' ' 

•, 

;: 

.. 

·._ 

C 

. 

:, 
. 



By adopting any arb1trary stra1ght-11ne frontage to re­

present the crest or a wave at zero t1me (F1g. 101). the advance 

ot the wave could be plotted on the contoured depth-chart by 

marking oft w1tb d1v1ders the intercepts of distance appropriate 

to the depth (obtained from F1g. 100), at suitable 1nter1'&la 

along the line ot the wave-tront. The second line, adjoining 

the 1n1ttal, straight one 1n Fig. 101, thus represents the crest 

of the wave 10 seconds later~ the third 11ne, 10 aeoonds later 

again, and ao on. Owing to the slow rate of progress of waves. 

in shallow water the wave-front gradually becomes retracted and 

bent at the coastlines, and the wave-crest rapidly assumes tbe 

curvature a~propr1ate to the to'P()graphy ot the sea-bed and the 

ultimate boundary or the coaat. 

!he success of this method of charting waTe-progresa1on ""' 

depends upon the accuracy of plotting and the appropriate select­

ion or the constant t1me-1ntet"f81 ao that the distances tra'Y8lled 

by the waTe 1n that time do not tnvolTe too great a T&r1at1on 1n 

the depth. It was found WJry necessary always to draw 1n the 

line ot each wave-crest as 1t was completed, so that the succeas-
1..-e lntercepts ot distance along the streamlines or normals would 

be truly perpendicular to the waTe•tront. 

In F1g. 101, the 1n1t1al waTe-front was taken along tho 

atra1ght 11ne joining Ot'e«lPo1nt on the mainland w1th the south­

ern extremity of Robben Island. The numbers on tbe creat.-11nea 

represent tbe elapsed time aince the wave left 1ta or1g1nal 

position, on the aasumpt1on that the wav~ le a long ground-swell 

~> Unlalown to the author at the time. (1943), i ·t had been developed earlier 
by Irribarren Cavanillea ( 1 0b6 de Abrigo de lee Puertos'. &Tista de 
Obra.a Publioa.a. Jan •• 1941; TA:nalo, Dock~ Ihrbr. Authyop Ooto, 1942» 
[100] 11 p. 125)., who has remained the great exponent of this graphical 
a.pproaoh to harbour probleu (ct. 'Protection dee Ports', leport to 
lntel"!latlo NaYign. Congro, Lisbon, 19~9, loco ante p 0 126, re2]}. !he 
method hae also been uaed extensively in the Unit3d States. especially 
during the last war; (of. Burt & Saur, 'Hindoaating Technique PrcTidea 
Statistical ~&'V8 Data', Civ. Engg.i Deoop 1948, [101], pp. 47-49.). 



tra•ell1n~ at the sr.,eed of equat1on (8) (p. 108) • . S1noe the 
maxtmum depth of.water 1nvo1Yed in the advance ia 120 teet. at 

• the mouth of the b&.J\, our def1n1t1on <>f a ground-swell (p. 117\ , 
app11ed to Fig. 27.,. means that Fig. 101 111 re~r.esent all waves 
of periods or 20 seconds or more. 

Fig. 101 shows that a long wav takes a little over 10 
minutes to reach the coast from the time of passing throuff;h th 
entrance-channel on the est side of Table By. The aasumed 
orientation of the wavs-tront at z~ time 1 seen to lead to a 
crescent eh.ape near the ebore wh1eh accords well with the config­
uration of the coastline. Greater accuracy, ho eTer, 1s obtained 
by starting the 1ntegra't1on from outside he bay, and F1gs. 102 
to 106 show the wave-alignments on th1e basis wben the d1:reot1ons 
ot approach are from the south-west, west and north-west. 

Altogether, there 1s not a great deal of d1tferenoe 1n 
the shape or the wave-fronts at the shoreline of the bay when 
tbe swell-d1rec~1ons outside the bay ary as much aa 900 
in th1s way. South-westerly ground-swells tend to make slightly 
oblique contact with the shore. w1th wa•es running .northward 
(F1g. 102): weeterl1 awells arrive simult,neously at all points 
along the ooast (F1g~ 103); while north~westerly swells impinge 
obllqu ly with a sl1gnt 8outberly st (Fig. 105). Fie;s. 104 an 

. lo6 show that th• direction ot the a ells outside the bay have 
little etreet upott their ul~imate directions of entry T1a the 
north cba.nnel or tbe bay. 

In F1g. 107 we give the successive wave-fronts at 1nter­
Tals or 15 aeconda tor waves or tb1s period rrom the eouth- eat, 
tor direct comparison wtth the crests of the aouth0 weeterly 
swell which were photographed trom the a1r on September 15th, 
1943. (er. Section 21. p. 78). and are depicted 1n F13. 21. 
Thie comparison. we bel1ew. ta a fairly o.onv1na1ng demonstration 
ot the rel1ab111ty ot the graphloal method. Fig. 107 acoorda 
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v11th equation (1) or the upper curve in Fig .. 100, applicable to 

Fhort waves: by contrast, F-ig. 108 4t.raoea the lines of. advance 

&t 15 second intervals of long ground-swells, aa derived from 

equation (8) or the lower curve or Fig. 100. On the whole, as 

might be expected from consulting Fig. 27, there is very little 

noticeable difference in these two expositions. In all th~ 

graphical "Work relating to seiehes. the integration was, of 

course, made applicable to long waves or ground-swells. 

87, Qrapp1c~1 Analys\a or sc1cb11-
Although Section 9 (p. 34) and Fig. 6 make 1t clear that 

south-westerly swells have the highest frequency in the area of 

ocean immediately west or Cape Town, it 1s patent from Figs. 102 

to 108 that not only do westerly. swells admit more wave-energy 

to Table Bay, but their ultimate crescent sha.pe accords best 

w1th the stable coastline of the bay. ~e have therefore adopted 

a westerly orientation or the swells from outs1de the bay in all 
the subsequent work to be described, 1n the sure knowledge that 

any loss of generality from this cause w111 be small (er. p. 250) . 

F1gs. 109 and ~10, then trace the paths of ground-swells 

trom the west, respectiYely through the west and the north en­

trance-channeld ot Table Bay. On the baaie that incident waves 

are fully reflected from the shore-lines and harbour walls, (Jus­

t1t1cat1on for which has been noted in Section 84) (p. 243), and 

that wa.Ye reflections are 1n accordance with the laws or reflec­

tion of light:, ( Justified by observation), the returning waYoa . 

have been inserted on the same diagrams and numbered a~cording 

to the ~lapsed times 1n minutes from the time the incoming waves 
lef't their starting point. 

Only ttrst reflections have been included to avoid over­

oompllcat1on. Neyertbeless, in the immediate area of the harbour 

there are seen to be two main systems or reflected waYes tn each 
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<'U?.ru, , one com,,ng f':rnm t.he l~?..lnerton Shore P.?'lcl t.he othPr f"rorn t.he 
Eas tern l1~ole of the harbour. As arrecting the water body 1n the 
neighbourhood of' the harbour. there a.re therefore., taking i nto 
account the influence or the north channel, two sets of inc ident 
waves and four main sets ot reflected waves. 

Considering the e.ffects ot the entrance channels eeparate­
ly,. 1t 1e clear that the incident waves will form standing waTes 
with their reflections according to the principles enumerated 
1n the earlier part of t his chapter. The reflected waves near 
the harbour, which run through each other, will also form atand-
1ng waves, so that in t he corner of the ba:, adjacent the harbour 
there w111 be, in effect. three systems ot standing wayes. The 
resultant se1che will therefore comprise no less than six sys ... 
tems or major atand1ng-'i',aTes together with any m1nor standing 
waves that may be formed from re-reflected waTes (not taken 
tnto account). The complexity or the natural phenomenon 1s at 
once apparent. In spito or th1s, we can ga1n a very EPOd 1dea 
of what 1s taking place by cons1der1ng the s tanding waves1nd1v1d e 
ually and then collect1Tely, tor waTee of a particular -per1od-
1c1ty. A few specific cases, as examples of this analysis, are 
described 1n the next chapter. 
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CijAPTEB XII. 
TABLE BAY J\S AN OSCILL/!TING BASIN, 

"~his equalising power of averageat 'by destroying all such fluotua.tions 
as are rregular or acoidental, fl'equently enables us to obtain eviden e 
of ~luotuations really regular, periodic in thsir !'8Currence ~ and so 
lllUCh smaller iu their a.mount than the accidental onee, that. but for 
this mode or proceeding they ne'V8r vrould haw beoome pparsnt' '. 

- Sir J<>h11 Herschel. 
Disoou:ras on the Study or 
Natural Philosophy, (1~51). 

aa, t~IAth~n@tiQ!l Harmonig ADalygia or Selchgs;&'llDI· 

In tbe abaence of any electrical or mechanical apparatus 

tor the har~onic analysis or the "'8r1ous ae1chogrsms and mar1e 
grams collec~ed during the researches at Cape Town. tbe author 

was at t1rst obliged to undereBke the 1dent1t1cat1on or per1od-
1o1 ties by cumbersome mathematical methods (• . 

. . 
Br1etly, the principle followed 1n separating out the 

wave-components in any particular time-record of water-leYel at 

a g1 ven place, a.11 to select tide-heights at intervals equal to 

the periods ot the suspected components. If such height measure­
ments are taken over a long period ot t1me, compared with the 

period ot a component, &nd are sulmiled, the tfects of other 

components will ave1'age out 1f their periods are 1ncommensuable 

with that or the selected component. The sum so taken will then 
giTe N times the t1de-h61gbt of th1s one component, where N 1s 

the number of periods oYer wh1ch the summation extends. If the 

component being considered bas a period of aay 6o ti1nutes, then 
by d1Tid1ng the tide cune into 5 minute 1ntenals·-·snd taking 
every 12th tide-height over N per1oda or 60 minutes, 12 inde­
pendent aummat1ona will be obtained. which when plotted aga.1nat 

their 5 mtnute 1ntet"f'Rle w111 g1Te the harmonic curYe of the 

component, magn1t1ed N t1mea. 
! · · sohuater's Periodogram aethod is here deeoribed. as elaborated 'by 

Eagle ('Fourier'8 Theorem~ B.armonio Azt.alftJis,(London),1926,rl~]) 
and SteiBJllfJtz ( 'Engineering Vath91tlatica' ,(Bew Yorlt) .191T, {103]) • . 
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The next process is to break down this harmonic curve 
i nto its fundamental component and higher harmonics ass Fourie, 
ser1es. The trouble, of course II' lies in the fact that the per1· 
od -of a component is not initially known and must be aseerta1nec 
by trial and error. Thia means the taking ot several sets of 
summations for d1fferent tr1al-per1od1c1t1eo, and the construc­
tion of a •periodogram• from which components can be identified . 

Calculations or this type were performed in 1944 1n re­
spect or three comparatively simple-looking selchogram-cunes 
f or s~attons 11 and 19, out~1de the Eastet"'fl l".ole, on August 25, 
19.d3, (Fig. 44) • and for station 19 on September 20th, 1943t 
(F1g. ,16) .. 

curve 11 (Fig. 44) was selected for the first ca.loulat1on 
,\ S 1t appeared to be the simplest . The periodogra.m, boweyer, 
iniicated the pres nee of at least three fundamental components 
w1t~~ periods of 52!, 61.2 and 66! minutes, giving the tollo 1ng 
barmo~ie series: 

(a) '[; == 5.2...5, 2.Ll., ~. 13.1, 10.5, •••• minutes. 
0.48, 0.89, 0.27, 0.09, 0.03, ••• inches. 

(b) 7: = 2l:.i, 30.6, 20.A, 15.3, 12 .2, ..... minutes .. 
0.56, 0.34, 0.10, 0.12, 0.03, •••• inches. 

(c) '7: = ~ • . ~:,.2,, 22.1, 16.6, 13.3, ••.•• mlnutee. 
n.25, o.8A, O. 47, 0.28, 0.06, •••• inches. 

The most prominent per1odic1t1es 1n th1s particular seicbogram 
appear to be or about 26 and 33 minutes, with the overtones or 
52.5 and 61.2 minutes and a per1od1o1ty of 22 minutes ranking 
next in importance. 

The harmonic analysts or the se1chogram tor station 19 
(F1g. ~A), (recorded at the same time a~ the other). sugsc,eted 
that while . the abo'Ye series were obviously close to being the 
pr1nc1:pal components, there were others of at ill longer per1od•, 
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notably 117, 105, 98, 95, 91, 88, 79, and 72 minutes, which 

appeared to assume importance when the per1odogram range was 

extended, Fig. 111. Check calculations, made by oompound1ng 

the principal components, succeeded in re-establishing the 

ma1n shape ot the seichogram-curve. 

The tremendous labour involved in breaking down a single 

se1chogra.m 1n this way, by purely mathematical processes, ruled 

out th1a method as too unwieldy and complicated ror genel'"Sl use. 

A search was therefore i nstituted to d1ecoyer some more con­

venient and rapid means of d1v1nat1on, and fortunately this 

brought to light Chrystal's method or •Reaiduation'. 

. $ 

69, Hal'lllQolc Analysla ~I Rta1guatlQDL 
of · 

Chrystal' a met bod,( Res1duat1on depends upon a prior 

knowle~ge or the approximate per1od1c1tiea of the component 

waTea; if these are wholly unknown and cannot be inferred from 

mere scrutiny of an harmonic curve. recourse must still be had 

to the periodogram method to~ identifying probable constitu­

ents. In most cases, however, 1t ta possible to d1st1nsuish 

one or more or the ~omponente and assess their approximate 

per1od1city merely from vteual tnspeotion, in which case the 

Res1duat1on process becomes applicable. 

If it ls known, for example, that one of the components 

or the harmonic curve is an 11 minute seiche, then the curve 

can be 'rea1duated with respect to' the 11 minute wave and a 

new curve obtained in which the 11 minute component is absent. 

The new curve may then be res1duated with respect to any other 

suapected per1od1c1 ty that may haye been ertdent from the start 

or tnay have become apparent. and the process repeated until the 

~ Chrystal. "Investigation of SeiGhe1 or Loch Earn by the Scottish 
Loch Survey''~ Transo Roy. Soo. Edinb. 9 Vol. 45, _Ps.rt II. 1906i [104L 

PPo 382-387. Cf'. dee Shaw (1 0 00 ant• 'Po 39)g (32], Vol .. l, l'• 216. 
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final r eetdual curve is a etr•aight line 01• the main sine ... wave of 

the tid1J-eurve. 

'l'he essential process by wh1ch the rasiduation is carried 

out consists in dieplaainD the seichogram relative to itself by 

an amount equal t.o half the periodicity of the suspected compon­

-ent, and in constructing a new mean-curve between the displaced 

Ol"igina.ls. mithematically it can be shown that by so doing the 

component being considered is eliminated. ' By successive approx-

imations the periodicities of the component harmonies can be 

e~aotly determined. 

Figs. 102 (a) and (b) are typical of the residuation 

analyse~ made by the author and his staff. It was found con­

venient 1n nra.otice to transcribo the seichogram-eurve to be in­

v~sti~ted on to tracin~ cloth, and, attar the first res1duat1on 

had been performed, to pre-pare a further separate tracing or the 

residual curve. successive residuat1ons were then conducted al­

t0rnately from one sheet to the other, by superimposing, d1e­

pla.oing and tracing, as will be evident from the two sheets or 
F'ip:. 102. 

Table IV gives the results of analyses by Res1duat1on 

performed on selected se1chograms from Figs. 42 to 58, grouped 

according to the location or the recording station to which they 

refer. 

In the analysis work done at Cape Town residuat1on was 

only performBd to the first approximation, and for that reason 

some personal factor 1s 1nherent 1n the results quoted. It was 

round that two independent investigators did not always arrive 

at the same rffsult when analysing one particular record, although 

on the whole the d1tferencee were not or a serious ~ature. Sev­

eral test cases are reflected in Table IV, as shown by the brack­

ets. In most oases where d1sr,ar1t1es occur it will be round 
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Table IVs ~ppa:rent Periodioi~1•e of Range Oao9letione (fl"Oll:S Resi~uation). 
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that the mean of two period1c1t1ee 1n sequence. found by one 1n­

veet1gator and not by another, will agree with an intermediate 

periodicity found by the other. 

The repeated recurrence of certain per1odic1t1es in the 

res1duat1ons, undertaken on widely separated occas1ona, eeems, 

nevertheless, to prove the ir reality ,rtatistically, and to estab­

lish the general reliability ot the Res1duat1.on process: but or 
thle more will be said when we come to compare all the aeaembled 

data of f'1eld observations, model exper1mente and theoretical 

prognoses. 

90, nae sguth At1an~1c 1s an Qsc111at1ns atu1n, 
In Section 12 (po 37} and F15. 7 we drew attention to the 

fact that the submarine mid-Atlantic ridge, running almost -con­

centrically w1th the west coast or South Africa, together with 

the submarine spur, in effect, joining the west coast with the 

'l'r1etran da Cunha groap of islands, gave the ocean immediately 

west or Cape Town the configuration or a basin, the oscillating 

properties of which might have a bearing on our proble,m. 

It would appear from Fig. 7 that we could Justifiably con­

sider the ocean west of Cape Town both as a rectangular be.sin of 

length L = · 1700 miles, with parabolic bottom of maximum depth 

c{,::: 2700 fathoms. and as a triangular canal, (with the apex on 

the west coast or Africa at the Junction of the submarine spur 

with the ma.inland). of length L = 1000 m1les and uniform depth · 

d = 2250 ta. thoms • 

Any disturbance or the water mass of the ocean would very 

likely set up seiches in these huge bae1ne, in which caae the os­

c111ations could be expected to have periods aa given by equation 

(20), for 1'he la.rger rectangular basin, and equation (31) for 

the smaller triangular one. 

' 

' 
,_ 

' ( 
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For the d1mena1ons g1ven above;theae per1od1c1t1ee are 
computed to be: 

Rectansglar Basin: 

7: = .460, 265, 188, 1A5, 119, 100. 8?, 77, 68, 62, 57, 52, A8, 

~5, 43, •••• minutes 
l'r.tan gula r Eaa 1n i 
~= 350, 152~ 97, 71, 56, A6, 39, 34, 30, 27, •••• minutes. 
Colleetively, therefore , per1od1c1tiee in the following sequence 
m1Bht be found anywhere along the west coast of southern Africa: 
'l';" = t160, 350, 265, 188, 152, 1A5, 119, 100, 97, 87, 77, 71, 

68, 62, 57-56, 52, 48-46, 45-43p 39, 3~. 30-27, •••• 
minutes. _________ (34) 

These figures are at once arresting in view or their 
extraordinary congruency with the results or the harmonic analy­
sis given in Section 88, (p. 25A),and Fig. 111. To make the 

• comparison complete, we give below the main period1c1t1es as 
r~und by harmonic analysis tn the no. 19 seichogram or Fig .. 44

1 

(extracted trom Fig. 111), and the natural periods for the ocean-
10 oec1llat1ng basins, as computed from equations (20) and (31): 

. 
I Periods in 
I Se ichogrua 117 105 913-95 91-87 '79 '7?, 66 61, 57 si 4~ lfo. 19 (Figo-44) 

lfatural Per-
iochl of 119 100 97 87 .,., 71 68 6~ 57-56 52 4~-46 Ooeau Basins 

Periods in I Seicshofram 43 39 35 30-26 211Qo•o minutP-e. 'Ro., 19 Fig., 44) 

Jfa. tural Per-
ioda of 45.43 39 34 30-27 o • • • milll1tes. Ooean Ba.sins 
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The remarkably consistent agreements between these f1g­

ures surely transcends 13,ny possibility ot their being the result 

of mere random chance. It may reasonably be 1nf~rred that the 

. water mass or the South Atlantic ocean does in fact oscillate in 

the two submarine basins we have envisaged, with the fundamental 

periods of 46c and 350 minutes and all their· numerous higher 

harmonics. ~ere the per1odogra.m analysis or the se1che records 

for Table Bay extended sufficiently~ we ~ight expect to come 

upon evidence or the r,!ma1n1ng period1r.it1ee reflected 1n ('34) • 

(:p. 259)., Figo 111, a1; any rate. appears to accord with the 

theoretical requirement that the lower nodes of oso1llat1on 

become more widely separated 1n th~ per1odogram. 

The longer per1,>ds found by res1duat1on 1n other se1cho­

grama (Table IV) aleo f i t perfectly into the above pattern. We 

are led to see from th:ts how tho meteorological disturbances of' 

the South Atlantic, a.net eepec:inlly the powerful barometric os­

c1llat1ons, that we ha~e described in earlier chapters, can in­

fluence the whole water body of the ocean in its quasi-osc1llat-
,, 

1ng basins: how the higher harmonics of these ~st movements 

can t1nd response 1n pa.-rt1cular bays and 1rre@llar1t1es of the 

coastline 1n th& form of local se1ches of small, sometimes 

minute amplitude, perceptible only to a sena1t1ve recording 

instrument. ~re thus have an explanation toi• particular long 

period1c1tiea found in the se1ches of Table Bay. although there 

remains to examine why ~t ia that certain or these, aspeo1ally 

the periods or 62-51, 33-25, 21-18 minutes attain such prom1nen­

cy. It 1a not difficult to foresee that of 1ts own accord Table 

Bay must be •tuned' to these frequencies, and that 1t takes up 

the work of stimulating se1ches 1n its own oscillating area when 

the rapid c~nyergence of the series of oceanic selcbes, both in 

pertod and amplitude, causes a ~ad1ng out of the stimulus from 

farther afield. 

~ 'l'he implioationa of this finnint are that both odd •nd ••~n h~naonic, 
l°"• • \ I t, ~ • 

.. 
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21• The Natyral P§r1ode of Oscillation of Table Bfty. 

The analysis or the last chapter permits of our investi­

gating the possible modes of oscillation or the water-body 1n 

Table Bay rrom several different standpoi nts which approximate 

· to the conditions. 

~. 
1Ve may, for instance• regard the bay as approximating to 

an enclosed rectangular basin of paraboli c bed in the direction 

or its major axis. As such, equation (20), (p. 238), would ap­

ply, and the dimeneions would be L = 46~800 feet and 4,.::::: 90-95 

reet, according to the state of the tide (poel). 

~. We might also regard it as the half of an enclosed rectang­

ular basin with parabolic bed in the d1reetion or its breadth 

or minor axts. The second half of the basin in this case would 

be imaginary and we .should be restr1cted 0 in applying equation 

(20), to adopting only those modes of osoillat1on which gave a 

node at the centre of the 1mag!nary basin; that 11, at the west 

entrance• channel of the bay. In these oircumstancee the length 

or the basin would be L:::: 2 x 31,200 feet, and the depth 0:,= 
120-125 feet, while m would be limited to the odd Talues 1 0 3,5~ 

• • • • 

l.~· A third approx1mat1on would be to regard Table Bay as a 

broad. rectangular canal with a ~lane botton sloping down to 

1ts mouth. (the west channel), open to the sea. Th1s case is 

trea.ted 1.n equation (30}, (p. 245), and the appropriate d1.men-

a1ons Wt')U\d be · . L= 3:t,200 feet a.nd 't=l20-125 ft. 

:4.?.. • . If we con~1dl9r the bay so a. fully 9nc1-,s~ circular h.~s!n 

t'! parabo1o1da'.1.. ~d,-equation~ (2A) .aM app11cab19 ,nd th~ d~­

~11stons w!.11 ~ D= 39,000 . ft,. :ind ~=90-95 rt. The d?.amet~..­

h!\i:t her1t besn t~':r.8n ~B th~ 1"11ean ?t the !1JS Jor '-'1.nd. m1n'l!" a~~:, or 
th, ?my i, ~ettl)ellt1,re1y 46 ,, 800 an1 :,n~200 ft" 1n 1.en~h .. 

5!:. '111'~ a~,,urately, Table Bay may be regarded as the full 
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half, about a diameter 1n the west channel, of an enclosed cir­

cular basin or paraboloidal bed, the other half or which 1s ima­

ginary. Equations (24) apply again, in which the diameter will 

now be D= 49,500 f't., (the curvature of the H11nerton-Blaa.uwberg 

Strand coastline) and the maximum depth 4,= 120-125 feete As in 

case 2°, we shall be obli~d 1n this instance to consider only the 

odd modes or oscillation such as will y1eld nodes in the entrance . 

channel. 

§~. Next, we may assume 'ra.ble Bay to approximate to a fully en"" 

closed elliptical basin or uniform depth, the dimensions of which 

are L= 46,800 and 8: 31,200 ft .. , making %., exactly 2/3, while 

d = 70-75 rt. on the average, according to the tide condition. 

Only one mode, the tundamental, can be calculated for these cir­

cumstances from equation (21). 

!!· !!ore appropriate to the bottom shape or Table Bay 1s equation 

(28) which applies to an enclosed elliptic basin of ellipsoidal 

bed for the particular dimensional ratio o/L_ = 2/3. As for 60 
' 

L = 46,800 ft., while "= 90-95 rt. 
~. Yet another a.pprox1mat1on to the conditions may be made by 

treating Table Bay as a reotansular canal of uniform depth, closed 

at one end and open to the sea at the other. Taking the bay in 

the direction or its length with the mouth of the supposed canal 

at the north entrance-channel, we have L= 46,800 ft. and d= 61 ... 

66 ft. on the average, allowing for tidal variations, and the suce 

ceas1ve modes or oscillat1on will then be given by equation (29). 

~· Finally, the bay may be treated 1n the same way as for ao 
but in the d1rection of its breadth, the mouth or the hypothetical 

canal now lying 1n the west entrance-channel. Equation (29) 

will apply again with the dimensions 1n this ease L= 31.000 ft. 

and d = 81-86 ft. 

The results or feeding these data to the respectiTe 
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Table VIa !fatural Periods of Seichea iu Table Bay from Approdm4.te Hytiro(lyxt.amioa l Theo7. 

Caae 
lfo. 

lo 

20 

30 

"o 

50 

80 

\"o 

80 

9• 

Analo1rv 1!:quation SV11bol Vdu,,a State o,nape of' '!)'Ee or AlC1&1 lo. L or d or m or ot Basin Bed DifllOtbl Applicable D do • Ti1'e 

Enolo1ed * Length 90 Low Reotan~lar Parabolic of' 20 46800 ,2,3, •• 
. 

Ba1 95 High 

Halt ot Breadth 120 Low Enoloaed Parabolio o.t 20 62400 L,3gfi,.,. Btotangular Ba7 125 High 

Open lnolined Breadth 120 Low Rectangular Plane ot 30 31200 
Ba1 125 High 

!noloeed h.rabol- 90 Low O 1 ro~lar oidal 24 39000 
95 High 

Halt ot Parabol- Breadth 120 Low Encloaed oidal ot 2<& ,s500 
Circub.r B&J 125 High 

lmoloaed Lnel Length 70 Low Elliptio Plana ot 21 46800 

I Ba7 '15 High 

Bnclosod Ellipa- Length 90 Low Elliptic oid&l ot 28 66800 
Bay 95 High 

Open LeTel Length 81 Low Rect&n~le.r Plane or 29 '66800 l o:5,fi,, "o Bay 88 High 
. = 

Open l.Avel isreadth ei 

' 
Low Rectangular Plane ot 29 31200 l 0 3p5poo: Bay 86 j I B1~h 

I ! ! 

* On the basis that the bed 1a part or a 1uartia curve it oan be 
shown that the periodioitiea~ baaed on eouationa (22~ and (2:5) 
and observational values or 'C, iuid '?"'2,. ( reaveotiv111ly 29 and 19 
minutes~ ofo Table IV) 0 are almost identical with thie Case; 
eO~Q; 29, 19, 13061) 10051) 8051) 7011) 6011) 5e4p 4061) 4031) 0000 
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Calculated Period, of' la.tu:.ral Modea or Oaoil111tion (Minute,). 
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equations 1n the 9 oases are presented in Table v,: , (-p _ •· 263) . 
In Table VI the calculation or periodicities from the 

various equations has been continued until the1r convergence and 
high harmon1city 1nd1cate that extensions of the series would 
have no :f'urther reliab111t.y or meaning. Much the same grouping 
baa been resorted to as was adopted in Table IV~ with which we 
now 1n"V1te comparison. 

While it must be remembered that the per1odicit1ea re­
corded 1n Table IV pertain more particularly to seiches in the 
harbour area where the effects of the breakwater and the docks 
vitally influence the -higher trequenc1ee, there are nevertheless , 
in spite of this, many striking resemblances between the observed 
and calculated periods. Nearly all the obsened per1od1c1ties 
1n the lower modes ·found at different times in Table IV can now 
be explained on the basis that the water in .the bay was osc1llat-
1ng (ror short 1nter,,ala only perhaps), in one or other of the 
analogies set forth in Table VI (ct. p.1'59). It seems., in fact, 
proba.ble that the true oscillations of the bay are Tery much a 
composite of e.11 ihe nine cases we ·nave envisaged. 

One ot'" the most astonishing things is that. when the bay 
1s considered to pe~form according to the analogies l? to 9°, so 
ru~ny :,f t!'ls .. ,at,ural f1·aqua1,ciaa t\:n• tll6 dlf'fer·..,r1·1'. c:a~n~o ~oe~1'G 
·,1·1t~~ ae.~h o·~ba:r·. 1I1tiU&, a:a 03tw~$r1 ·t'tia natural periods or 1°, ~o 

and 7°, there are no very serious d1trerenees except that certain 
modes of oscillation are entirely absent 1n particular instances. 
Nearly all the other cases also rall 1nto line by reinforcing each 
other 1n certain frequencies. The particular per1od1c1t1es most 
uniformly represented are in the categories 32-26, 16-12, 11-10, 
5.8-5.3 minutes, and these are some of those most commonly found 
in the marigrams and s _eichograms tor the harbour (Table IVJ_. 
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Se1ches of 17-23, 51-55, 57-66 minutes are, however, also 
of considerable prominence in the records for Table Bay, and 
while the f1ret of these three ranges is covered by Cases 17 7° 
and go, the-.s8cond and t hird are very inadequately represented 

by a0 alone. The persistence of 17-23 minute eeiehes in Table 

Bay suggests, 1n the 11~ht of Cases 1°, i' and. 8°, that these 

osc1llat1ons are binodal ones 1n the longitudinal direction, 
along the long ax1s of the bay. To a large extent, therefore, 
the bay must function as a closed basin. The absence or the 
other ranges, 51-55 and 57-66 minutes, in the natural periods 
tor the bay, as given by Table VI, on the other band, does not 
necesaar11y mean that the results are invalidated, for, as we 
have seen, these particular low frequencies are forced osc1lla­
t1ons from the wider oceanic bastns outside the bay. There must, 
nevertheless, be some features of Table Bay wh1ch permit of a 
degree or resonance at these rrequenc1ee and the implications of 
th1s must therefore be subjected to the more exacting scrutiny of 
the ~raph1cal methods referred to 1n Section 87 (p. 251). 

92. Fungamental osc111at12ns ror_!abl!t.BaI from qraph1cal Ana11111. 
From Equation (18) (p. 237) we noted that the fundamental 

oscillation for a closed basin was equivalent to a standing wave 
or wave~length twice the l ength or the basin: 1n contrast, equa­
tion (29), ~1v1ng the fundamental mode tor an open basin { S = 1), 
1nd1cates that the equival ent standing wave has a. wave-length 
four times the length of t he bas in. If, therefore, 1 t takes a 
ground-swell t ·minutes to travel from the entrance channel or the 
bay to the opposite shore where it 1s reflected, the period of 
wave which will produce, w1th its reflection, a standing wave 
having a node in the entrance-channel, w111 be ~ = +t , and 
suob a ground-ewell will produce the tundarnental ee1che tor the 
bay. 
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From Fig. 109 we see that an incoming westerly ground~ 

swell reaches the west-channel of Table Bay at t :r:: 4} to 5 

minutes after it left its position at zero time. It reaches 

the M1lnerton-Blaauwberg coast at t = 15 minutes. The funda­

mental se1che for the bay v1a the west-channel will thereiore be 

"t""= A(l5-4·J) or Al minutes, whieh ts exactly th<> rvaul·t r5iven 

by Case 9° in Table 'VI. 

The same westerly gro1xnd-ewell ~ro&a&a th11 thI'1!.3h-.>ld ot 

the north-channel of the ·oay {r,~1g. 110) at t= t:-i, mir:v.te2 and 

finally reaches the fart'heet extr-e·mtty or Uie ·t,ay &t the l"·o;;t 

of the Eastern Mole at t = 26 minutes. The pGr1:;d of the fur!d&­

mental seicbe via the north.channel will ther-afore be 'Z".=4(26°8l) 

or 70 minutes, wh1ch age.in agreeu ttxsetly with tho theo~'etic-al 

prediction or Case 8° (~able VI). Considering the fact that the 

wave-propagations traced graphically 1n F1~. 109 at\d 110 are re­

ferred to LWOST, the success or the approximate theory in Cases 

8° and 9° is quite remarkable. 

The pos1t1on, however. wtll be ditferent when the ground­

swell approaches the bay fro~ the south-west direction, tor then 

the tendency will be ror the node ot the fundamental oscillation 

to form outside the west-channel or the bay, more or less at 

right angles to the promontory of land between Sea Point and 

Green Po1nt. (Fig. 102). From this position, Fig. 108 shows, 

it takes a ground-swell from 12! to 1~* minutes to reach the op­

posite coast at Blaauwberg strand, so · that the fundamental period 

of oscillation in these c1rcumetancee will be from 50 to 58 min­

uteft at low tide. 

we may notice from F1g. 7 that the longitudinal axis or 

the reetangular.;shaped South Atlantic baa in lies along a direc­

tion eliflhtly south or south-west while that of the tr11angular-



basin is slightly west of S')Uth, so that any forced· oscH .. lations) 

1mpresaed upon 'flable Bay , a.rising from t he free osc11lat1ons of 

the outer ocean, have the correct direction to correspond w1th a 

critical mode of osc1llat 1on such aa envisaged above. In fact 

the general d1re~t1on 1s so nearly parallel to the pa.rt or the 

Cape Peninsula bet.ween rouille Point and the Karbonkelberg, that 

even lower modes o.r oscillation are possible, the nodes of which 

could lie anywhere between these points. ne could on this basis 

probably explain th~ resonance of ae1ches 1n the frequency band 

from say, 8o to AO minutes, all promoted by oceanic osc1llat1ons. 

In the range 01· per1od1c1t1es between 78 and 66 minutes, 

however, Table Bay w111 respond naturally by developing a funda­

mental se1che via the north-channel, on account or the varying 

time taken, (from 16} ·to 19l m1nutee), for ground-swells to . 
reach the head ot the bay from the wide threshold of that 

channel. 

But it need not be supposed that the prominent per1od1c-

1t1es or 62, 57, and 51 m1nutes encountered 1n Table Bay are 

necessarily always dependent upon the osc1llat1ona or the ocean 

as a whole, for, as we have seen, they are to a lar({e extent 

forced by the overhead barometric oec1llations whose per1od1cit1s 

otten happen to accord closely w1th these particular nlues (ct. 

pp. 144, 203). The d1rect1on ot approach or the overhead dis­

turbances, moreover, would affect the issue, and if north-west 

were the prevailing d1reet1on, as 1s usually found, Fig. 105 

ahows that a node ott tbe southern point of Robben Island, paral­

lel to the .coast at the last point of arr1'1'21 or the forced 

ground-swell 1n the bay via the west-channel. would accord w1th 

a periodicity ot about 58 m1nutea. With a wide range of lati­

tude here and allowances tor t1de-he1ght, it is easy to see how 

oscillations of 62, 57 and 51 minutes could arise, essentially 

dependent upon the direction of approach. 
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23, Tbt Shape ang Form Qt Se1cbes 1n Tabltt Bay, 

We may extend the exploration ot se1chee by graphtcal 

means to the h1¢.ler modes of oscillation by the a1mple expedient 

or following the progress 1nto the bay, and out 8f:9'1n, atter re­

flection, of a wave or any desired pel"1od1c1ty. 

In Fig. 113t (which 1s a var1ent or Fig. 109), tor ex­

ample, a ground-swell or 22 minutes per1odic1ty, entering the 

bay throu~h the west-channel, 1a assumed to have Just reached 

the shore, where, with its reflection from the ?.'I1lnerton shore, . 

it forms the ant1node or a standing waye. To find the nodes and 

yentral loops or this standing waYe, we have merely to add to­

.e:ether the component incoming waye and 1ts retlect1on. 

W1th t,he cres'- or th8 incoming waye at the shore at t= 15 

minutes, its succeeding trough, which tra1la 1t bJ 11 minutes, 

must be at the frontal line tor 'C= 4 minutes. The antecedent 

trough ot the reflected wave, on the other hand, preoedtng the 

crest. by ll minutes~ 1llll&t simultaneously be at t = 26 mtnutes 

on the dash-dot frontal line ot the reflections (Ftg. 113). 

These trough lines at t = 4 and t= 26 happen to lie Tery close 

to{!ether in F1g. 113, and the true trough of the standing wave 

can Yery simply be loeat~d by drawing a mean line between the 

two trontA: Bs shown. 

In between the crest and the trough or the incoming, and 

of the out8()1n~\t waye the nodes w111 be round at 't= 9} and 

i::: 2oJ, minutes. 'l'be node ot the standing wave, therefore, 

will 11e midway betwe,en the frontal lines for these t1mes, and 

w111 in tact intersect 1nc1dent and reflee~~d waTe-fronts wher­

e~r their time ditreren~e 1s 11 minutes or halt of the wave 

~eriod. The node or the atand1ng wave, as located in th1s way, 

1s nhown 1n F1~. 113. 

The aame pr1nc1ple anpliea in locating any particular 
-

-
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h6igbt contour of the resultant standing wave, on the assumption 

that the amplitudes or the incoming and reflected waves are equal . 

For instance, if we drew a line intersecting the full and dash­

dot frontal lines wherever the time difference was 9 minutes, as 

shoffll by the dash line to the east of, and paraliel w1th, the 

node in Fig. 113, we ehoulo arrive at a contour on the rising 

sine curve of the standing wave at a time distance from the node 

or 1 minute or 1/22 x 3600. Alternately, if we wished spec1f1o­

ally to find the 45° contour between the node and the crest, that 

1s,2! minutes removed from either node or ant1node of the stand-
·-

ing wave, we should have to look for incident and reflected fronts 

whose t1me difference was exactly si minutes or one quarter or 
the period. By this means the seneral features of a standing 

waTe system can rapidly be inserted on such a ob.art as Figs. 109 

or 110. 

Near the harbour, as we pointed out 1n Section 87, (p. 

252), there are in generB,l six systems of standing waves ar1s1ng 

from waves entering Table Bay via its two channels. It will be 

1nstruct1ve to examine how these systems react on each other in 

the particular ease say of an 11 minutes se1che, which is such 

a pere1stent feature of marigrams and seichograms tor the har­

bour. 

'l'he purple set or contours of Figa 114 represents the 

standing wave set up by an ll-m1nute incident wave trom the 

west~channel and 1ts reflection off the Paarden Eiland shore, 

similar. in ~neral charaeteristics to the 22 ... m.inute standing­

wave we haye Just coneldered. Whereas the node or the latter 

ran parallel to the shore from the end of the breakwater (Fig. 

113), the node of the 11-minute standing wave runa parallel to 

the coast fron the middle distance between the breakwater and 

the shore. 't'he ant1node$ opposing that at the shore, now lies 

1n line w1th the breakwater. A further node and antinode, to 
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seaward of the harbour, are also shown in Fig. 114. The aont~urs 

div1de the standing-wave into }-minute intervals, and their 

height-values 1n relatio·n to an assumed amplitude or untt;v at 

the antinodee are indicated by annexed figures. 

In the same way the red contours represent the standing 

wave formed by the 11-miflute incident wave and its reflection 

off the harbour walls. 1'hree nodes are 1nvol ved in this case~ 

the outer one of wh1oh need not concern us, as it derives from 

the reflections on the seaward side of the breakwater and is 

outside the area of particular interest. 

The reflected wavaa from the Paarden Eiland shore and 

i'rom the harbour walls pass through each other to form the third 

standing wave system, shown in green in Fig. 114, again with two 

nodes crossing each other almost at right angles. 

The three p1~1ncipal standing-wave systems evolved from 

F1g. 110 for lr1c1dent waves entering the bay via the north-chan­

nel are illustrated by C(>rresponding colours 1n Fig. 115. 

Each group of throe standing waves (Figs. llA and 115) 

f'orms a seiche. 't'he standing waves are aynohronous and form oo-

1nc1dental antinodes at the root of the Eastern Mole. Their re­

sultant se1che is therefore simply found by adding them t~gether. 

~e should note here that by taking the three standing-waves to­

~ther, we are really adding the incident and reflected waves 

twice over, and therefore to get the effect of the incident and 

two ref'lected waves once only, we should halve our summations. 

we avoid this necessity however by regarding the amplitude of 

each of the three standing waves as unity. This in effect has 

already performed the halving, because, if the incident and re­

flected waves are all considered to baye unit amplitude from the 

start, the amplitude of each standing wave should really be 2, 

( cf .p.235) .. 
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The summations have been performed 1n F1g. 116. The west­

channel and north-channel se1ches are ser,arately g1v~n 1n red and 

~reen, and the maximum amplitude or eaeh , at their anti-nodes 

at the root or the Ra.stern Hole, is 3. These two se1ches are 

co-existent~ but not necessarily 1n phase, since the phase will 

depend on the relative t ~mes at wblch the 1nc1dent waves, via 

the two channels. reach t,he root of the Eastern I.~ole. Here i t 

1s necessary to digress s omewhat 1n order to consider th1e ques­

tion or phases. 

The relative timea of arr1Tal at the root or the Eastern 

Mole of west-channel and north-channel waves, for different 1n1t-

1al d1reet1ons of approach or swell 1n the ,outer ocean, are re­

corded below 1n Table VI J : 

Table VII: Phaae Differences between VV'est and llorth Channel Seiohes. 

Time of' J.rriw.1 of' Wave Crast PbPtse 
Swell at Root of Eastern Mole. (Mins). T)if'f,., renee 

Direction. ( Mins). 

«est Channel North Channel 
.. _____ 

liorth-!West 19 
, 

2~4 3!· 
West 15 ~6 9 

----------- --------
South-west 13! .. 01 -., z 17 

These flguree were der1ved from the graphi ca l work described in . 

Section 86 (p. 2A9) and are probably fairly accurate. It ia 

clear then that the phase difrerence can be anything from 3 to 

17 minutes according to the possible d i rections ot approach or 
swell converging on Table Bay. For any per1od1e1ty up to 17 

minutes there must therefore be at least one swell d1rect1on 
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wh1ch will make the phasead1tterenoe a complete mult1ple or the 

per1od1c1ty, in which case perfect synchronism of the west and 

north-channel cnmponent seiches is possible. 

In the particular case of 11-m1nute waves entering the 

bay it will be obvious from Table VII that when their direction 

of approach is slightly south of west, the nor th and west-channel 

eeiohes will be completely additive. and the final resultant 

eeiohe will t herefore take the form of the purple system or con­

tours 1n F1~. 116, givin ~ an amplitude at the antinodes 6 times 

that of the waves entering the bay. 

Although this result must be accepted with some reserve 

because wave-heights are influenced by the depth of water over 

shoaling ground, nevertheless 1t serves to illustrate the general 

mechanism or aeiches and the manner in which they become exagger­

ated 1n amplitude. 

or particular s1~1t1canee 1s the tact that the resultant 

11 minute eeiche 1s found to be almost the exact un1nodal seiche 

for the quas1-oscillat1ng basin between tbe breakwater and the 

shore. If th1s circumstance had been tully taken into account, 

by recording reflections of reflections, we should ha..-e arr1Ted 

at a resultant se1che or st111 greater amplitude. we have, any­

way, a very satisfying pi cture of the mysterious phenomenon 

which so persistently affects the Alfred and Victoria Basins. 

It aceords, moreover, w1t h the se1ohograr1 findings discussed 1n 

Section 48 (pp. lA0-141) , where 1t was shown that there was def1~ 

n1te evidence of an 11-minute uninodal selche between breakwater 

and shore; outside the harbour. 
• Although, ror the purposes of demonstrating the const1tu-

t1on or se1ohes near the harbour, we have set out in full almost 

purely graph1eal methoda of arr1T1ng at the se1che resultant, we 

could more directly have added the wave-heights of the 1nc1dent 

and reflected swells at selected points on the ret1culat1on or 



co-ordinate system or Fi~s. 109 and 110, to give the same result. 

Numerous similar graphical analyses of se1ehes were under­

taken by the author and his staff at Cape ~own, particularly of 

such periodicities as 5! .. 4i, 3-\, -2~, 2~ minutes. The volumi­

nous nature of this work precludes 1ts presentation here, but 

the nature of the ee1ohes is 1n all cases similar to the example 

we have ta.ken. ~'1th the higher frequencies, of course, there 

are more nodal 11nee taking otr at right angles from the Eastern 

Hole, and these tend to curve round on each other after the fash-

1on or the 2l minute se1che whose approximate cont1gurat1on 1s 

11lustrated in F1g. 117. As might be expected• a 5! minute 

se1che 1s exactly binodal for the breakwater-shore oso1llat1ng 

system: and many or tbe other per1od1e1t1es discoTered 1n Table 

IV may ·be reco~1sed as h1ghe!' harmonics of the ll-m1nute funda­

mental ae1che in this oorn,r or the bay. 

94, · stlohssa iu t1l2J.n aax tro:m J.!odel :rexpsu:1m,u1t1, 
~e propose now to antlcip&te the desor1pt1on or the model 

reaearobes by gtnng here some experimental reaul ts which a re 

pertinent to the present topio. 

F1ga. 118, 119 and 120 all show the general lay-out of 

the model harbour and bay as conatrt1cted in the Range Laboratory 

at Cape Town. 'l'he orientatton w111 be clear from a compar1eon 

or these dia~rams with, say, Fig. 109. 

the sea-bed 1n the model is correct y moulded to the 

shape of the oontours over the contoured area of F1,;a. 118 to 

120. Paddles A. B, c, D and E, F, G, in the looat1ona shown, 

simulate the effects of swells entering the bay vta the west and 

north channels. The paddle wells or bays permit of the slewing 

or the paddles to an extent sufficient to cater for south-west, 

west and north-west swell direct tons in the outer ocean. F1gs. 
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118 to 120 show specifically the degree to which the waves act­

ually propagated by the wave paddles, as round by experiment ( to 

be later described}, a~ree with the graphically integrated wa•e­

rronts tor westerly swell s (F1F• 118) and south-westerly swells 

(Fig. 119) throu~h the west channel, and tor all swells (F1g. 

120) through the north channel. 

On the whole, it will be seen that the wave-paddles suc­

ceed in producing the expected directional approach of swells 

to th~ head or the bay. The agreement, in fact, is most satis­

factory for the southern half of the model bay, except Just 

where the waves curl round the breakwater. Here the graphical 

1nter-rat1on obviously tai ls to interpret wave-curvature correctly3 

the true waves be1nr_,: markedly retarded 1n their expansion round 

an obstacle. The uncoye r 1ng of the reasons for this would pro­

vide a profitable theme for research: needless to say, the 

author had not the tlme or opportunity tor going into this mat­

ter, but assumed that the model waves would 1n any case follow 

the true course or ·the prototype swells 1n the bay. 

It ls as well to note from this that the graphical analy­

sis or se1chee, aa described 1n the last section, wlll be attect­

ed to some extent by the failure of the graphical process to 

represent the true ref'raet1on of waves round sharp corners, such 

as the end of the breakwater. The general results presented in 

the last section will not be 1n'Talidated, however, for they will 

still approximate to the true cond1t1ons, and they w111 haye 

serTed ths1r purpose 1n demonstrating the mechanism ot the action 

tak1ng place. 

The important polnt to which we would draw attention at 

the moment is that the model bay 1s capable of retracting waves, 

as generated by the paddles, 1n much the eame way ae swells are 

retracted 1n the real bay . 

It was reasoned, then, that, it the ent1re body or water 



1n the model bay were set 1n c~mmot1on by some means, the re­

sultin~ osc11lat1ons measured at the bead of the bay ahould be 

1nd1cat1ve of the natural modes of oac1llat1on of the p?".ltotype 

bay. To teet th1s out the wave-paddles were stopped and the 

water 1n the model allowed to become entirely placid bef~re 

slewing one paddle 1n its well trom one limiting poe1t1on to 

the other. -mien this was done aa rap1dly as possible against 

the considerable resistance of the water, 1t was round th$t 

strong selobee developed over the entire bay, but part1cular1J 

1n the harbour area, both 1ns1de and outside the basins. F1g. 

121 1a a typical Kymatograph model-recording or these se1ohes, 

at the root or the Eastern Mole outa1de the harbour, and in the 

Alfred Basin, tor both clockwtse and ant1-clockw1ae rotation of 

the weet paddle. F1g. 118 depicts the boundary conditions fol­

lcnr1ng upon clockw1se rotation ot the west paddle, and Ftg. 119 

the somewhat d1tterent boundary oond1t1ons arter ant1-olockw1se 

rotation ot the a~me paddle. 

Analysis of the kymatograms (model wave-records), by 

Ree1duat1on. revealed the existence ot the per1od1o1ttea glYen 

below 1n Table VIII (converted to the natural time-soale): 

Table VIII: Apparent Natural Peri~~ of Table Bay trom Model F.lxperilun.ts. 

- - - -
Paddle Rotation !pparent Periodicities (Minutes) 

! 

"Yest Clookwla• 
1 

63 20i 1607 lt.O 7 .al 6.3 5.7 4.7 -f .....,, - -= 

:Jest Antia IV 58 ! _ 31 23.1 14.4 11.5 7.6 5.3 5.0 3.6 _.,. -
Worth Clockwise 39. 29 19.3 12.0 11. 2 5.6 4.7 i.o - - -- -- -· 
JJotth Anti .. " 38 21.6 11.6 7.2 a.o 5.7 - - - - - - __, 
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we nannot but be et.NCk by the fact the.t thf!t abo,re !l~rtode 

accom cl<'..'sely ,,1th tho~e ref.1.gct~d 1n oo.t,h T~ble~ IV and. vr 
(pp. 257, 263), and thia o1rcumatanoe affords a means of enqui r-

ing further into the nature of the oee111at1ona of Table Bay . 

The 1dent1ticat1on or 53 and 58 minute osc1llat1ons in 

the west-paddle rotation-tests is of oons1dera.ble intereet in 

the light of the· d1acussions on p. 266. With clockwise rotation, 
the ult1mate paddle position shown 1n F1g. 118 must be assumed to 

have co1nc1ded with the node or the 53-m1nute ee1che, the flux 
across the node being taken up by the water in tbe well behind 

the paddle. In much the same way the 58-m1nute ~eiche arising 

from ant1~clockwise rotation ot the west paddle, would be the 

fundamental osc11lation for the bay with the node in line with 
the west paddle, 1n 1te ultimate position shown 1n Fig.- 119. 

In the north-paddle rotation tests, the west paddle was 

aet parallel to the edge of the moulded sea-bed in 1ts central 
) 

position of symmetry, and the 38/39 minute oeo1llat1ons recorded 
were probably ass-:>c1ated w1tb a node along a line directly be­

tween Mou11le Po1nt and Robben Island, as envisaged in cases 
2°, ,~ and 9° (Table VI). For the rest, the per1od1cit1es con­

rorm well to the calculated pertods for case 10 in Table VI, tb~ 

29-minute seiohe obviously being the uninods.l OR,.,illatlon in th~ 

1on@itud1nal ntrectton. 

mod.eR or _oge111at1on or Table Bay, and the general congruency of 
results &6 b1ttween the Tablea !Vi vr and vn:r, ~~pet:Jtt~ly f'Qr 

gra.t1ty1ns .. 

'!'he pad~le-rotation experiments were always Tery fasc1-

nattng tc wait.oh" fc,r. t,b.ey a:tm.ulA.tP.d vr:,r.y clo"~='-r thi? -z~nd!.t,.Qne 



tMt preva1 l 1.n Table Bay du:r1 l>f! ~oeu,:orencfl!::s -,r lons-~-n·\?d 
ee1cbea. The eurglng through the harbour basin-entrances, des-

ert bed 1n Section 50, (p. 1,46), 1a ta1thtully reproduced on a 

model aoale, and, onoe induced, oonttnuea tor long pertoc!e before 

dytng away, much aa tt doea 1n nature. 
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CHAPTER XIII ....... --

,iThere is a path that leads to truth so surely, that anyone who 
will follow it '!I\Uet nGeds reach the goal whether hie capacity be 
great or small. And thare ia one guiding rule by which a man may 
always fi~d this path, and ksep himself from strayin~ when he has 
found it. Thia golden rule ie ___ give unoualified assent to no 
propositions but those the truth of whioh is so cla~r and distinct 
that they oann.ot be doubt1,d''. 

Thomas Huxley 9 

'On nesoartes Oiaoourse 
o~ M8thod'. (1870). 

95, 'n!t Breaqater-§bo~ Q1a111atins system. 
It 1s patent rrom the oons1derat1ons or the last chapter 

that Table Bay bas a natural mode of oecillation ot per1od1c1ty 

yery close to 11 minutes. In terms or Case 10, (p. 261) 1t could 

be cloeely linked w1th a quadr1nodal se1che 1n the long1tud1nal 

. d1reot1on of the bay, or 1n terms or cases 4° and 5°, with an os-

c1llat1on about a nodal diameter and a nodal circle. The condit­

ion 1s probably best represented by Cases 5° and 7°, but part1c-

u1.arly 5°, where the node,1 diameter might be considered to lie 

between rtouille Point and Robben Island, and the nodal circle or 

semi-circle to run paraltel to the ooast, or concentric with 1t, 

and intersect the Ea.stern Mole at right-angles. along the 11.nee 

of the standing-wave system shown 1n purple in Fig. 114. ~1th 

the compl1eat1ons, of course, of the open channel to the north of 

the bay, the true ll-m1nute seiche loses much of this elementary 

conf1gurat1on and assumes the curved node of the resultant shown 

1n Fig. 116. The important point, howeTer, is that an 11-minute 

ee1che 1s resonant for Table Bay, and would be, eTen in th$ ab­

sence of the breakwater and the harbour ~. 

0 Thia is largely conf'imed by the fact that the !l'rakatoa-sea Wft.V91 in 1883 .\ 
g~ve rite to proainent 62 and 10 ... 11 minute 0101llation1 in the harbour of 
that day (see Fig. 2, 1877, and p. 98 ante). 

-

. 

.. 
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It 1s a singularly unfortunate faot, there-
\ 

fore, that the breakwater should have been s o located in the 

scheme of things ae to eoddle this particular natural frequency 

by apeeially creating for it between the breakwater and the shore 

a fut")ther oaeillat1ng b~sin where it can resonat,e and reproduce 

its own tam11y of dspendent frequencies. It 1s for this reason 

that we are prepared to uphold the views of Rob"' and others (cf'. 

p. 14) that Coode made a aupreme mistake 1n selecting the pre­

sent s1Ge for the breakwater. Had it been placed at rnouille 

Point where the nodes of tha fundamental oscillations for the 

bay are s1tua.ted in any case~ there would not, have bei,n this 

danger of' stimulating the b1ghttr-f'requem,, ~aichea w1th t,he1r 

attendant Range ... t:roublee. This is not to a#ly that Renge 0 aotion 

could thereby have been entirely avoided, but it would haye been 

very much more subdued than it now is. 

It 1e axiomatic that a harbour should preferably be lo­

cated at the entrance to a bay rather than at the head of the 

bay for the avoidance or high-frequency oscillations and serious 

~anse-ofteots. The reason for this lies 1n the fact that the 

nodal and anti.nodal lines for the higher ... barmonic natural ... fre= 

quencies of a bay tend to concentrate ever closer together as 

the head ot t·ne bay is approached, a.nd it becomes almost '.lm­

posaible to avoid placing a sea-wall or harbour construction­

work that doee not foster one or other of these higher frequenc ... 

iee . .At the mouth of the bay, on the other hand, the nodal lines 

are far apart and even if the harbour should fall foul ot a 

node or antinode, the 'long pariod1c1t1ee ot the lower modes of 

oscillation and their snaller amplitudes 1n deeper water would 

leaTe it relatively tree of 111 etfects. 

!n the case of Cape Town. not only does the breakwater 

provide a further osc1llat1ng basin ror the 10 or 11 minute 
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seiche, but also tor the 20-22 and 5J.,,m1nute ones, which, ao.,, 

cording to the evidence of Tables IV, VI, and VIII, are, on 

their own account important natural periods for tho bowl of the 

bay. Nor is this all, for the 9.5 and ~-7-minute eeiches, &a 

well as the 13.0 and 6.5-m1nute ones (cf. Table VI), find in 

the breakwaterashore -osc1llating system a receptacle 1n which 

they can attain near-resonance. 

Once an oscillating basin has been created it can be ex­

pected to respond to its own particular natural frequencies, 

whose periodicities will not be far removed from an harmonic 

series, where, as at Cape Town, the depth of water is sensibly 

the same or reduces only slowly towards the shore. In the know­

ledge then that the :fundamental oscillation tor the breakwater­

shore quasi-basin 1s 11 minutes, we could expect the harmonics 

in the aeries: 1,l,1/3,f, •••• to be 5.5, 3.7, 2.8, 2.2, 1.8, 

1.571 1.38, 1~22, 1.10, 1.00, 0.92, •••• Similarly, the higher 

harmonics tor the 13/6.5-minute and 9.5/4.7-minute combinations 

of fo_rced se1chee would yield their own harmonic trains to add 

to,or re1nforce,the possible modes ot oscillation of the water­

mass in the harbour area. 

The 20-22 minute seiche, which, as we noted in ·section 

92 (p. 268) and F1g. 113, tends to have a node in itne with tbs 

breakwater, may be likened to the fundamental seiehe tor an o­

pen basin with the node at the mouth. It will therefore tend 

to beget, higher harmonic, in the odd modes only, with one node 

_always lying in line with tbe breakwater. In th1e way we ahoula 

expl!ct per1od1ci tiea 1n the ser1ee: 1,- 1/3, 1/5, 1/7, •••• , 

namely, 7.3, A•5, :,.1 1 2.4, 2.0, 1.69, 1.47, 1.30, 1.16, l.OA, 

0.96, •••• 

The oo-ex1atence or these eeV&ral seicbee tor Table BaJ 

and their developed tam111es should then produce, upon coal­

esoence, the average per1od1o1t1ea shown at the toot ot Table 
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IX, in the immediate v1c1nlty ot the harbour.-

Table IX, llatural and ll'oJ"C)ed Period• of Oacillation for the Breakwater-
Shore Qiaal-Basln. . . . ·. . . . . .. -

-·- -
Forcd. Bigbe-r,c Ha)'fflOniO I (Minutea). 
Oacil. 

: -· -· ! 
3.1 1.69 lot? 1.30 1.18 1.04 0.96 . 22 7.3 4.15 2o4' 2 .. 0 - - -

lS 6.5 ,.s 3.2 2.6: 2.2 l.86 l.6S 1.44 1.30 1.18 1 .. 08 1.00, 0.9S· - - · .•. 

11 5.5 3~? 2 • ., 2.2 1.as 1.57 1.38 1.22, 1.10 1.00 0.92 - - - -.. 
9.6 4.1 :s.2 2.3 1.90 1.58 1.36 1.19. 1.05 0.95 - - - - -
All 7.S 6.5 5.5 4.5 3.-4 2.6 2.2 1.86 1 0 61 1.45 1.35 1.19 1.07 0.96 

--

The mean per1od1c1t1es tabulated in the last row of 

Table IX have been derived by weighting twice 1n favour or the 

11-minute se1che, to make some allowance for its more perfect 

resonance 1n the breakwater-shore quas1-baa1n. 

These figures, which are capable of some fluctuation 

up or down. may now be compared with the apparent period1c1t1ee 

identified by resid~ation ot the seichograms ror the harbour 

area. The agreement 1s eo good, that again we cannot ascribe 1t 

to mere chance; but before we draw any final conclue1on on this 

matter we may profitably reter again to the results of the 

model experiments for ver1f1cat1on, or otherwise. 

96. Periodograms :ror tbt External §arbour-Area t:rnm r.~ogel TeatL 

In the process of determining the best adJuatmenta for 

the wave-paddle machinery or the model,during which the paddles 

were ·operated at various speeds or periodicities and their ec­
centric radii or strokes varied 1n an approximately uniform 

tash1on, it was discovered that the amplitudes of the resulting 

oscillations in the harbour-area varied in a manner which could 

not be attributed merely · to the paddle adjustments (Fig.' 122). 



282. 
<' 

Eventually 1t d&fflled upon the author that the model was re­

sponding to 1ts natural t"requenclea. From this the idea wae 

oonce1-.ed of making the model trace its own periodogram, 

a1mply by operating the p&ddlea at sucoess1Tely increasing 

per1od1c1t1sa and measuring, tor each adjustment• the ampli­

tudes · of the etfeete in the harbour area. 

Two somewhat imperfect tests along these lines were 

conducted on the model at the end of 19A5 ... imperfect in the 

sense that the paddles were subject to rather too much whip 

from over-flexibility or the shafting. This dete~t was later 

remedied, but ae the full ranse ot trequenc1ee covered was not 

again tested, we give the results 1n Fig!!. · 12:,(a). and (b) tor 

what they may be worth. The second experiment aimed at deter­

mining the natursl trequenc1ee or the breakwater-shore oac11-

lat1ng s:,stem. and, ·to eliminate any effects from the harbour 

baa1na, their entrances were sealed. AmpL1tudea were measured 

at tour points between the breakwater and the shore, whose 

locations may be 1dontitied 1n Fig. 109 from the co•ord1nateu 

gt.Ten in Fig. 123(b). 

The periodograma tor each measuring point are recorded 

in Fi@'• 123, 1n which the remarkable increase in amplitude of 

the os_oillattona at certain periods is at once evident. Aa 

might be expected the maximum effects are found at the extrem­

ities or the oac1llat1ng area, while in between. where nodes 

occur at the recording points, certain ot the peak per1od1c1-

t1es are absent or s~bdued. By taking the ·envelopes of the 

peak per1od1c1t1es (shown in red) and ignoring amplitudes, 

which are pro.bably unreliable, we can obtain · some idea of the 

natural frequencies or the area. In order ot diminishing 

YBluee, the following are the critical period•: 
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t'" = 13.2, 11.5, 10.0 , 9.0 , 8.o, 7.2-6.8, 6.4, 6.o, 5.4, 4.8-

4.5 , 4.2. 3 .6-3 . 4, 3.2, 2.8 , 2.4-2.2, 2.0-1.9, 1.1-1.6, 

•••• minutes (35). 

·Theee t1BUres, 1naotar as the1r range extends, are Tery 

good confirmation ot the per1oda tound i n Table IV and ot the 

1nterpretat1ons placed upon them 1n Table IX, as also ot tbe 

calculated periods g1Ten 1n Table VI. The 1nterpretat1one ot 

Table IX are perhaps incomplete and may require the 1nclue1on 

or other fundamental torced oao1llat1one, which in terms ot 

Tables IV and VI, 11eem to ex1at trom t1me to time. 

But later exper1menta. haT1ng reference more particularly 

to the interior or the harbour bae1ns, attord us more material 

ror Judging of the cr1t1cal period• in the important range fro• 

1.0 to 8.o minutes. 

97, r,r104ograma tor the Harbour B@atna fro• 10411 'l'eata, 
We ant1c1pate th~ model researches once again to g1Ye 

here the reaulta referred to, which are necessary t .o a tull 

unde.rstand1ng or the Range-phenomenon. 

Once the appropri ate paddle-aett1nss tor the model had 

been worked out, an experimental search was 1nst1tuted to dt•­

coTer the or1t1cal per1od1c1t1ee tor the model barbour-bae1n1. 

The teats tn~lTed recording the water osc1llattons at tour 

different po1nta in the aodel harbour tor eome 80 d1tterent, ·. 

waTe-per1ode taken in auc::ceaa1on. Eaob aet ot obaenat1ons waa 

repeated tour times to simulate the etrecta ot w&Tee t:rom tour 

directions 1n the outer ocean, aoutb-west, west-aouth-weet, weat 

and west-north-west, the paddles being appropriately slewed or 

altered to conr these oas-ea. Th1a work alone entailed the 

measurement and plotting of some '1()00 obseM1ltiona, which are 

embodied 1n the oompoe1to per1odograme or F1ga. ·12A(a) and (b). 



The J'fJaults plotted in .these diagrams bave been corrected both 

tor the variable frequency response or the recording Kymato­

grapb, to which we shall refer 1n due course, and for the d1a­

tort1onal eftecte of the model~ to wh1ob we shall also allude 

at a later stage. The ranse or double-&JJ.lpl1tudes ot t.he oac11-

lat1ona have been plotted against a lo~r1thm1c time base: re­

duced to natural proportions, tbe1 tar exceed anything 1et 

measured 1n the barbour. 'l'h1a exaggeration, howeTer, does not 

detraot from tbe uaefulneea or the results, wblob should be in­

terpreted on a comparative baa1s only. 

The t1rst thing· we may notice from Fi gs. 124 1a the 

relatively isolated frequency-bands ot response in all the ba­

e1na. 'l'be · second tb1ng 1e that, by and large, there 1a not a 
. . . 

great deal or dttterenoe 1n· thla reeponee for W&Yee from the 

d1tterent d1rect1ona. The cr1t1cal periods are 1n all caaea 

muob the same; only the overall •sn1tude or the dtaturbancea 

la appreuiebl.y ar tected by the wave dl-rieatton .. 

In the Dun~e.n BMSin (F16~- l.24{ &)} .. thei-e Are two{\-wel l 

det1aed bands or crlttcal periods, the lower ooyer1ng a l'ange 

trom about 1.3 to 2 minutes, and the upper from 4.3 to 8 m1nuteso 

In between there 1e a minor orlttcal band trom about 3.2 to 3.8 

minutee. In the Victoria Bas1n(Flg. l24(b)), there are not such 

obrtoue zonee . or cr1t1cal per1ode, althouf.th there $N tteYeral 

important peaks. 'l'be Alfred Baa1n 1e not sueq&,t\bl~ tc. th• 

smaller per1od1c1t1es ~ but responds powertull:r to y,erit)d1e1t1ea 

1n the range trom 4 to 8 minutes, a tact alreadJ noted 1n re~ 

apect ot the prototype harbour (ct. p. 64) • 

For reaaone wb1oh will be •de clear later. the euboe­

quent expertmonte on the model, in the eearcb for ao~ut1ona ·t.o 

the Range problem, w~re all made w1tb paddle-,ettin~ ae for 

waves trom tbe west-north-weJt d1reot1on outside Table Eay. In 

the oouree of th~ee exper1~nta tt was neceeaal'J . fl"Onfit1me to 
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time to re-examine the or1t1cal per1od1c1tie~ tor the Duncan 

Basin (which formed the main eubJect of study) and to der1Te 

1ta per1odogram of natural frequencies. Although the test.a 

were always pertormed as nearly as possible under 1dent1cal 

cond1t1one, 1t was round that the basin exb1b1ted rather tea­

peramental cbaraoteriatios, and would respond on different 

occaaions to slightly d1tferent · trequenc1es. Tbe extent of 

this aberration 1e ahown ·1n Fig. 125, wh1eb g1Tea superimposed 

per1odograma tor the four oornere of the dock, cori-ected 1n 

per1od1o1t1ea tor the d1atort1on of the model, but not adjusted 

for alight ..-ar1ab111t1es of amplitude. 

Although the period differences are not 'ffl'J sreat. they 

are nevertheless perplexing, and, for want of any better ex­

planation, 1t must be supposed that they arise aa the reault 

ot alight d1fterencee 1n the depths o'f water and •1nor derta- · 

t1ons in the configuration or tbe coastline on the 't'llr1oua 

oocaa1one. Here it is necessary to add that tbe sea-bed in 

the T1o1n1ty ot the model harbour was moulded in eand and pro'.9 

tiled wt tb remo~ble templatcns, ao that small d1Tergeno1es 1n 

t,bia way were unavoidable. 

Taking the per1odograms of Figs~ 124 collect1Tely, 1n 

oonJunct1on also with thoee of F1g. 125, and grouping the peak 

per1od1c1 ties whe~ver they are closely knit to torm a 11011d · 

band. we ·may deeory what are obviously pr1t1cal per1od1o1t1ee 

tor the breakwater-shore oeo111at1ng system. It we discount 

. tho apparent unimportance or minor peake, which .probably de­

riTea tromthe unrespons1Tenoa8 of the basins to those modes ot 

external oac1llation, the critical periods take the following 

sequence of aTerages, which should be interpreted as capable 

of 11m1ted :tluctuat1on either way dependent largely on the d1-

reot1on ot approach ot the d1sturb1ng .ground-awella, and the 
. . 

number ot co-1nc1dent or nearly-coincident component ae1ohee: 
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T 7.5, 6.6, 6.o, 5~5. A.1r 3 ~5 . 2 .6, 2.3 ~ 1,.81, (L,72) 

l. 60 J 1. ,10 I 1. 33 ~ 1. 20 t . 1. 07 J Q • 95 !I • • • • 

This series, eompared now \\lith Tablas I V, VI and IX, but 

eepec1ally the latter, ahows excellent eorreapondence, and not 

only establishes the worthiness of the model, but c.onf'1rms the 

interpretations we have placed upon the exi ntence of theao 
. . . 

se1cbee 1n tbe harbou.r are~. There 1s, bowe'f'er, at least one 

· notable omission in Table IX 1n reepect of the 6.0 minute per1-

. od1c1ty !I · and 1 t would appear that a 12-minute fundamental tore«! 

osolllat1on ehou~d h&Te been included 1n 1ta assembly. '1.'be 8.o 
mtnu~e trequency found, in . the rather imperfect experiments 

· leading to the results of (35) ,(p. 2831 ta not in eY14ence in 

. Figa. 124, but a l.72-m1nute .se1che now looms somewhat 1ncon­

a1atently in the picture.· . The a1B')1t1cance of thle 1n relation 

particularly to the Duncan Basin will be discussed 1n the next 

section. In all other respects the or1t1c&l per1od1c1tlee or 
(36) aubstant-iate (35) and Table IX. 

98, Tb1.Jiat,yra1 Moaes .2r 'Qnc\llatton 2r ths, _Qomnleted puncan 

BNin • 
........ ,.,-:;a,c:,:::» 

We come now to consider the manner in which tho soiobtta 

or the breakwater~sbore system are communicated to the Duncan 

Dock. the most important b&a1n of ·t he harbour ·a t Cape Town. 
. 

As the bae1n 1s v=ertioal-walled t of Yery regular shape , 

and of almost unifo r m depth, it provides a very good oaae to r 

the application of the hydrodynamical equat1ons developed i n 

the last chanter. We may therefore examine its natural tx-e­

quenc1ea in the 116fit, first or all, of equati on (18), on t he 

aaaumptlon that 1t . . 1s entirely closed. 
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The length of the bas in f or all practical purposae is L= 6ooort., 
and its depth cl::: 40-A5 rt., aocord1ng to the state of the tide. 

The breadth or the basin at the nor t h- western end 1e 13 == 2100 rt., 
but tor t hree-qu,,rtere or its length towards the other end it 111 

8 :: 2200 ft, . Fl tti ng theae data to equation ( 18) yields the 

f ollowing: 

Table X, :latural. Period• ot Dunoau Baain trom ~ dlr'Odynmrloa1 'fheo!l• 
~ . 

Dii'eot- bimende>na ComPl,lted Periods (for valuea of m) -Mini. 
ion L 0 l"B d 

-
Length 6000 40 &.&?' 2.18 1.86 1.3? l.li ·o.ss 0."79 •••• 

46 5.26 2.61 1.76 1.31 1.05 0.88 · 0.76 •••• 

Breadth 2100 40 1.96 0 .97 0.86 .0 . 49 0. 39 0 . 33 0.28 ... •. 
45 1.e• 0 .92 0.61 . 0.46 0 .31 0.31 0.26 •••• 

Breadth 2200 40 2.0t - 1.02 0.68 0 .61 0.41 0.34 0.29 •••• 45 l.9S 0.96 O.M O.i 8 0.39 0.32 0.28 ooo, 

Besides the natural periods shown i n Table X, there will 

be a mode of' oso1llat1on 1n which the northern end ot the baein 

opposite the entrance acts transversely as a canal, open at the 

mouth. The applicable equation 1n this case is (29), (p. 244), 

from which, tor s = 1, the natural period will be double ot the 

periods of the fundamental ae1cbea 1n the transverse d1reot1on 
j 

given by Table X; namely, f~m 3.68 to ~.08, according to the 

height ot the tide. 

For a reotan@Ular basin in which propagation 1a two­

d1mens1onal, as 1t will be in the Duncan Dock , there will be 

other modea of oac11lat1on dependent upon the length-breadth 

ratio, aa given by equation · ( .19), (p. 237) . Th1iJ ratio is very 

closely 3, so that p in equation (19) . wil l h11ve the value 9. 

'l'he natural periods already given 1n Table X correspond 
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to the cases, taken separately, ot n = o and m = O; 80me of th_! 
remein1ng caees when h1 and n are both finite are investigated 

in Table XI: 

!able XIs latural Peri.-ds of Dunoan B&sin: Two-Dimensional Oscillation. 
. ___ _.;;,;..;...;.;.:;;...._;..__.;.. _____________ _ 

- -.. -
Depth Computed ?er:lods ( tor diffeJ."&ut values of m and .n)-Mins. 

d m 'l 2 :s 4 s 6 1 1 .'l· .2 n ·• l 1 l l l 1 2 3 4 ~ 

-
40 1.76 1.55 1.31 1.11 0.96 -· o.ss 0.92 · 0.62 - 0.46· 0~87 
45 1.a1· 1.46 1.24 1.05 0.90 0.78 0.86 0.58 0.44 o.aa 

Only the first few important periods aro incorporated 1n 
the above ifilbl• > t'leeau~~ otb.~!' ,mlue~ c,f m And n tend to g1Te 
;l'Ytt:rlapp1ng ~~1o:ii'! w'b.1.eh are,. either 1nd1at1ngu1ahable from tho•• 
!1~n ~r ~~~~xi~~t~ t.Q t~e ..,..luea already listed in Table x. 

We are now 1~ a position to write down the or1t1ca1 pert-
' oda tor the Duncan Basin t\s 1t 1s today: theae, on the &Terage. 

form the aer1ea 

r = 5....4, 3 • 9, 2. 7, 2....Q., L!S., l.,,.tt, L.51., 1. 34, 1. 28, L.Q.e., 

0,98-0.90., o.ao, 0.66-0.60, 0.50-0.45, o.33-o.30, •••• m1nutea. 
______ (:,7). 

Underlined are the per1od1c1t1ee that are likely to be of greato 
eat iaportanoe because of the special shape and dimensions ot tbe 
basin, these being, in general, the loweat modes or the several 
kinds, longitudinal, transverse and two-dimensional. 

99. fhe Exc·itation or s,11ne1 J.n the Dungan Baa1n. 
Aa to whether these natural frequencies will eTer be excit­

ed depends essentially on the nature or tbe disturbances 1nt11-
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trat1ng from out.aide the b&a1n·. Reference to Table IX (p. 281) 

shows that many or the per1od1c1tiea or the soiches which h&Te 

been proved to ex1et 1n the external oscillating basin between 

breakwater and ahore are Tery close in value to the natural 

periods of (37). The 5.5 and 1.86 minute aeiches outside the 

.Duncan Bae1n are almost exactly tuned, and 1t the ant1nodal po•1-

t1one are fayourably situated to cauJe a flUJt through the baain 

entranoe. tbey w111 induce completely resonant oeo1llat1ons 1D­

e1de. '!'he· external se1che11 ot periods nearest to tbeae or1t.1oal 

values oan also be expected to beget forced ae1chea ot near­

reaonance. 

'!'be mo_del tests reflected 1n Fig. 12,i(a) proTe tbat tbe 

6.o and 4.1-A.5 minute extel'l'lal ae1obea can obtain a ta1r meas­
ure of. response from tbe Duncan Baain. Their co-ex1etenoe, in 

tact,would be 11kely to produce a beat osc1llat1on wttb an ap­

parent per1odtc1ty of abQut 5.} minutes, (aa explained 1n Section 

85 (p. 246)), which would et~ngly reinforce the main 5-5 minute 

forced ee1ohe. The longest per.1od1c1ty recorded 1n the Dunoan 

Dock· in any gt.Ten case would depend on how 1111107 of those three 

forced aeicbea were present outside. If the 6· •. o minute seiche 

w&re abeent, tor instance, the 5.5 and. A.6 mtnute aeicbea would 

tend to promote a boat oao111at1on of about 5.0 m1nuteis :period 

1na1do the ba11n, whereas 1t the 4.6-minute one were m1aa1ng, 

the apparent per1od1c1ty would run to about 5.8 minutea or poea1a 

bly h1gber·. . On rare ocoaa 1one. no doubt. one or other of these 

forcing ae1cbes might operate alone and 1mpresa its own per1odio-

1ty upon the baa1n. 

Direct and oon'Vineins eY1dence ot the combining of the 

forced ae1cboe 1n beats 1a provided by aoaie of tho aeiohograu 

of Figs. 51, 52 and 53. Attentt~n le drawn in part1cular,1n 

these reproductiona,to the •er, obYious beats occurring a1mul~ 

taneouely in tbe oec1llat1ona at A and E berthe in the Duncan 
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Basin. In Secti on 48 (po 142), we showed that these gave eY1dence 

of a fundamental transverse oac1llat1on across the dock ·at the 

northern end , but 1:r we &nalyae them further -i n term of equationa 

(33), (p. 248), we can uncoYer the true constituent periods. 
Tbua in Ftg. 51, tbe ayerage length ot. the beats 1a 11 

minutes .and the apparent per1od1o1ty ot the oac1llat1ons 1.765 
a1matea. The ·beat trequency 1e tbua w=21i/22, wbtl•f=~l.76. 

From equations (33). therefore, the component per1oda are found 

to be ;= 1.6:, and ~ = 1. 92 11inutea . 

In F1g. 52 the beate are a little longer (14.5 minutes) 
. . 

and the &Yerage pertod.of the apparent oaotllat1on 1a 1.722 111.n-

utea, •k1ng Zj := 1.6, and .~ = 1.a,. Fig .. ·53 again y1el4s a 

beat length of 12.2 m1nutea and an apparent period of 1.100 min­
utes, to give components ~= i .. 59 and -z;.::: 1.82 minutes. 

'l'b.eae tbree caaes then rewal that the 1.86 and 1.61 Id.D­

ute tol'Ced•ee1oliea oft.be brealmater•sbore ayete11 (1'1ble IX) aN 

generally oo-ex11tent. and together create a per1odlo1ty ot about 
1·.12 111nut••, wbloh la reaoaant to:r tbe Duncan Doak • . aa •bown ln 
(3?). 

It we aorut1n1ee tbe latter part ot Table II, from about 
.. 

the middle ot 1945 omrarde (p. 1:,5), we .find ertdenoe (fro• the 
mar1grau or the Le~ t1de-sauge at E/F berths) to corroborate 
iheae t1n41nge. The fulldaaetatal longltudS.nal eetol» ta atro11gl.7 

ta •Yldeooe 111 t'bat pan or the dook an4 nuotuatn ~1' pel'lo41olty 
from about ·5.2 to 6~0 minutes. The transnrae ae1cbetbeN 1a 
ao11et1mee pure and ao11et1mea combtned, to g1..e perloda between 
1.72 and 1.88 mtnutea. 

The theoretical approach (Table XI) now explains the oc­
currence or 1.72 and l.55-•1nute orittcal per1od1o1t1es 1n aoae 
ot the pertodosra• ot Figs. 124 ~nd .125. 'l'beae are the aoat 
taportant two-d1mell91onal natural freq~nctes tor the Duncan 

Ba111n. and are easily brought into rtbratlon by the outside 
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d1aturbanees 1! tor any reason thet-e 1s a al1gbt shortening ot 

the por1od1c1t1ee or the usual 1.86 or t.61-m1nute torce4-

se1ohes. Changes 1n ewell-d1rect1on and t1de-be1gbt can pre­

sumably bring th1s about, for we f1nd aTtdence in Table IV 

(p. 257) or some of these oac1.llat1ons. For tbe most part, 

howe..-er, -to judge rrom Table II, 1t 1s the 1.86 and 1.61-m1n­

ute ae1cbea that pl'e'Y&11, and combine to g1Te a 1.72-m.nute 

oao'11lat1on. The 1.61-minute frequency is not often found 011 

1ta own, and th1a is no doubt because it becomes merged wltb 

1to atronger partner, wbene.-er 1t builds.up 1n amplitude, and 
. . 

completely loses 1ta identity to the latter when 1t weakena. 

Intermediate between tbe longttudlnal and tran•'Yerae 

tu11daaental ae1cbea in (37), we find natural period• of ,.9, 
2.7 and 2.0 minutes. Tbe f1rat 18, indeed, 1n e'Y1denoe tn 

Table II (latter part) and Table_ IV• and is tound alao to the 

model per1odograme, being obT1ously acti.,.ted by the ,.4 m.n­

ute external eetobe of ·Table IX (p. 281.) The 2.?-mlnute oa­

o1llat1on, on the otber band, 1a rather conep1ououel7 a'blleot. 

The reaaon tor th1e must be conjectured, but ts not· d1tt1oult 

to •X'pl&1n. 

· 111 tbe tlrat place the ·2.7-a1nute frequency 1s the 

second harmonic or binodal oac1llat1on· for the basin 1n tbe 

longltud~nal direotlon, and, ae aucb, .baa nodee at tbe quarter..:. 

points. The location ot the baa1n entrance, howeTer, 1a also 

situated at the eighth-to-quarter point tn the long side of 

the dock, and therefore co1nctdes w1tb a nodal area ot the 

second harmonic. No amount of 11t111Ulation from outside can then 

excite tb1e mode of oac1llat1on e'fen though, as we baTo eeen, a 

2.8-mtnute se1ohe ta prominent outside the harbour. In aucb tbo 

same way, a periodic force applied at a nodal point or a 

stretched string, cannot animate the particular mode of oa­

c1ll&t1on tor wb1oh tbe string 1s nodal at that point, deap1te 



292 ,. 

the pertod or the force be1ng resonant with it. 

In terma ot Table X, the 2.o-m1nute natural frequency 

~ 
I 

·-, 
or (37) 1e really the fundamental transverse oec1llat1on tor 
the southern end ot the dock. Ftgs. 124 and 125, boweYer, show 
that, although it la excited at that end ot the dook, 1t is 1n 
·rather subdued form. Thts 111 no doubt because the 2.3 minute 
torc1ng se1cbe outside the baa1n 1s somewhat out ot step and 
1s only able to impose upon this mode ot osc1llat1on by form­
ing a beat trequenoy ot the r1gbt order witb the l.86-m1nute 
seicbe. 

Below the 1.51-m1nute natural frequency 1n the periodic 
scale ot (37) we baYe natural per1ode ot 1.,4, 1.28, 1.08 and 

the important group between 0.98 and 0.90 m1mitee. All ot 
these are to be found ln Table IV and F1ss. 124 and 125, and 
as they correspond with the external forcing ae1ohea of Table 
IX, tbetr generation 1a eattatactorlly explained. All oec1lla­
t1one .approacblng 1 mtmite ln period •1 be ocma1deNd w be 

binodal traneYeree ee1obea. 

There la not auob ooJTOborat1Ye utertal to oonf1ra the 
natural per1oc!a below about 0.9 111nutu. other than. le oon­
tatned 1n Table IV, but this on the _whole 1ai tawurable ~ The 
1nterpretat1on of moat ot the per1od1c1t1ea detected 1n the 
recorda tor the Dllnoan Bae1n, glYen abo-Ye. t~ua appeara to 
approxl•t-• to the truth • 

. 100, Thf CbansJ.pg ffat.uo1 rmouenc1,, of tbo ounoap »ock, 
The expl1cat1ona ·tor the obee!"Yed commotion 1n and round 

tbe harbour thua tar tit 1n with the tact• as we Itnow tb•• to­
da7. It they aleo account eat1atactor11y tor the ~r1able be­
bartour ot the Duncan Baeln during its constNotion, we ahall 
finally know them tor tbe tru.th. 

The changing cond1t1ona 1n the Duncan Bae1n were re• 
terred to in Section · .46 ( p • . 1,:,) anct· a11e fully retleote4 tn 
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Table I I (p. 134) . The seneral explanat i ons f or the varying 
per1od1o1t1ee have already been giTen in t hat 8ect 1on and need 
not be repeated here, except ineofar as they require eubetant1-
a t 1on. 

The Lea-gauge mar1grame at the E/F ber th locat i on 1n 
the Duncan Dock showed 1n 1940 two princ ipal longitudinal 
osc1llat1ona, beaidoe the non familiar transverse oso1lla­
t1one . Theae ranged f rom about 7.6 to 6.8 minutes and f roa 
d•9 to 4.2 minutes (p . 134), and wer8 clearly d1et1ngu1abable 
1n these categor1ea. 

The Duncan Dock at t hat time was in course ot oonstl'l&O-
· t1on and bad not as yet assumed 1ts rectangular f orm. Its 
apec1t1c shape can be gauged from F1g. 10 as a01Dethlng 1ntel"­
med1ate between the outlines of NoTember, 1939, and NoTember, 
19,41 • . haentially, t heNtore, 1t was a l ong bae1n, equare~ 
ended and 'ftrt1cal-1'8l led at the north-western extreatty, but · 
oblique-ended at tbe opposite boundary, which abelved troa tbe 
reclamations there with the ·steady gradient or the Y1rgln 
coastline. Only the nortb-weatem end ot the bae1n, about 
2000 f t. square (the full w1dtb of the bas in) , bad been 
dredged to a deptb _ot 40 ft. below ·LWOST. 

Thia basin, ot oourae, was flanked on the aouthern aide 
by a large lagoon of 'ft78ter, then being reclaimed trom the sea, . . 
the mouth ot which was beginning to be conetricted by the ad-
wnoing quay-wall conetruotlon fro• t he north and the reolama­
t1on deposits from the aouth. 

For th1a •abape of baain we baYe no really dependabl• 
formula for comput,tng the tundamental mode ot oeo1llat,1on, 
but •• may· bua~ a guess by applying equation (20.<} · ( p. 238), 
wb1oh Chrystal found eo useful 1n eat1mat1ng the ~tural 
pertoda ot lakes of all ebapee of outline and depth. For"thie 
we 1snore the lagoon .and take the mean length Ot the baa1u 

-
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along 1ta axis. l= 7200 ft.·. and its maxilltlm depth, e.{, = ,40 

rt. Equation (20} then Jielde ?j = 7.5 m1nutea tor R1=1 and 

~ = 4.3 minutes for 111= 2., whi.ob, oonatderlng the poor approx- '. 
. ' 1mat1on of tho parabolic bed of tbe formula to the .true sec-

tional prot1ie ot the baaln, are not bad tallies with tbe ob­

aened perlt.>de. 
Another estimate tor the tunda11ental mode ' ot oaotllat1on : 

is poaalble using the graphical •thod wb1oh baa proYed 1te 

worth and acourao7 1n earlier aeotlo'IIII of tb1a obaP'er. !bwt, 

1n tbe knowledge ~t tbe bed ot \be ·Dtmoan Baatn at tbat t.1• 

waa largely the und1•turbed aea-be4 ot t.be baJ, we •1 4ef1ne 
two po1nta, ( L, :,5) and (P, 40), on the oo-or41uate net.work 

of F1g. 109, wboae dlatanoe apart 1• about equal to the lenph 

of the baaln from the square end. t.o the hr'theat extreatt,7, 

. between whloll ti. water depUia &114 be4•8"41at &N -b 1111 
••• aa thoae of 11M lautn. !be ltne Jolnl111 tbN• potau la 

about parallel to the axta of t,be baaln and at rlgbt. angle• to 

the W&Ye•tzton\a Ol'0881ftg tb•, 80 \bat we baYe tn effeot 418• , 

placed tbe bae1n parallel to ttaelf tnto a sone ot \be c11apaa 

where wan expanelcma ba'ft been plotted.. 

The tundamntal per1oc1 of tbe baetn wtll then be twlo• 
the time taken by a ground-a .. 11 \o t:ra.-1 froa one po1n\ t,o 

the ot,her. wb1ob t'rom Pig. 109 1a r== 2(14.1-10.5) 01' 7 .2 

minutes at low tide. At b1eh ttde this f1g1.1re would be re­
duced to about 6.9 minutes, gt ring a ranee tn good general 

agreement wttb Table II (p. 134).. 'l'b1a tben le&Tea no doubt 
but that the lon~•t pel'1.oda tor 1940 ln Tabl~ II coneepond 

to the lowest mode of oac1ll•t1on fort.he baaln, wbo••· c1ewlop­
ant could logically be aaortbed to the 7.:,.111nute external 
ee1ohe of Table IX (p. 281). 

BJ the end ot 1941, Table II re'te&ls that tb1s lowest 

mode of oao1llat1on bad altered eo11Ntwbat to glTe allghtlJ 

ahorter pertoda trom about 6.9 to 6.o atautea. F1g. 10. bow-
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eTer, shows that beyond h&Ting its south-eastern end lined wtth 
a rentant-wall. the basin bad not altered appreo1ab1J 1n 
oTere.11 stze ·rrom what lt bad been the 7ear before. Bu.t the 
dredging ot the basin had been ·proceeding apace and a length 
or about 3000 ft., or halt the ultimate length or the baaln 
bad been cut to a depth ot 40 tt. at LWOST. It 1a not d1tt1-
oult to see then that, as _per1od1c1t1ee or oac1llat1on tn ~n­
eral are inTeraely proportional to the square root ot tho depth, 
the diminution of the periods waa caused by the deepening of 
the .basin. 

The secondary oac1llat1ons of periods from about 5.0 to 
4 .2 111nutes persieted apparently unchanged throughout 19AO and 
1941, and we 111W1t seek to account tor this b7 Ntterenoe asa1n 
to model teeta. 

In prel1ll1na17 trials ot the model wbtch a1aed at, proT-
1ng 11 •• the conditions of N0Te1a'ber; 1941, · (F1g. 10). nN ao­
cul'6tely reproduced, the lung torm.ed by the lagoon ot •t•r on 
the southern aide ot the baa1n being included. The model••• 
operated tor the conditions of waves trom the woat-north-weat. 
direction. and the results or the experiments are eonta1ned in 
the pel'iodograms of Fig. 126. 

Two bands of or1t1cal periods show up 1n tbeae per1odo­
gra11&, the larger of which incorporateiJ ·several pe~ka. These 
may be 1dent1f1ed as trequenc1ea of 7.1, 6.6 and 6.2 minutes 
period, together with minor onea at 6.o and 5.5 m1nutea. The 
latter, which we know to be a strong external ae1cb•, in ex­
istence always when ground-swells run into the bay, waa barely 
able to influence the basin at that time. 

We may reco~1se 1n all these per1od1e1t1ee the now 
tam111ar sequence or Table IX (p. 281) with the addition ot the 
6.o m1nu~o se1cbe, which the cona1derations or Section 97 
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( p . 286) ahov~1 to ~ ~9C?~·~"aq ?:f 11i;~l1m1.!)n.. T'J.~~i' f"lrt.j fl~ls't' 
fo r c i ng -s elcbea are most nearl y tuned to the natural f"quenc1es 
of the baain aa it then was, and draw the maximum response. 

The smaller band o:t the per1odograms giving a peak at .4,3 
•1nutes corresponds ap.a1n almost exactly with tbe obeeryed per1ode 
ot Table II, and in terms ot the approximate calculation on p. · 
29A, must be 1n~erpreted aa be1ng the second harmonic or binodal 
oac1llat1on for the basin. As mentioned in Section 46 (p. 131), 
however, this mode of osc11lat1on was observed to 1nvolve the 
lagoon 1n a Joint three-comered tlapp1ng ot the whole cloverleaf .. 
11ke body ot water, contained by the Eastern Mole. An ant1node 
was 1n e'Yidence at the Junot1on or. the lagoon with the baa1n, 
001111Don to all three petals ot the clover-leaf tormat1on. There 
were thus three nodea, one tn eacb petal, two or wh1oh, of couree 
were roughly transverse to the basin and thua accorded with the 
binodal longitudinal oac1llat1on or tbat body ot water on 1t• own. 
'l'be aot1~t1ng se1ohe 1n t~e exte~l breakwater-shore osc1llat-
1ng ayetem was obT1oual7 the A•5-a1nute one ot Table IX. 

In 1942 the auay•wall conatruot1on and reclamation worts 
met and sealed otr the 1&(¥)on or water to the south ot the basin 
(Fig. 10). 'rhe works tor the oona4.ruct1on. ot the graving dook at 
the aoutb•e&atem end or the baa1n meamrhile gradually puabed out 
and t1nally cut ort the tr1angular-ehaped end. The oloaing or 
th1a area by cotterdam auat have occurred towards the end or July, 
i943 , to Judge from the sudden disappearance or the mode ot oac11-
lat1on ot 1.1-6.2 minutes 1n the war1grams of the Lea tide-gauge 
(Table II, Po 135) and tbie was indeed tbe case (Fig. 10). But 
here we bave to explain the enigma of the persistence ot the 4.3-
mtnute ae1che 1n the tace of thta •horten1ng of the basin and the 
detachment of the lagoon, and. particularl7 too: ot the absence ot 
any 5.9-5.0 ~1nute oac1llat1ona in 1944. auch as ahowed up 
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subsequently 1n 19'15·. 

It 11 neoeaaary to record that by 19.C tbe dredging 
and rock;.break1ng 1n the bae1n bad extended the 40 rt •• depth 
of tbe bed at tWOST to two-tb1rds ot tbe t1n1ahed length ot 
the b&a1n. ot tbe rema1n1ng one-third length about, halt had 
been dredged to between 38 and 35 rt., while the re•1n1ng 
length at the eoutbem end torsed a shelf ·only 20 tt. deep. 
In etteot then the dock consisted ot a aubmarlne baain or 
etfectlTe length L= 5000 tt. and depth d:::40 ~o 45 tt •• with 
a aballow platform at the end ria ing up to the cotterdaa tb&t 
embraced t.be grartng dock oonatruo\lon. 

If tb1a shallow ,platform be ignored and the data are fed 
to equation (18), (which la applicable to the oond1t1ona) ... 
find the tuma•ntal ·pertod1o1t7 to be T=4•6 to 4.4 nnuwa 
according to tbe height of the tide. 

An examination of tbe oon41t1ons as 1n Bonm'Nr, 19A3, 
waa·undertaken in a further proof-wet ot tbe model, wb1oh l ed 
to tbe per1odograu ot IPtg. 127. 'J.'be•• oontira the tbeoret,1oal 

. 1ndlcat1on ot a strong band of critical per1o41o1t1ee at 4.6 
minutes, but they also abow that there ta cona1derablo Naponee 
to the toroin~ ae1che~ in the 1111Dledtate lower modes (5.5, 6.1, 
and 6.6 minutes). However, tor the psrt1eular location of the 
Lea tide-gauge, tbe latter per1odioit1ea are Tery subdued (Fig. 
127). and to thta tact nry largely must be ascribed tbcs absence 
or any 1nd1cat1ona of them in tho marigrama for 1944 (Table II, 
P• 135). 

There was, neTertheleao, another factor attfct1ng the 
1aeue which only came to the author's attention long atter the 
experiment. Thia concerned the depoe1tlon or tbe d:redg1nga 
trom the baain ln a wide area outside the Eastern Mole. A 
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cono1derable shoal f ormed here, which 11.U8t b&Te bad a profound 
effect upon. the aeicbefl of the ·breakwater-shore oao1llat1ng 
system. When the extent of the aboal was discovered lt waa 
rea l ised by the harbour authorities that 1t constituted a 
hazard to eh1pa 1n the roadatead, and it was by de~eea remowd. . . 

Although th• author at, this stage has no factual infor­
mation to go on. he 1s or the opinion tbat the total disappear- . 
ance of any 6.0-5.3 minute oecillattons ln 1944, and the1r re-

. . 
appearance in 1945, 1• intimately bound up with the ~wtb and 
final remo-.al of this eandba~ outside the harbour. 

BJ' tbe end of 1944 the Dunoan Basin b.&d ·been dredged to 
1ta dee1gned depths throu@bout aoat of lta area exoept that lll­
aed1ate17 adlo1ning the cofferdam of the gra'Ying dook, but 1n 
April, 19A5, the remo'flll ot thle cofferdam was 0011111enoed, and 'by 
June the basin bad to al l intents am purpoeea aaaumed 1t• ooa­
pleted form. 'J.'he alight diminution of -periodicity that might 
be expected of this final deepen1n~ seems to be 1n e'Yldence 1n 
Table II (p. 135), culminating in the ooaplete ceeaatton of the 
4.3 minute frequenoy and its replacement on rare occae1ona by 
the leas stable 3.9-3.7 minute tranayerae oeo1llat1on. 

Tbe Duncan Baa1n has afforded ua a beaut1tul example of 
the 1nf'luence or d1'Jlens1ons and depth on the osc1llat1ng char­
aoterlattce ot an enclosed body of water. In all the time of 
1te construction the aeiohea of tbe breakwater-abore quas1-ba11111, 
in themeelTea largely unchanged. h&Te played upon tbe water-mass 
of the Duncan Dock often with completely different results. It 
baa, we bel1eye, been oonclua1Tely shown that tn ••h otroua­
etancee a basin will onl~ respond to those 1mpreased frequeno1ea 
which aocord most nearly with 1ta own. Partial reeonanoe ••e• 

c:.LOS,e ;N to be possible when the forcing selche 1s aut:f.1.c1-ent. 1r ..... ,,_,._ 4 • 
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period to that of the natural frequency, and this 1e fully 
aubatant1ated on theoretical grounds, there being no preo1p1-
tate transition rrom complete unrespone1nnees to f'ull reso­
nance. The explanation we ottered 1n reepeot ot some of 
Chrystal's observations on forced ee1cbee {p. 242), now•••• 

I 

to be Just1t1ed by the tacts. 

~+• oc,c111,at\12na or the vtctod,a ansi Altma B11\P1, 
Cona1derat1ona of apace preclude our d1acuse1ng complete 

deta•.le of the oec1llat1orta that are peoul1ar to . the V1ctor1a 
and A:.tred B&eine, but some d11curatn remarks •••• neoeaeary 
1n pa1111ng. 

\ne behartour or those · baa1ns :rollowa the same general 
mechan1amaa the Duncan Bae1n, their rttaponae, of couree, de­
pending upeu the aha pea and a tzee or the 1nd1 Ti.dual compart­
ments 1nto which these dookll are divided. The pertodogra .. 
contained 1n P·tg. 12A(b) · are generally 1ndtoat1Te or the orl­
tical trequenc1•• &a they are 1nap1:red by the external toro1ng 
ee1obes. 

It will be nottcecJ trom Fig. 12A(b) that the peau of 
maxi11W1 amplitude occur r.t per1od1c1t1ea ot 6j- lllnutea tor the 
Alfred Bae1n and Ai atnutee tor the Victoria Basin. It 1a ot 
some interest tbat these are ta1rly close to the periods cited 
1n Section 52, {p. 150), tor tho ae1chea which would produce 
1n the entrancea ot these basins the same Teloc1ty ot flux per 
unit. amplitude ot' se1cbe aa would an 18-ainute me1che 1n the I 

Duncan Baatn. 

We have seen that the lowest mode of osc1llat1on tor the 
Duncan Basin haa a period ot the order of 5.G a1nutea~ Any 
torced ae1cbe ot period longer than this 11\l&t then cause a 
general rise and !'all of the entire aurtace of the basin. The 
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oond1t1on that tbe velocity or flu~ t~rou~h the ~ntran~e ehould 
reach 1te max1tftUm ~lue, depends, aa equation (13) (p. 150) 

ahowe, entirel7 on the . maximum value of the rat1o %,- , and . 

trom .obee~t1on 1t 1a @enerally the 18 to 22 minute seichee tor 

the bay tba~ provide t ho largest "fBlue tor tb1a ratio. 

For equal amplitude. then, a 4!-minute eo1cbe 1e to the 
Altred Bae1n and a 61 mlnute eelche to the Victoria Baain, what 
an 18-ainute eeiobe 1e to the Duncan Basin; na11el7, these per1-
od1o1t1es occaa1on a r1,.se and tall of the entire water aurtac• 
in these baa1na. 

Model experiment.a ahow tbat tble pumping action of the 

entire water-body atarte 1n tbe Viotorta Bae1n at i,or1od1o1t1ee 
aboYe 4.0 a1nutee, and in the Alfred B&a1n at perioda abon 
about 3 aim.ates. In tbe caee of tbe V1ctor1a Basin lt 1e not 
d1tt1oult to••• wbJ this ehould be ao, e1nce th1a 4ook 1a 
roughly aquare aud of the d1una1ona ot the width of the Dun­
can Basia. Any untnodal o•c111at1on tor the V1otor1a Dook 11Uat 
therefore be of the aame order ae tbe tunda•ntal tranevene 
oac1llat1on for the Duncan Baeln. whlob wo round to be 1.85 

•1nutee (of. (:,7). l>• 288). Flg. 124(b) abon th18 to be trm. 
The . .-re doubling ot th1a figure gt-na ua the approx1•te per1-

od1e1 tJ (3.7 •1nutee) of tbe. open-mouth oec1llat1on, wb1cb 1a 
nodal at the entrance and· 1ncreaeea 1n amplitude tro• the aouth 
to tbe head of the clock. Higher per1od1c1t1ea 1111st tbeNtore 
cause a more or lees un1wreal aael'ld OTer tbe entire area of 
the baetn. 

102, Bm1J.on alons \ht fMJ!'d,to Eiland and 111n1rtPD QQM\, 
In the light of our ttndlnga, 1t ta pertinent here to - . 

•ke aoae 001111911t on theproble11 of the eroaton of the aboreltae 
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ot Table Bay which we ret'erred t.o 1n Section 14 (p. 44). 

We intimated there that there were aepeots or tbte de­

nudation of the beaches common to the phenomenon ot Range­

actlon, the 1mpl1cat1on being, or course, that the ground-
. 

swells and ee1ohes which are respone1ble t'or the troubleaome 

coamotion 1n tbe harbour, are also responsible tor the in­

roads or the sea upon the coast and the consequent deatruot1on 

ot ~be marina drive at Cape Town. 

In Section 41 (p. 118) we drew attention to the deatruc­

t.1 ve power ot ground-aw$lla, and 1t behoves WI to enquire fur­

ther 1nto this matter. As ground-swells 1nerttably telid to 

. torm standing-waves and aeicbes, we may approach tbe eubJeot · 

by examining the water-particle moYements 1n the horizontal 

direction, a1nce these must be the maln agents ot deatl'Uct1oa 

for which grou'ftd-awells are ao notor1oue •. 

The horizontal displacement of a water part1cl~ ,at an7 

point in a atand1ng wave la glnn by equation (1,1)-(1), 111 

which. aa we noted on p. 108, tbe byperbo11c factor Y&l'le• 

from VTanh qd at the eurtaoe (z=O) to y'Stnh qd at tbe 

sea-bed ( z = -d ; . Provided the depth d 1a amall oompaNd 

with the waYe-lengtb ot the standing wave, (a wsual oondtt,1on 

with ground-swells), tb1a tactor approximates to the "flllue 

ijqd . 
By d1tterent1at1ng (lA)-(1) with re~peot to time and 

inserting · th1s -talue tor the h7perbol1c tactor, the horizontal 

velocity of a water-particle 1a found to be 

:;f = - :§ · Sin qx-. Cos (f't + e) 
- ---·------<38) 

and its acceleration 

Ap2 
(jd ·· SJn ~r. Sin (pt-r E) 

·~~------------<»> 
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The maximum 'f&luea ot botb Yeloc1ty and acceleration 
occur at the node of tbe etand1ng wa-.e, where obT1ouely Sinir=l· 
They are also UX1111& at the tnetanta tn ·tbe ·per1od or the stand­
ing waw, when 0:,s(f't+e) and Siu(pt+e), reapoot1nly, are 
untty. By reaolnng the tactore in equations (38) and (39) 1~ 
teru ot equations (2), (3). (5) and (8), (p._ 107), the aax1-
mum -..loc1ty and acoelerat1on will be tound to be 

(})_ = A ( s/d}f _____ C4D> 
and 

(~.,.. = Ap.(9/dj _____ c,41> 

Equations (40) and (41) are 1lluatnat1ng. so long aa 

the node or the ataod1ng .. .,. or aelohe oocUl'II 1n water wh1eb 
18 deeper than :,2 teet, tbe max1111111 auree-nloo1ty tn feet per 
eecond doe• not exceed tbe "flllue of the amplitude of \be aelohe 
1n teet. (•ually leaa than 2 ft.), bllt 1f the node nna 1'Dto 
ehallow water and ln the 11alt into water ot no dep'tb at all. 
the yeloctty ·and acceleration. and tbererore the traneport1ng 
power, acroae the node beoome. tbeot-et1oally, 1nt1nltel7 gl'eat. 

It then 1t oan be ebown tbat t.he nodes ot aetollee en\er 
'ftrJ shallow water, we wlll baft found a eat1etact.orj explana­
tion tor t~e desttaot1Ten••• or ground-awella. 

In the case ot Table Ba1 we haw ebown 1n our _analyala. 
of. the ll-11l1mite aelobe wb1ob la pro•1nent outa~de. tbe harbour, 
that a . node 111Uat clearly nn 1nto the ooaat at a ao•wtaat ob-. . . 
11que angle (P'1g. 116). a little north or tbe Diep R1Ter mouth. . . 

Powerful eurglng IIWlt therefore take place owr a wide front.­
age ot beaob 1n tbie area. ait what 1• ·true ot tbe 11-ainute 
ae1cbe 1a alao tl'lle of lt~ 11UJDeroW1 higher barmonloa. -•• Ftg. 
111· au~sta. and w should expeot therefore a mmber of nodal 
points along tbe ooaet wbeN the inroads or the sea are -par-

. . 
tloularly eewre. 



It i s just such sporadic att&oks t hat we f'ir1d strongly 

i n e"Y1denoe all along the Paarden Eiland and Milnerton ooa11t, 

eYon tar beyond the Dlep R1Ter mouth. as may be plainly d1•­

oomed in t he photographs of Fis. 79. It 1a therefore a 

reasonable conclua1on that the ae1ohee ot the breakwater­

shore oac1ll at1ng ayate11 ar. a&Jor oulpr1te in the underatn­

i ng of the coaet north or the harbour. and that tb1a eroaloa 

may be expected to continue into the tuture. unleaa aome other 

oppoe1n~ forces come into play to balance the regime. 

l Q.3_ • . Rene'! . o!~ tbe p·ecban1s11 or Ranee Aot1on. 

In section 78 (p. 223) we epitomized tho general ori­

gins ot the phenomenon ot Range-aotlon on the prem1ae that it 

cona1ated eaeenttally ot a oombtnatlon of atand1ng waYe• 

formed by entrant and reflected waves of translation imping­

ing upon a coastline. It 1a necessary here to complete tbe 

oompoa1te p1ctur~ of or1g1n and otrect by au1111&r1a1ng the 

knowledge t;a1ned re~rd1ng the uolianlam of the p~eno•non. 

Ranee-action can be aald to der1Ye malnl7 from grouncl­

awelle wboae particle moTementa 1n the hortzontal d1reot1on 

are T1r\ually uniform tr.om the tree •urtaoe to tbe aea-bed 

(p. 117). In Y1ew ot th1e the breaking ot the w&Te on a 

ehelv1ng l i ttoral cannot take place and the enors, ot the 

ww 1• not destroyed 1n vort1o1ty and turbulence ae la the 

energy of aborter waves which eonat1tute the t &m111ar aurt. 

The ground .. ·swoll rushes up a sloping beach or ewella up 

a ~lnst a rocky escarpment as a surge whlch withdraws and 

prop!lt!,Btee 1 teelt outwards from the ooaet aa a reflected wave 

( po 246) • 

The retleoted sround-awell baa the aame per1od1o1ty 

and properties ae 1t bad prevloualy and has a progreee1Ye 

motion which 1a either directly or obliquely oppoaed to \bat 
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of other waTes or the train, (or wh1ch 1t 1a a member). which 
may still be incoming. 

The interaction ot opposed w&Yos of equal per1od1c1ty and 
nearly equal amplitude and energ content is a standing ·wavs, the 
special properties ot which compr1ae a synchronous mass-move•ent 
ot the water-particles about a t1xed node or vertical section, 
across which there 1s only horizontal movement. On oppoe1te 
e1des ot tbe node the ..-.rttcal· movements or the body ot water 
are opposed, 1n a ·sort or aee-aaw action with the node ae &,. ful­
crum. At the ant1nodea w~ere the Yert1cal movemente are a •x1-
mum at the tree aurtace, the horizontal dieplaoemente are all 
zero (p~ 233). In tbe tbeorettcal case where the amplitude ot 
th• reflected ground-••11 ba• not auttered an7 d1a1nut1on, the 
a11pltt,uc!e ot the etandtng-waw beoo-• double of the ooaponen\ 
...... ., (p. 2:,5). 

· When ground-awelle nm lnto baya , or 1nlete where the coaat-
11ne 1a irregular or cur'f'ed, their retlecttona otten oonTerge in­
ward• upGn eacb other, interlace. and perba ps renect again, 1t . 
the topograpb1c features tawur tt, to form turtber atandlng 
waves which augment tbe amplitudes or tbe water-movemonte 1n ant1-
nodal areas (p. 210). 

A ae1cbe ilaJ be considered aa a epooial case ot a group 
of standing waves which re1ntorce each other eynohron~uai1, 
through repeated reflections ot tbe underlying ground-swells 
(p. 270). Were 1t not tor the attrition and tr1ot1onal eftecte, 
the auperpoa1tion 1n t,b1a way .of an 1nt1n1te number ot standing 
wavee would result 1n a seiobe of 1nf1n1te amplitude. Fortunate­
ly ·tr1ct1on and d1spera1on aeYerely damp tb1a tendenoy. 

The ,etobee ot open coaate are 1n eaaence no different 
from the se1cbes . . ot enclosed bod1ee ot water. 'l'be oec1llat1ona 
ot inland l&kee and pondaeonalet tunda~ntally ot the opposed 
motion or equal ayateu of progresa1Te ground-swells. wb1ob, 1ft 
the lonat mode ot oso111atton, b&ve a waft ... lengt,b wb1ob 1a twtoe 
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tbe length ot the baa11'1 (p. · 237). For any g1.Yen length and 

abape ot encloaed baa1n there are a mimber of ae1che• wb1ob 

oan exiet elmultaneouely, the only ooridttton being that eaob 

haw an anttnode at the extret11t1ea ot the baatn. Thia oon­

dltton gl"f'ea auob aetobea a tam11J relattonahtp wb1ob t• uu­
allJ harmonic, (p. 231). '!'he bai'montoa are dtat1n81J1abable bJ 

tbe mmber ot their nodoe and bJ their frequenotea, but while 

amp11.tudee wsuall7 deo&J wttb lnoreaalng nodalltJ, there la 

no\ otherw1ae an7 reatrlotlon upon the ampl1tudee or J)ha••• 
of tbe barmon1oe. 

'E'telT enclosed or semt-enoloaed· lr.>dy ot water baa aat­

ural periods of oao11lat1on wbtoh depend entirely upon 1t• 

d1118na1onal oh&racter1et1oa auob aa _tbe aurtaoe-oonflg11ratlon 

and the toi,ograph1oal feat.urea ot the bed, ae atteottng tm 
depth. Tbe- tamtly of 11atural trequeno1•• ·111 · the general oaae 

le not related tn an ha1'110n1o eertee. th1a Nlattonabip be1ng 
only a epeolal oaae applloable to a111ple geoiaetrtoal a'bapea, 

euch as baa1ns of reotangalar tom and untfol'II depth (p. 2:,8). 

a&etae wb1oh open upon large!' bod1ea or •ter haft in 

general an entirely d1tterent s7etem ot osoillatton. tn whtoh 

the natural trequenotee all ba"f'e nodes at the 110uth (p. 24~). 

'l'be tandamental mode of oeotllat1on ·1n th1e oaae ta ocoa•loaed 

by. gl'Gund-swella whose wa"f'9-leng\b 1• i'our·ttmea the length ot 

tho baaln ( p. 265). Ho~wr. if the opening 1n the basin l• 

oomparat1Yel7 emall 1n terms ot the . d1mena1on• ot the ba•ln7 . . 

the latter will reapond to modes ot_oec1llat1on which are a 

comb1nat1on ot the 1110doa tor baelna fully· ~loa·ed and tull7 

OJ)eft. 

We haw ahown that ground-swells not onl7 preoed• 

tralna ot wind-generated wa't'es._ but tend to trawrae througb 

them from tbe1r rear (°p. 229). so that 1n any tnotdenoe ot 

swell on a ooaatllne there ta uauall7 a penletent. undertow 
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from the undorly1ng ground-swells. The latter are of all peri-
'· 

od1c1t1es, owing to their inherent tendency during propagation 

to attenuate (p. 214), and when a swell enters a bay or sem1-

enclosed ·basin, therefore, the periodic stlmulants are on hand 

tor generating the ae1chea peculiar to the special shape of the 

bay or baa1n. Those ground-awella which agree 1n period with 

the natural trequenc1ea ot the areas 11lltll9d1ately resonate by 

1ndue1ng seicbea: all other ground-swells merely form non­

resonant standing-wans wblcb loae all identity 1n the reeult1r.g 

commotion. 

The spawning sround ot the tempests and meteorological 

disturbances. where the waTea that harry the ·soutb Afrtcan 

coastline are begotten, ta the large expanse ot South Atlantic 

· ocean aout~weat of Cape '!'own. We ba'ft ebown that the ocean 

1teelt in tb1a area lies 1n what 1a 'f'itually a aubmar1ne basin, 

foraed between the South Atr1can oont1nent and tho •id-Atlantic 

ridge. and nanked bf a submarine rib on the northern a1de (pp. 

38, 258). This rib or spur ot rlstng ground alao torma a tri­

angular trough with the ·west coast ot ·Southern Atr1oa (p. 258), 

whose nrtox 11ea near the mouth ot tbe Cunene R1Ter and wboae 

open mouth,tront1ng on the southern ocean, 11ea along a line 

due weat of Capo Town (Fig. 7) ·• 

Not ·unnaturally, these oceanic bas1na respond to the 

pressure changes imposed upon them by the traTelltng depreea­

iona an~ the enormous water-masses oscillate ponderously, it 

minutely, 1n the aany modes that are possible to them. We be­

lien tbat we have uncoTered indubitable ertdonce of the oao11-

lat1ona of the ocean not only 1n the submarine basin but also in 

the submarine can7on (p. 260). Although as yet undetected, be­

cause not speo1f1cally looked tor,we venture to predict tbat 

there ex1at 460 and 350-lllnute ee1cbea which are fundamental 

to these submerged baaina. 



The .ast scale ~nd. maJeaty ot thes9 ooean1Q pulaatlone, 
which transcend e"9n t hose that 1nap1red Forel to the words ot 
reverence we haTe quoted on P• 84, cannot 'tlut till ue w1th 
profound awe and. aotneth1n~ ot the lm11ble emotion felt by Forel 

· b1meelt, the 'Faraday ot se1ohee'. 

Table Bay, whose llkeneas to an e111pt,1c bowl baa been 
portrayed ln Flg. 8, lies at tbe -~ndary ot the two ooean1o 
oeo111at1ng basins and 1s theretore eubleot to toroed eetoh•• 

from their higher modea of oso1llat1on~ .A torced aelobe uy 

be described as an oaolllstion, resonant in aome external 
system (as the ocean tn th1a aaae), wbloh 18 1mpreeee4 upon 
a body or basin ot water whose natural periods ot oao1llatt.on 
do not neoeaaar1ly agr.e with tt. In liuoh ctrouaatanoee there 
may be full or only pa~lal reso~noe depending on the near­
ness ot the lmpreeeed per1oda to the natural onee. 

By a freak ot ohance, perhaps, Table Bay 11 able to 
resonate to ~ny ot the higher trequeno1ea ot tbe oceanlo 
forced ae1chea ( p. 267) , but or tts cnm aoool'd lt pl'O.S.d•• 
an eoho-ohamber tor t~e reaonanoe or wave trequeno1ee wbloh 
are too high to make any appreciable 1mpreaa1on u})On the oce­
anic water~mase (p. 267). 

We ban adduoed eT1denoe to show that Table Ba7 tuno­
t1one ln m&DJ dttterent ways, wblob eeem to be a eon ot ooa­
poelte ot the modes or behaY1our ot reotanlJ.llar, circular and 
ell1pt1o baalne with and without open1nB,8 1n their end and 

aide (p. 264). The, response ot the baJ on any parttoular 
oooaeton seems to depend Tery largely on the d1reot1on ot 
approach of the ooean ewells or ot the OTerbead baro•trlo 

. oacillattona. Owing to the tnteraotton of the north and net 
obannel-entranoea to the bay, there 1a a tendeno1 on oooaaton 
tor some resonant f'requono1ea to destroy themselves (p. 271): 
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a slight ahitt ot tbe swell d1reot1on, boweftr, may be enough t o 
bring the aame frequencies 1nto full resonance. 

The moat · lmportant or1tloal periods tor Table Bay appear 
to form the aeries (Table VI, P• 263): 

c == 11-66-51, 55-51, .c-36, 33-26, 2:,-11. 14-12, 11-10, 9. s- , 
9.4, a.,-1.a. 1.s-1.0, 6.8-6.s, 6.:,-5.9, s.1-s.4, 4.0.4.4 , - - .. 

•••• minute•· 
_______ (42 ) 

Jwst as the majority of the aboye trequenc1ee cannot mttoh 
tntluenoe the water-mass 1n the oceanto basins, eo the hlgbeet 
frequeno1es of ground-11wella, (not ebown 1n(42)), oannot llake 
much 1mprea•1on upon the •ter-bod7 1.n Table Bay. It requtree 
a at111 smaller oeotllatlng 'baeln to enoou·rage t,be dewlopaeat, 
of aucb aelobea, and ~b1e, as lt, .ba~ns, baa beet1 proT14ecl by 

tbe b&'Ddtwol'k ot •n, tn the tom ot an ope1'-e1de4 baatn bet,WHn 
tbe barbour-breakw&terand tbe oppoalte ahore. 

Btlt unhappily tor Cape Town the looatton of the break-
. . water baa tol'\ul\oualy f1tted.ln with the toi-c,ed eelohea lapoaed 

upon the man-made bas1n by the oeotllattona ot the bay. The 
forced eeicbea of Table Bay, 1n the b1gber modes, resonate al­
aost perteotly 1n the breakwa~er-ehore basin and tbereb7 greatly 
et1mul ate theuel..-es 1n that coi-ner or the ~Y, besides ensuring 
the promotion of yet h1gber-froquenoy ae1chea. . . . 

We t1nd tben the or1t1oal periods tor tbe breakwater­
shore oso1llat1!18 system complying generally w1tb tbe tollow1ns 
aer1~e, (Tabl.e IV and IX, (35) and ('6)): 

r= 12-10.s, 9.1-a.1, 1.1-6.9, 6.8-6.:,, 0.2-s.9, 5.1-s.,, 4.9-
4.2, :,.1-,.1, ·2.8-2.6, 2.:,-2.0, 1 .. 95-1.10.· 1.65-1.50, 1.46 .. - --... - .. - -
1.40, 1.:,1-1.:,1, 1.22-1.11, 1.10-1.0~. 1.00-0.93 ••••• 

m1nutee. . tnJ. 
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Compari ,J?n lJetween the series ( 412) and ( ,,> above wJ.11 serve 

to ehow 10w good 18 the agreement. b8W1een the se1ol,u.t of Table 

Bay as a bowl or basin on its own end t,he aeiches of the b1~t 

between thf; breakwater and the Pa.arden Eiland tih<,re , 

Jt, i e the existence of t·n,e® ae1ohes 1mmtd1&toly outside 

the harl:lu~ t hat t a responsible for t be surging atd Range-act1c:m 

1ns1de ~e docks. we baTO shown that the ee1cbea 1n the quaa1 .. 

bBs1n outside the por-t have nodal lines which teid to be normal 

to the h:1.rbour-boundarlea along tbtt 11ne of tbe Eastern Bole . . 

(p. 273), At any particular point along thls 1ine, ea7. at tbe 

entrance of the Duncan Dook. the water will rt,e alld tall. or 

move to eud tro, parallel to the Eastern Mole ,. 1n aooord wt th 

the result.ant motion 81••11 . ~o tbe water-part.Soles by tbe alml­

taneous oi,,ratton ot wbaf.4'ftr ae1obea 1n the aer1ee (.C) may 
. - ' 

happen to be tn ex111tenoe. Some ee1obea •1 be nodal at the 

•ntrance po1n~ we are oona1der1ng. but others will 1nentablJ be 

ant1nodal. and the rtatng and falling of wat•r 1n their per1ocla 

creates alternately a bead of water outside ijnd then 1na1de the 

dock. whtoh ot neoesatty tnduoes a oompansatLng flux t1ret i n­

wards, 11nd then outwartls through the entranee, in tbe ·per1od of 

the aet,,he. 

Once &gi1n, unfortunately for the t.arbour, the 'Duuoan 

Dook was oraated wit h preotsel y the entrsnce locat1on &!&d d1-

mena1ons wb1oh permit, ot full reeonanoa of •••eral of the toroed 

selobes ot tbe b:realt1'rater-sbore syatem. Its length ot 6000 ft. 

antt avera~ depth ~t .C ft,. ensures a perfect eohc;,-chambeia ·tor 

the 5.7.:5.:,-m1nute toro1ng eelo~, whloh 111t haw raeen 1• not 

only a natural se1obe tor '!'able Bay, but al•o tor the enernal 

quas1-bae~n. .To make: matt.era voree, the · entrance ot the Duncan 

Dook 11es well w1th1n tho m1ddle Yentral loop or ant1no4e ot 

the btnoaal oao111atlon outelde,. and~·· d1eturbance 11 there­

fore wry ·re8d11y transmitted to the water mass 1ne1de the dook, 
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whi ch responds w1th a sympathetic un1nodal se1cb•-

Nor 1s ·this tbe end to th1a unfortunate set. of o1rcum­

stances, for tbe qu1nqu1- and sext1nodal aeiobes outside the dock 

(1.95-1.70, 1.65.1.50 m1nutee). whlcb haw their ant1nodea at or 

near the bae1n entrance, aleo resonate "1th the natural periods 

ot transnrae oso11lat1on. By yet another quirk of mleobanoe · 
the .deetgned w1dth ot the Duncan Bae1n ln relation to 1ta length 

proYldes or1t1oal modes ot two-d1mene1onal oso11lat1on wblob are 

very near .in per1od1o1ty to tbe fundamefltal mode of tramyerae 
oso1ll&t1on. There la therefore tremendous aoope tor the bu1141ng 
up ot resonant transYeree oaolllattons ln the dook under the 

et11111llus of the foro~ ae1ohee. 

At a tlme when tbe model was responding strongly to a 

1.55 m1mrte two-c!1mene1onal aetohe, a auney of tbe water aurtaoe 

waa oonduotecl to ntabl1ah tbe mture of tbla oao11lat1on. Tble 

ta portrayed 1n the dtagrama (a) to (t) of F18• 128. The waw­
pertod tn tbe model was equ1.alent to 1.65 minutes !.n nature. 
unoorreoted for the dletontonal ettecta ot the mode~ linear 
eoalee on the time eoale. Co!'Noted, the J)(triod oorreeponds to 
1.55 minutes ln nature. 

The oomp11caoy of the oao1llat1on will be apparent trom an · 
1napeot1on of the eeftr&l diagrams for the balt-perlod ot the 

se1cbe. Out~1de the harbour the toro1ng se1che &Pl.)e&re to be a 

comb1nat1ofl qu1nqu1-sext1-nodal oao1llat1on between the breakwater 

and the shore. Inside the Duncan Dock 1t 1a transnrae at the 
northern end, where the movement 1a atronseet, and diagonal 

towards- the southern end, where the motion 1s ~ther d1ttuse. The 
nodes, 1t w111 be ·seen, are not immovable, both 1na1de and outa1de 

the harbour, and this feature 1s generally true of all the- aeichee) 

largely because or the pbaee difference ot the sround-awells whtob 
enter the two channels ot the bay. 

It would ~admlttedly baYe been Te'l'J d1tt1oult in the de•1gn 
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ot the Duncan Dock to &Told creating a sounding box tor the 
external forced aeiohee owing to th~ density of their ocour­
rence 1n the per1od1c sequence of (43). But this 1s largely 
tbe inheritance of a wrongly-plaoed breakwater (p. 279). Had · 
all these facts b«ten known. bow9ver, even in the face of th1• 
bad legacy, when the layout ot the Duncan Dock waa planned, 
1t ml@ht have been possible b7 Jud1o1oua 'f&r1at1on ot d1m•ne-
1one to avoid critical resonant oond1t1ons and ao ha'ft pre­
Tented the woret featuresot Range-action. 

It ia, ot course, not only tbe fundamental oao1llat1one 
lonsttudinally and tran11"t'ersel7 that are ,;enerated 1n the 
Dunoan Bas1n, although these are the strongest. The h1gher­
f'requenoy external selchea also propagate tbemaelTea internally, 
aided by a oonG1derable desree of' oonourrence between their 
per1ode and the natural periods or the basin in tho higher 
modes of' oscillation. The b1nodal tre.naTerse ae1ohe 1a part,io­
ularly important ln this respect. tor ae we shall later ahow, 
1 t ts probably moN d1aturb1ng to ahlpp1ng than 1te un1nodal 
overtone. 

In the Viotor1& Basin the meohan1em ot the aot1on fol­
lows the same pattern ae for the Duncan Dock. Here there are 
more oompartments to aueta1n part1cular per1od1o1t1ee of oao11-
lat1on, but the h1Bheet-trequency ground-swells are_ not ot the 
same consequenoe in the immediate le~ or the breakwater owing 
to the damping ot their amplitud,us. Table IV (p. 257) will 
eerye to illustrate tb1a point, tor the trequenotea below 1.60 
minutes on November 6, 1944, are noticeably abaent from the 
bre~kwater-b1ght, although they are strongly 1n eT1dence at 
the opposite •bore. 

Aa the breakwater-bight constitutes a ventral loop or 
ant1node for moat ot the e~iohea of' the breakwater-shore ayetem, 
the V1otor1a and Alfred Basins are much imposed upon b7 the 
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lower rrequenolee. setobea ot mors than 3 mtmitea pel'lod tn t~ 
Alfred Basin, and 110-re than d mtmatea pertoa tn the V1otorta 
Basin, oauae a pwlp1ng ae_tlon or. unt•raal rt.ae and fall of w~t.J . . . s over the. ent.11"8 &l'9a of the dook (p. ,00), and wr, et.l'Ong eur1 
thl"Ougb the baatn entrances are o'bal'f:'ctenet.lo of \ht.a aot.1011 
(pp. 26, 68, ld). 'l'he equ1..alent etteo\ t~ pro~uo«t t.n tbe 
Dunoan Basin by all eelobee exo.edlng a -perlocl ot _a'°1at 11 mln• 
utee, no\al»ly the etroag eelobee tor the bay · of 11-2, and 26-33 
mlnutoa perlodlolty. 

To ootiJ)lete thla aummal'f there remalne to nter to the 
p,wertul denuding aottcm or ••lobes. mterewr t.be nod•• of 
ee1ohee l'Uft Into aballow water, aa they lneYlta~l• tend to do 
at lntenala on ehoallng beaebee, utJiemely j,owel'ful nrgee •1 
118 expeoted, oapable ot i-'POl'llng 'bed 11111,tertal of fflll1t1tn1 
wel@ht. and vol~ (p. 302). F•llffl&llJ .w.111 tbta 'be true of 
eelohes of lar@e amplitude whl~h are .resonant toreome ·tnlet., 
oo'ft, submarine tl'OU@!h·. or _ eubmel'@lt4. wlleJ alon@ a ooaet. Many 
an um,a17 bather baa been nepi to hle 4oom ·bJ tbt treaohe,oua 
oul'Ntite ot these nodal points, tn oofta and or.eke and ewn . 
alon@ open -ooaata. 

· . The author ffriturea to aeeer,t that tlM ao-oalled 'rip.. 
t1dea' ·or_ •tl'81gbt beaohea al'O meNtlJ eYldenoe or ·ooastal 
eetohee wltb tnotdent nodea. !ThereYer .a aode lnteraeo\e the 
ebore, pel'hape normally. but more pJ'ObablJ obllquel7, the be~oh 
elope wlll be found to be lewlled and the ••• to haw out a ·· 
oonve~. troniage tnto \be land (F1@8• 79). Wherever the ••10b$ 
le anttnodal. the beaob 1e'4'91• wtll be bl~er anci will appear . . . . . aa blunt promontories jutting_: into the •••• Thte aoalloplng of . . . . . . . . 

. beao~a may_ be o~~Md al~g almoe_t any sandy ooast.llnt . where 
the beaob material· ta traneJ)Ortable .. 
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At Cape Town where the Eastern Mole ie at right-angles 

to the ahore we !ind \be Paarden Eiland beach at the root of 

the Mole relatively unaffected by tho eroa1Ye tendenc1ee ot 

the se1ohee. This 1s undoubtedly because the numerous seieh•a 

are all ant1nodal at this point and scouring tendencies are 

mild. The eame sort ot thing ocoura at Margate on the south 

coast ot Natal where the eatest batb1ng 1s to be tound 1n the 

1mmed1ate lee or re-entrant angle of t,be rocky headland wb1ob . 

tlanka the beach on the aout.h aide. Yet another example of 

th1a 1s toulld at the R1Y1era beach near Hel"lll&nua where all 

bathing 1s extremely dangerous except 1n the r1sbt-angled 

corner where the rook-bound coast meets tho creaoent line of' 

the beach. 
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· Adnnoement ot Soienoe,(1891) • 
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CHAPTER XI V 

THE DESIGN OF AN ENGINEERING MQPEL., 

" 81:lppoae two aWlar ayatea, ot bo41•• oonaiathc of an equal 
amaber ot paniol••. and. · 1et the ooneapomleat partiole1 be 1illilar 
and proportional, eaoh 1a oae a7atn to eaoh in the other, and ban 
a like aituation ao111 theuelfta acl the aae gi"11 n.tio ot da1-
·1~ to eaoh otllera and let thD 'begin to aon aoag theuelnli ia 
proportiollal time•• anct 111tll lib :aotiou ( that ia. tho•• 1n ou 
ayatea uong oae aaotller, anct .tlloae 1n the ot):ler qawm aaong en• 
another). Ancl it the partiolea tha't an 1n :t• •- .87•'11 .. 4o not 
touoh · ou another, emept h the aoaenta ot nfieo1;1on, ur attn.ct, 

. nor repel eaoh other, enept ,ri th aooelerati.,.. ton•• tJaat an a1 
the diameter• of the oorreapondent paniolea inffraely; and the 
aquarea ot tile Tel•itiea direotly, I aa7 that the paniol•• ot 
thoae ayatema will continue to mow amo11g thea1el-vea with like JaO­
tiona aDd ia proportional thee" . 

Iaaao l1~n, 
--- ·Principia Jlathentioa., 

Book II~ (1686). 

104, The §ggpe or a . Rang-Act\on Jodtl ot: Table Bay Hflrbour. 
It ·1s necessary to return now to the early atagea of 

the researches on the Range phenomenon, when iti the cr1a1e ot 

the war, the author wae raced with the task ot proceeding at 

once witb the design and conatruc\1on or a model • 

. The autbor'e approach to the problem waa referred to 

briefly 1n Section 21 (pp. 65.-66). Tb.1• fortunately gave him 

an 1ne1ght into the fundamental nature ot the problem, and 1ta 

early recogn1t1on in t.h'ia way unquestionably enabled uny pit­

falls to be avoided. 

As recorded 1n Section ~2 ( p. 125), the author bad the 

benefit of 1nspect1ng the Range-action model of Table Bay har­

bour constructed by Mr. Oeorge Stewart at the Un1Teru1tJ of 

Cape Town, of seeing 1t 1n action and or asaeaaing ita chort­

com1nf!e. which were many. The atudy ot Darwin's book on 'The 

Tides' bad by then oonv1nced the author that the eeicbe• ot 



:,16. 

Table Bay aa a whole were lntimately bound up with the osc111a­

t1ona 1n the harbour basins, and that any restricted model. such 

as Stewart's, which made no allowance for the se1o~ee of the 

bay and introduced art1t1c1al •ea-boundar1ea 1n close proximity 

to the barbour, could lead to ent1~ly epur1oue deduot1one. 

The author tberetoro planned a model wb1ob would encom­

paea the wbole ·or Table Bay. To en9ure a reasonable size ot 

11<>del harbour. without making the bay too expanaiw. 1t wae 

decided to adopt a hor1zonta1 ·ao•l• o:r l inch to 100 feet or 

1/1200. For th1e a tloor space 52 x 41 teet ~s allotted. and 

1n tb1a th~ model lay-out wae accommodated ae ahown 1n F1go 129 . 

~ .general idea at tb1e etage wae that the DlQdel abould 

be capable or reproduotng, by meane of wan-paddlee •oro11a tbe 

two entnnoe channel• of tbe bay. the effects of ground-swell• 

entering the bay and tor.a1ng standing._..,.. -or ae1ohes 1n th• 

no1n1ty of the bal'bour. The early atud1ea retel'Nd to 1n 

Section 21 (p. 6:,) bad rewaled t~e exietence of 11 and 5}­

Jdnute oectllatione 1n the harbour, and the aodel was thereroro 

deetsned with tbe eaphasla · on w&Tee whoae 1111,Ye-lengtb would be 

gl"'9&t coapared· wttb the depth ot_...ater 1n wh1cb they would be 

propa91ted. As will be seen later. tb1a limited the uc•tulneea 

or the aodel 1n the atudy ot h1gb-frequency waYO effecta. or 

ground-awelle of leae t.ban lminute per1od1o1ty. This was por-. . 

b&pe untortunate, beoauae the subsequent . reeea.robea showed the . . 

im.portance of tbe higher frequency oeo1llat1ons 1n their ef­

fect• upon •h1pplng: at -the aame t1 .. 1t waa unawtdable with­

out planlling a aodel on a nry 11Uoh more aabttioUfl aoale. 

In tbe 1_1ght of the aubaequent 1nTest1gat1ona and ex­

_pel'1~'8. there ta southing to be ••1d tor having had a eull 

ano1llary model tor the eeparate etudy of btgb-frequency wavee 
. . 

wh1oh do not tall 111 the ground-swell category. such a •odel, 
bowewr • would be dependent upon · the correot re.production or · 
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the high frequency seichea in the breakwater-shore oeo1llating 

ayatGm, which m1 f$ht be a1rr1oult to s1~late by an7 other means, 

ultimately, than by the free play of tho waYee 1n the bowl of 

Table Bay. 

lQS. The Cond1t1ona gt Pxnamlcal s1m111r1ty fQr the MoSStl~. 
Aa the mode~ was deaign~d tor. the apec1tic pu.rpoae of 

reproducing the wave-pbGnomena ot the prototype bay and harbour, 
some cona1derat1on of the pr1no1plee or a1m111tude as aftecttng 

th1s iaouo 1s neoosaary here. 

A correct reproduction or natural phenomena on a model 

scale requires that the model should be dynamically a1m1lar to 

the prototype. Buch a relationship demands that the model ahall 
not onl7 be s,,ometr1cally e1m1lar to the prototype, but shall 

continue to remain so throughout suoh rea~ct1ve motions aa 

me.1 take place. 

The model will be geometrically a1m1lar 1t oorreapond1ng 

elopes at corresponding po1nta are 1dont1oal: 1t w111 be dy­

nam1cally a1m1lar if oorreapond1ng toroea 1n the model and 

arobet1P9 boar a t1xed ratio and are a1m1larly aituated and 

s1m1larly directed. 

It s, d, t, c, m and / are reepect1 Yttly d1mene1one or 
horizontal and Titrtical d1stance,t1me, Yeloo1ty, 11&as and force 
1n the model ayatem, while S, .D, T, C ., M and F are the cor ... 

responding dimensions 1n tbe archetype; and if the d1ilena1onal 
ratios are respectively: 

¢ the tolloring worir:11 ... n apeoitioall7. oonaulted troa the ""'17 ertenaiTe 
'bibliography arulable1 I..eY7, 'Pri.noiplea of Dynamioal Similari~', 
Gla1ebrook'• Diotionazy ot Applied Phy'doa. (London), .1922, [104], To1.1. 
pp. 81-961 Banldne, 'lxpr,rillental nuid Dyu.aioa applied to lngiuering Praotioe•, Engg. Feb., 194,, [106], pp. 168, 1771 Gibaoa, 'Tidal an4 
Ri-.er Modela', J. ID.at. 0.1., Vol. 3, 193608, [106], pp

0 
699.722; 

S~toa, ~Engilleering leHaroh' ,Proo. I.C.E. ,Vol.232,19~0...81 · fl07]. 
pp. ~6-a J Groat, 'Theory ot SWlari tJ- and llod•l.•' , fnn1., 
ASCK, Vol. 96, 1932, fl08], pp. 27$...·388; a.110 arttolec in']Jpril\llio 
Laborator, Prao\ioe' , .&SB, lin York) 1929, [109 J, pp. 769-817 • 

• 



( 1) 

( 11) 

( 111) 

( 1T) 

%· = (T~ 

d/D= 8, 
~/r= T, 
Ye= Y, 

318. 

- ------===:,,a==--====-(44 

(v) "}ft,= .f- • 
(vi) 1/F = r' 

then between the moYing forces and the accelerations of the model there will be relat1onah1ps, for horizontal and vertical aotion respeot1Tely. of the form 
n1 og.s -/ ; .,.,.1 ?J?i - / . .'eta - ' rn ·~ -

and or the tull-mcale regime · 
. A~ <J2S - F . M o2.D = F (1ft. oT.2 - ' . -<>T~ 

By the uao of equations (44), the model equatione ot motion aay be expressed aa 

( /:!fl:) M. ~ = F. r.r) t2-/· ·. .tJTa < .. / 

(#). M. ~ = F./J') z-.2 ?JTZ ( .. ) 

The motions 1n tho aodel will then be identical with the 
motions 

( 1) 

( 11) 

1n the prototype, 1t 

z:-2 = ( T )-er 
~= CT).t 

S1nce tbe wave motions with which we are concerned 1n'T91Te only grartty forces, etf'eota or T1acos1ty botns unimportant, .f = r , and the oond.1 tion tbat the motlona are dyn&m1callJ similar 18 therefore: 

-----=-=-......_(45) It we 0011pare tbe two ay•teu at oorreapond1ng apeeda, we ba.e. troa energy cona1dorat1on•, relat1onah1pa in tho model of the torm .r · . - -'- 2 ;pS - 2 m.c 



and in the prototYJ>• 

and by using equations (44), these relationships can be 

shown to be identical when 

• 

---·-----=-(46) 

Equations (45) and (46) g1Te the time and "teloc1ty 

scales, in terms ot the linear acalea or the model, as the 

necessary oond1tiona for tbe tult1lment of dyna•1cal and geo­

metrical aim1lar1ty. Either ot tbeae equations by it.aelt 

would really be auftio1ent to express the condition, tor th•y 

are tranamutable with the aid or (1), (11) and (111) ot equa­

tions (A,4). 

Now, the Tolocity ot a grartty wave 1n tho aodel or in 

nature 111 ~Ten by equation (1), (p. 107). Ue1ng 1ts •rtant 

( 4) and squaring, we h&Te tor the model 

c 2 ·== (9/tz). tmh 'l.d 
and tor the prototype 

C
2
= (9Ay).tanh QD 

where 'l and Q are given by equation (3), (p~ 107), aa ap­

plying to the two •yetema. Since % = }fr , and o/iJ = 3 , 
the ratio of veloc1t1e11, aquared, becomes 

( .£ }:z. = ya = <T. tanh QD{2fr2 
,CJ tanh (fD 

_.,,,,..,....,-=-=-..........,,( A7) 

It 1a Tery clear trom equations (45), (46) and (47) 
that perfect dynamioal e1m1lar1ty be~ween model and prototype 

in W&Ye-pbenomena will be poaa1ble only 1t there te perfect 

geometric a1m1lar1ty, tor which the horizontal and Yertical 

linear scale ratios (7' and a must bo equal. 

Using equation (5), (p. 107), as applicable to model 

and archetype, equation (47) may be 

~a. = t:r. · ta.nh QD . 
'tanh ~D{J'/oy 

resolved into 

' 
_______ (48) 
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wh lch, of o.ourse, again only sat1ef'1es ( 45) 1f (7'::: J • 

106, Tb, Qho1 ce or sc.a1,s tor the Uodel, 
Ae &~ready mentioned, the horizontal linear scale or the , 

model, O"= k/1200, wae conditioned by the available floor space, ' . I 

the size oflTable Bay and the neceaa1ty for haT1ng a model har-

bour ot ·rea~onable size tor the detailed exper1monta that would 
f be neceesar7 w1tb1n it . 

J Tho -dopt1on ot the same scale in the vertical d1reot1on, 

as requ1redlfor perfect dynamical a1m1lar1ty. would b&Te glnn 
I 

a depth of water 1n the model harbour of less tb&n balt-an-1noh, 
I 

l 
which wouldfhave been wholly inadequate tor any usaful purpoee. 

\ . 1 The 1ntroduct.1on of sonie degree of d1atort1on .1n the mode to 

gain auft1c1ent working depth of water,. was therefore unaT014-

able. 

One of the tactora influencing th• choice . of the wrt1.­

cal scale was the method to be used 1n tbe •aaureaent ot the 

W&Ye disturbances in the model bae1na, which, as w111 be seen 

1n due course, 1nwlnd the 1mera1on ot small a1r.;.0711nders 

ot a hetgbt of lj, 1na. Yet another factor waa the resulting 

Y&lue ot · tbe nominal t1me-soale. 

Prortded the wave-length ot the waves 1n the model le 

autttciently large compared with the depths to Juat1ty the 

approx1m&t1on that tanh fiD(<f/r;:J= ~D.(ffl , equation (48) 

reduoea to 

_____ _,__....;.;.. __ ,( 49) 

I 
and the nominal tlme-aoale le Z- = 1200. -IJ' • 
.___ .. , .-.:.a..••-.. . .... -.-~- ·• · :,,,.,c ~ae __ ..,,_._...,...._, ,. _____ ...,. _ -"•tJ ·---------= 

$ 

· !o onrooa• aoae ot the diaad'ftlltage• iDhennt i:a waw-a.otion aodel• 
with ditterent horizontal and nrtioal acale1, the Cider Ciril Bngi­
DNr, »r. J. s. deV. von Yfillioh, nb1equentl7 -d• the rather in- 11 gesuou1 augge1tion that the horisontal and Tertioal aoale•, O'"' and o , 
•hould be di•torted or made nriable in order to aake the right-hand 
aide ot eauation (48) a ooutant ouantity. Thi• wt'Nld ellm.u.te die­
tortion ot the tiae=aoale, although it W011ld fall to •atiaty eauation 
(t7). Up to the pre•ent J10 praotioal iapleaentatloa ha, been gi~n 
to the idea. 

: 
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A 11ttle consideration will show th&t the selection 
of a vertical scsle or l inob to 12 feet or () = 1/144 waa 
almoat automatic to ensure a conTen1ent nominal t1me-acale 
of Z-=1/100. A time-s cale or 1/80 would haTe made 3= 1/225 
or l inch to 18~ teet ~ which would ha-n, g1Ten leea than 2 
tns . ot water tor a 36 ft. depth 1n the prototype harbour. 
Any larger time-scale would haTe made the poa1t1on worse; 
arr,- leaser time-scale up to 1/100 would have yielded an 
awkward vertical scale, while any t111e-scale ••llor tb&n 
1/ ioo would merely have 1ncreaaed the d1etort1on. 

The wa1Ting of the pr1nc1plea of a1m111tude by dia• 
tort1ng tbe model 1n this way may seem to be the TerJ ant1th­
ee1a of sound model-technique, yet 1t le often, or neoes•1tJ, 
r esorted to and frequently round to be of leas conaequenco 
t han m1gb.t have been expected. provided euitable precaution• 
a re. taken. The nominal distortion may be oons1derod to be 
t na ratio (t) o Table XII g1Tes some record or tbe co­
efr1c1ents ot distortion 1n several well-known tidal and 
~ava=act1on models in compar1aon ·with the Cape Town model. 
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Table XII: Coefficients of Distortion of Tidal C\nd ""ave-4.ction J~onels • 

A.uthor • Model Mopteii Scales Co~f'f't 0 or or 
Labor- Peature Modelled Type Horizonl. Vertical 1)1,stortT1 0 11.tory 

1/(J' l/G S/fJ' 
a) Osborne Mersey River Tidal 31.,~00 ~60 33 

Reynolds (1B86) 10,600 396 !'1 

b) Verno». Seine ~etuaey Tidlll 400000 400 100 
(1888) Harcourt 

llersey Estuary Tid11l 300000 600 60 

o) Gibson sev,,m !stu11.ry Tidal Fl9600 100 86 
(1926) 8.600 200 42 

d) Ko.Clure Bombay Be.rbour Tidsl 7,296 96 16 

•) El1de11 Rangoon Harbour Tidal e11oso 192 42 

t) Ulen Mersey Eutuary Tidal 800 120 ., 
(U130) 10040 190 37 

g) >\llen Dee Eatuary Tidal s.ooo 200 26 
40.,000 400 100 

h) Allea Bridgw11.t11r Bay & Tidal ;s0 000 260 12 
River Parrett 

k) letherland1 Leith Barbour, W11ve 180 180 1 Hydraulic, Laby. o Firth or Forth Aotion 
Deltt 

1) Bit.rrillon Tamat~ve Barbour Range 600 100 6 
lladag,uoar (1936~ A.ot1on 

m) Bydn.ul1o Laby. • Lo, Angeles Ha.J"br. Ran~e 1 11000 300 6 Calif0 InetoTeo~, California.(1944) i\otion 480 240 2 

n) u.soflaterways Monterey Harbour Range 100 100 1 E-q,eriment Stat11. California 0 (194?j Action 
Vicksburg. 

o) Range Laborator, 0 Table Bay Barbour Range 1.200 144 8 
Cape Town ( 194:~) Aation 

-
* a) GOn Certain Laws rel&ting to the Regime of Rivers ~nd ~stu,ries 0etc . 0 

Papere on Meohanio11.l &nd Physical Subjeots 0 (CIIU!lbri~ge),l901, r110].,_ 
Volo II 0 Po326o 

b) 

•) 

f'gh) 

le) 
1) 
•) 

11) 

Ol>rinciplee of Tn.ining Rivers thro1.1;h Tidal ~stuariee',, 'Proo 0 Roy 0 Soo
0 1 Volo45» 1888-9 0 [111) 0 PPo604=624o 

•construction and Op&ri,.tion ot" Sevi,rn Tidd Model O ~ (Lon<!on) .,_ 1933/U.2] 
0 Bombay Harbour Surv6y and Tid11.l ModelQ, Proo 0 Inst 0 C0 E00 Vol 0 232

0 19;s211fll3]0Po66 0 
0 Inveoti~ation or the 011ter A!)proach Channels to the "ort of Ritngoon 
by Jlea.ns of II. Tidal Jliodel 0 

0 Jnl. Insto Co~oo J,1ne 0 1939
0 fll4]

0 p
0 3

0 oscale Models in Hydraulic Bngineering 0
0 (London) 0 1947 0 r116J

0 PPo 246=2840 
Cf 0 ~llen 0 (ibid.) 0 fll6] 0 pp. 304=308 0 

L0 0 0 (ante Pa164) 0 f76]o 
9 Wave and Surge Study for the Naval One~tins B~ee 9 Termin~l lslcui~p 
Cdiforniao (Califo Iusto of 'l'eoh.,p Paaadeu.)p JJtno~ 1945., ruaL 
0 Wave and Surge Action( Monter9y Harbour9 Monterey0 California 0 P 
Techo Memoo Nooi=~Olp "'Vaterwaye ~-xperimi,nt Stationp VickAbur~)

0 Sept
0

, 1949 0 [111] 0 



There are noticeable d1ff'erenees in Table XII between 
the coett1cients or distortion that have been used 1n tidal and 
W&Ye-action modctle. Tidal models, of course. are ,,aye-action 
model• in an extreme ·aenae, since t1dee are wayea ot great 
length, and they are usually constructed tor the purpose ot 

. . 

etudy1ng the effects ot tidal ourrenta on acour and a1ltat1on. 
W&Yo-actton aodela are U81l•lly oonoemed aore wt-th th• aeasure­
aent of wave-heigh.ta and critical trequenc1ea. Bllt the coet­
t1c1ents ot distortion g1wn 1n Table XII are perbapa not a 
true refiect1on on the actual degree of d1atort1on 1n the models 
as tar as the 1nterpretat1one of wloo1ty and t1ae are ooncernea.. 
To understand the position better, we shall need to oonaider a : 
few s1aple examples. 

1Q7,· The Etfeet\!! P\1$Pr:t1on et the M94tl, 
·On tbe baa1a tbat the W&ft•len~ba -o,f the wa••• in the 

model are alwaya great compared with the depth of water 1n 
wb1chtbey propagate, equat~on (47) approx1matea to 

____ -"'!"" __ ,_ __ (50) 

wh1cb tn reepect of all horizontal 1ll0t1ona in the model repre­
aentcr · a d1etort,1on ot (j)trom. oond1t1on ( 46) to?> perfect dy­
namical e1m1lar1ty. The taotora ot distortion in equationa 
(49) and (50), howeYer, Nfer to the wso or a time acale or 

r=~and a Teloc1ty acale of Y= v';J= , whereas in actual 
praet1ce we employ the time and Yeloc1ty acalea g1Ten by (49) 
and (50) in toto. 

Thue in· tbe case of the Table Bay Harbour model the · 
true d1etort1one of time and wloc1t7 11ea1urom.enta w1ll be 
relattTO to the reepect1ve acales of 1/100 and 1/12 adopted 
tor tbeae quant1t1ee and not to the scales ot 1/34.63 tor each. 
that would apply 1f the model bad a uniform linear acale ot 



<r= 8 = 1/1200. 

we have then to enquire what the etrects or this d1s­

tort1on will be on the interpretation of wave-phenomena when 

using the adopted scales (49) and (50), as compared with the 

correct wave-phenomena that would be reproduced 1n a perfect 

model. 

To crystallise our ideas on this subject, we may con­

sider the fundamental long1tud1nal oscillationa in two models 

or a prototype rectangular basin, 6000 ft. long and of a uni­

form depth of 48 ft. Model A, built to the scales ~=l/1200 

and S = 1/144, is distorted; model B, to a uniform linear 

scale er=. a= 1/1200, 18 dyna~1call:r e1m1iar to tbe proto.type. 

Both model basins would be 5~feet long, but A would contain 
. . 

water 4 1na. deep as against only 0.48 inch tor B. 

It we disregard any aurtaoe tension. tr1ct1onal errecta 

or other complications that might arise ln model B because of 

1ta Yery shallow depth ot water, we may calculate the per1o4a 

ot the fundamental. aetchea 1n each model-basin as the7 are 

likely to be tound exper1ment~lly from equation (18), (p. 237). 

Thus bae1n A will oscillate 1n resonance with a period of 

3.053 seconds; basin Il.w1th a period of 8.815 seconds. Aa 

the time scale of A is 1/100. while that ot B 1s l/34.63, each 

model records a critical per1od1o1ty 1n nature or 5.09 minutes, 

which 1s the natural period of the prototype basin. Despite 

1ts distort.ton, therefore, model A ·baa proTed itself the equal 

in et't1c1ency o.t model B, and the ettective distortion of t1m•­

events 1e nil. There ts a necessary qual1t1cat1on to th1a 

result, howeTer, 1n that the d1atort1on 1s nil only so long 

as the length of the model basin A 1e large compl\red wiih tte 

depth ot water. 

The meohantsm ot bow th1s rather aurpr1e1ng reeult baa 

co• about •1 be better understood tn general1aed tel'll8. Any 

t1me event tn a model 1nwlv1n~ waYe-motJ,on can b-. N~t'f"!f.-.".\t~4 



by the equation 
s 

t'- s - -:======-- c - v'(9/f)tarih qd 
s.~ 

____ (51) 

-
- f (T'( s/ti) ialn ~iJ< o/qj 

which can b9 considered to apply to Model A tor any type of 
wave ot .nloc1ty c, ginn by equation ("1). (p. 107). lfodel B, 
which ta. dynamically s_im11ar to the prototype, for wh1cb O""=/ , 
will record tbe same time eT•nte, aa 

t = 
S.cr 

____ (52) 

To obtain ~be equ1-,alent time or the eTent 1n nature, reeult 

(51) tor model A muet be ·d1T1ded by tta· t.1me-•cale, ~ • 
Similarly, (52) muat be d1T1ded by tbe t1me-acale tor model B, 
na11el7, /d'~ Performing tble operation, and denoting ~ and 

i as the equi'Y&lent t1mea 1n nature, we obtain: 
Sv7 

-r= f cr.~)tinh $'(~ ____ (53) 

and 

~= 
s s = -

C ____ (54) ( (9/<y)tanh (yD 

The undistorted model B g1Tea the result we desire, the 

true t1me or the e'Yent 1n nature. Model A w111 only give ua 
the sit.mo result so long aa the hyperbolic tangent in the denom­

inator or cs,> 1s email enough to Justify the approximation that 
it may be replaced b7 ~l){~). and th1a only happens when 
the waTe-lengtb ot wayee 1n the model 1a large compared with 
the depth. ~or then, 1n both cases, (53) and (54) reduce to 

7:=?;= s :::~ ,, u .)WC 
and the d1atort1on of model A 1& nil, as we found it tn the 
numerical example. 
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In order to make the distorted model A gi Ta true re­

aulta in all c1reumstances a factor of correction muat be 

applied to the experimental results ma interpreted by the 

nominal time-scale, ~ • Thua (53) w111 be identical with 

(54) if we correct it by the factor 

----==---< 55) 

The inverse of (55) g1vea the· ratio of the model t1me8 

(converted to natural conditions by use of the nominal time­

scale) to the true natural times. Thus, 1f ~and~ are 

reepeetiv~ly the prototype ~1-~es 1n_the model and 1n nature, 

and, for conTenience, (PO. and ~ are written 

( 1) 

(11) ____________ (56) 

1-t-· :-no(_\_«__ - ·- • 

=II +1f(¢2~o-
approx1mately.~~<57) 

The true measure of distortion is now d1acern1ble from 

equation (57); being the extent to which the quantity under - . 

the root-sign exceeds unity. The importance or keeping~ , 

the nominal coefficient of distortion, as low as possible 1n 

· wave-action models is now apparent, and we sec also why it 1a 

permissible to allow ___ so __ much __ la~ger _coeft1c1enta or __ d1stort1on . 
1n tidal models, since ci. · ror tlie latter 1s so much smaller a 

quantity. • 

;) Aoourate uUiilerioal oaloulationa and fraplul ot eorreottonis tor the 
Table Bay Harbour model, baHd on th • equation, were a.de by the 

·author'• aaeiatant, Mr.~. c. ~. Jooatiug. •• an ori~inal oontri­
bution to the reaearoh. The diaouaaion ot diatortional erteota. 
here giwn. la, howenr, the author'• own. 
The aame rellllt haa •l•o been g1..-n by Carlotti 'Contribution a l'etude 
de la Houle au Toiainage dee ootea•. Lallouille Alanohe,BoT.oDeo.,194? 
[r21J, pp. 469-teo. · 



The etfecta or the distortion upon the measurement of 
veloc1t1ea 1n the model may be analysed in a similar way, but 
has not here boon undeli"taken, becauee no quantitative measure­
ments ot velocities were made in the model or prototype (cf. 
Section 26, p. 77). 

The extent of the distortion of time-events in the model 
ot Table Bay, tor the adopted sc9'.les or <r= 1/1200 and $>:::­
l/14A, may be visualised in a diagram or the type of Fig. 27. 
Thus Fig. 130 gives an enlargement or that portion of F1g. 27 
that 1e applicable to the model, baTing regard to the fact that 
the maximum depth ot sea-bed 1n the area modelled was 120 feet. 

-In the depth& ot water in the prototype Table Bay, all 
wavee of perioe1a f'rom 10 minutes down to 30 aeconda are ground­
swells, and are represented by straight lines such as AB 1n Fig. 
130, which oorreapond to the per1od1c1ty-11nee 1n the shaded 
zone. or Fig. 27. The effect or the model d1etort1on, howeYer, 
1a to Uke the corresponding waves 1n the model imperfect ground­
swells, or ground-swells in which there is not the same unirorm-
1 ty · or boriz~ntal mo..-ement o_r the water-particles trom the free 
surface to tbe model-bed. The net result 1e therefore a dis­
placement to tho left or the di&Sonal lines or Fig. 27,.wh1ch 
give the rat1oa or bottom-to-surraoe horizontal movement, as 
shown in F1g. 130. The per1od1c1ty-11nes ror the model are 

-correspondingly shifted and appear in ~1g. 13P as dash-lines 
auch as DC. The extent to which theee 11nea then deviate from 
their equivalents in nature, retlects the true distortion of the 
model. 

As may be seen from Fig. 130, the d1etort1on of the model 
1s negligible tor long-period waves, but increases progrese1Tely 
a~ the periodicity decreases, be1ns quite cone1dorable in deep 
water tor wavea ot :,a eeoonde period. The ebaded or stippled 
portion ABCD ot the diagram, however, represents the actual zone 
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of exper1men·tat1on 1n which the model was mainly used. sur­
raoe-tens1on was found to play a large part in preventing the 
satisfactory propagation of waves of period0 leas than about l 
minute. and h1gb-trequency wave-effects ware therefore not 
studied; hence the lower limit of the exp.,r1mental zone DC. 
waves of periods mucb 1n excess of 10 m1nutee could aleo not 
be reproduced sat1sfaotor1iy because of th, 11m1tat1ons of the 
paddle-machinery in providing sufficient amplitude for their 
proper development: AB thus correeponds to thia upper limita­
tion. The remaining l>oundary BC of the experimental zone de­
fines the limit of depth ot water 1n which experiDlfJnts were 
made in the vicinity of the model harbour. Within tbe zone 
of' experimentation ABCD, therefore, it will be seen that the 
d1atort1on was not cr1.t1cal, and the truth of th1s. we bel1en, 
1s reflected in the excellent correspondence between model re­
sults and the measurements of' the natural phenomenon, as given 
1n the last two chapters. 

10Q, Poa1sn or in, wave-Paddles. 
One of' the first oons1derat1ons 1n the design of the 

model concerned the type of wave-paddles to be us<td. 

It w111 be ev1d~nt from F1g. 130 that the ratio of 
bottom-to-surface horigontal movement in the waves with which 
the model waa ult1matel 1 teated varies from 1.0 to about 0.5 
tor wave-periods from 10 minutes to 1 m1nut6 respectively. 
The dea1rab111ty of imparting corresponding horizontal move­
menta to the water at surface and bottom Tia the wave-paddles 
largely 1ntluenoed tbe aut,hor to oo.na1der vertical paddlea of 

I'.( the push type, such as bad been used by Bagnold 1n hie exper-
iments on wave prt'J'asurt1e. and 1j;y the Netherlands Hydraulic 

$ 
'Interim Report on Wava Pre1aure Reilearoh', Jnl. ln1t. C.!., June, 19:59, [118], P°9• 202 ... ~28. 
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Laboratory 11t Delft fo r its study or wave-action 1n Leith 
G 

harbour. Scotland. 

In both these c~ses the paddleeboarda were mounted on 

rol l e r.~ -~:t -.tlletJ·~ .- Pt;IS.~ ,,~pd ~e~ .. Jlttl<l -'~qt 9f.:&_t. _thf:! desired 

inc l ination by two bin ged links connect1n{! w1th eccentric~ or 
,,, 

oscillating levers · • A eomewhat s1m1lar arrangement was plan-

ned on paper in the first instance for the Cape Town model, 

but the magnitude of the calculated load imposed· on the driv­

ing machinery through t he mere necessity of holding the paddle 

erect by its connecting links, led the author to modify the 

arrangsment to that shown in Fig. 131. Here it ehould be ox­

plainod that the author. had at this stage ·v1sual1aed employing 

a disc, ball and roller type ot speed-control in the powor­

dr1Te to the we.Te-paddl es, on which device it was desirable 

to keep the load ae low as poea1ble. 

The wave-boards wen designed 1n ae·ctione 6 feet long 

by 20 ins. wide· or clee1,, for suepons1on by end-trunnions on 

triangular bearing plates, forming part of over-bead-supported 

paddle-carrj.ages . The latter were tllOunted on flanged wheels , 

which rested in turn ou the bottom ·r1a.ngee of Tee-ra.1la, 

forming part of the main paddle-frames. Links connected the 

top-centre of each _wave-board and the centre or each support­

ing carriage with opposite ends of a crank mounted on a dr1v-

1ng shaft. which extend@d the full length of the pa~dle frsme. 

Thia shaf't,was connis:cted .by ee~i.e erank and connecting-rod 

w1 th the dr1 ving ecceni;r1c, and was g1 ven .in consequence an 

oscillating to-and-fro motion which varied 1n magnitude with ------------ ------------,to,&:.·-··____,...,~ .. ,. . .__----'Report on Model ReHe1.:rohos tor Leith Harbou:t'; of. All~n, (l.o. 
ante p. 322), [115], p . aos. Copy of the Baport wan made available 
to the au.thor through the courtesy of the Hollandso Aanneming _ 
?laateke.ppij, S.A. (1Uondonu1), Beperk. _ _ 

·, Thie type seemed more desirable for reproduction of _g,round-swellt 
than wave-generators or the plunger-type, even though the ~~mt,tarat1ve 
experimeiata of the Benoh Erosion Board, 1.fashington, -n.co, on differ­
ent typei(avoured a el oping-faoed plunger for high-frequency wave 
production. Cf. Brown, 'Studies of Beach Erosion', E.:R.R., Vol. 
120, Feb., 1~38 [119] 9 p. 299, . -
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the degrGe or eccentr1c1ty adopted. The general~arrant,taent 
.,,,..· is clearly v1a1ble in tn ·e ·· photo·grapba · ot- the··oompleted pad-

dles of the model, (Ftge. 132 to 134). 

In this aase•blJ, the oeo1ll&t1ona ot the dr1v1ng ah&tt 

are imparted to the waT,•boarda bC>th aa a t.ranelatton (via 
the paddle-carrl&see) and a rotation about their cent"9e ot 
gravity. Th• reaultan·t monment ot a paddle-board le there­

rore equ1'Y&lent to a rotation about aome other axia than 1ta 

ax1• or auepene1on. BJ suitably varying tbo lengtha ot tbe 

links, 1n relation to each other. and ot the crank-al'IIII, the 

etfect1ve axis of rotation ot the wave-board 11&7 be made t,o 

lie above or below the •otual azia ot auapenaion. In addition. 

the arrangement permitted of a paddle being g!Ten either a 
· pure puah-pull 11otlon ot tranalatlon, · or a pure rotation about 

its trunnions. 

W1th a Tiew to reducing the OYer&ll •ize and expeaae 
or the model the paddles were or1glnally designed as fixture• 

1n the entrance-channel• (F1g. 131), their d1reot1on h&Ting 

been determined 1n accordance with the 11hape ot the coastline 
or the bay and the ahape or the aea-bed. Subatanttally t.h••• 

• 
d1rect1ons were at right angles to the axes ot the natural 

channels between Robben Island and the mainland. On the auth­

or1sat1on ot the Chief C1rtl Engineer •, however, proT1•1on 

was subsequently made, before tbe model was oonatructed, tor 
paddles wh1cb could be slewed to allow tor an alteration of 

wave-direction. .,, 

Aa a reaul t ot the graphical atud1ea ot W&Te propaga­

tion, featured 1n Figs. 101 to 107, 1t was found po•s1ble to 

aoooamodate almost any direction or approach of awell from the 

outer ocean by a 15° angular var1at1on either way trom a aean 

11ne Jo1n1ng Mou1lle Point on the mainland with the aouth-weat 
0 

•ro J. S. de V, YOD Willioh. 
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corner ot_ Robben Island, ~?~ .. :ti:?~ .1!.es~~ ~~nnel, and a s1m1lar 

-.r1mt1on e1tber way from a mean line drawn from the aoutb-eaet 1 

corner or Robben Island 1n a direction 60° west ot not-th, tor 

tbe north channel. 

Thie degree Pt slew waa accord1nf5ly provided for tbe 

wave-paddles by JROuntJ..ng tbe meohan1sm already described on 

paddle-tram~• (Fi~. 13!i.) !" which were carried on flanged wheela, 

running on cur-nd ra1la an"- cent~ed b1 pivots at the re-entrant 

angles ot tho boundar, .alla ot the paddle-wells, (1'1g. 129). 

Tho srrangem~nt 11! clearly portrayed 1n Fi gs. 132 to 134. Aa 

•Y be ••en trom the latte.- photographs, the west-channel 

paddle oomp:r.\aed tour sections or w&Te-boards~ and the nol"th• 

channel paddle. three. The 1nd1v1dual seot1ons were all identi­

cal and oouln bf9 maaa-i,roduced tor ul ttut-e mounting on _the 

paddle tramea 11 a teature which aaved much time 1n conatruotion 

and aaae11bl7. A tur\ber ad.,.ntage ot dee 1gn1ng the wan-boarda 

1n aeotlona wa• theyartable adJuataent 1t permitted along t.he 

length ot tbe ~4dle. '!'bus, the movement ot the end-aect1om 

could be mad"' smaller than that or the central aect1ons to ao­

cord with t}M) weaker ewell-moTements ar1e1ns trom wave refrao­

t1on 1n the aballower l)Ort!ona ot tbe entrance channels, near 

Robben Island and the ma.1.nland. 

109, The Pa4,s!ltf'DX:1Ji~!uJ.f11i. 

The 1dea of developing a mechanical device ot th• d1ao, 

ball and roller ty,p• tor apeed-control or the waTe paddles a­

rose from a study ot a book on mecbanlau , which waa prompted 

by the dea1i-e to obtatn aomea1aple method ot regulating tho 

pei-1od1c1ty ot the paddle• witb the widest possible range ot 

speed. Thia particular meoban1am ·ortered aena1t1ve control 

• J•11••, • Ingen.lou• Jleohani .. • for Deaignera and IllTentora' • C•• Tork), 
1-9~, [120J, Vol. I, pp. M8•9. 
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over a range of sp0eda from absolute zero to s designed max~ 
iaum and seemed eminently suitable for th@ purpose if it 
could be applied ·to trans·mit the requisite amount of power. 
Despite the diffidence expressed by a number of people 1n tho 
ability of a point-contaot frictional tranamisaion to oporato 
large wave paddles against a fair water resistance, the author 
waa conf1dont that the dev1ce cou1d be made to work. Ho 
therefore designed the transmission shown in Fig. 136, for 
an ultimate power capacity of about 2 HP. 

Thia deT1oe 0011rbined an adJuatable eccentric with the 
speed-control, the former being apec1ally designed to act aa 
a f1ywheel tor abaorbing and supplying energy against the 
wriable load of the wave-paddle. The original intention 
was that this mechanism should be coupled with synchronou• 
electric m.otore of' about f HP capacity, wt .during the ·war 
anything in this line· was quite unprocurable. and 500• TOlt 
s1ngle-pba•• motora developing 1.8 HP at 1410 rpm bad to be 
used instead. 

The pulley oh the d1sc-abatt of the epeed-eontrol waa 
conneoted by V-belttng to reduction gearing. and waa therefore 
direct dr1Ten by tbe motor. Th• movement of tho disc. which 
remained constant, (eubJeot only to minor tluctuationa 1n the 
speed ot the motor) waa comumnJcated to the roller through 
the medium of the steel balls, whose poa1t1on could be varied 
to increase or d1m1n1ah the rad1ua of contact on the d1ec. 
A band-wheel and looking acrew facilitated fine adjustment 
or the twin balls, and the amount ot presauro, (and therefore 
power) tranam1tted by the diac to the roller was controlled 
by a 200,.b. capacity apring, whose compreasion could be regu­
lated also by handwbeel and 1ock1ng screw. It will readily 
be aeen that by suitably setting tho position of tho ball• 
in relation to the disc, tbe speed or the _ roller, and therefor• -~--
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the driving eccentric, could be varied almost 1nf'1n1tes1mally 

between zero and absolute max11IWI speed. 

The apparatus, aa finally constructed and installed, 

may be seen 1n detail in Figs. 137 and 138. Fig. 138 ahowa 

the adjustable eccentric, a feature of which was the automat1o 

balancing ot the connecting rod and crank-p1n for any eccentric 

radius. Eccentric rad1ue was adjusted by unlocking the clamp­

ing nut on the crank-pin and turning t.be screw-abaft, wb1cb 

may be seen 1n Fig. 138 lying d1ametr1oally in the plane of 

the flywheel. By means or opposing threads on the screw abaft, 

the counterwe1gbt was mAde to mov~ an equal distance 1n or out 

from the tlywheel centre to balance the setting or the crank­

p1n. 

The paddle•dr1v1ng machinery waa mounted on a atand 

oarrted on three rollers. as ahown in F1g. 1:,9. I-t was 
' . 

coupled to the paddle-f?'i111l8 by •••na of angle ties eo that. 

· the dr1 vlng machinery turned about the same pl 'f'Ot as the trame. 

Thia enaured a fixed relat1onsh1p between the maoh1nery and tbe 

paddles tor an7 d1rect1ona~ setting of tbe .paddle•fra.mea; at . 

th• eame time 'the paddle· tramee were rel1eYed ot the very 

hea'YJ' weight ot the drt Ting machinery. 

Tho necessary pulley driYea, oounterabafta and reduction 

gearing were ali aooommodated w1tb1n these stands, as Fig. 140 

aakea clear. Fig. 141 is a photographic 1mprsaa1on of the 

complete assembly or paddle-driving maoh1nery, which may be · 

seen also, in reiatton to t.be pad(l'lea as a whole, 1n Figs. 132 

to 134. 

'!'he ·~d,tl•-·t1·~:i"l'".itig lili&uhi,1ery was found 1n practice to be 

eminently au~t~b'le for the purpose fo~ which it was designed. 

One part1cula~'ly ad-.nta.geoue fea~ure ot' the speed-control waa· 

that eenatti·vis,y e,t lii}*od .... auj'tl!Stmeat incre&eed with the roller-



spesd ( or wave-frequ!Dnr,y), owing to the retract-ion of the 
ball=carriaga to 1ncreaa1ng . diamet0re on the disc. Two sets 
of gears were, nevertheless, provided, one for normal working 
in t he range of wava=per1ods from lf minute (in nature) up­
wards, and the other f or h1sn-speed working. The normal disc­
speed was about 30 rpm, and full retraction or the ball-car­
riage to a diameter or 8 ins. gave a roller speed of 80 rpm, · 
or a period per revolution of 0.75 eecond, equ1T&lent to l! 
minutes in nature. For highdspeed working the disc-speed waa 
about 80 rpm, and the corresponding limiting per1odic1tJ was 
about 0.3 second, equivalent to about 0.5 minute in nature. 
The relat1onah1pa between periodicity and disc rad11 are g1Ten 
1n detail 1n Fig. 142. 

No epecial d1f!1culty wae oncountored in transmitting 
the requisite amount of power. It wae actually found necessary 
to coat the disc, balls and roller with grease and heavy oil, 
and to replenish th1s frequently to prevent scoring or the 
steel ballao The disc and roller surfaces had, of course, to 
be or intensely bard, h1gh$grade steel to withstand any indent­
ing from the balls. It wae found that, by careful operation, 
any serious grooving of the surfaces could be avoided, and 
local work-hardening combined with efficient lubr1cat1on no 
doubt prevented any serious wear. 

110. Development of Autographic Dynamometer Connecting-Rode. 
It 1e appropr1at@ here to describe the steps that were 

taken to measure the amounts of power transmitted by the wavo­
mach1nea. This etudy was necessary to arrive at the paddle 
settings which would give the requisite amounts of wave energy 
through the two ent:ranco channels or the bay tn order to cor­
respond with nature . 

An attempt was mi,de to ·meaaure the energies accurately 
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at the mo-tors by the uae of indicating wattmeters, but 1t was 

f'ound that the · energy needed to dr i,re the paddle-mechanism was 

only about o.41t of .the energy required to drive the motor and 

gearing. and 1twaa i mpossible to assess it accurately at all. 

A manual attempt to measure the thruet through the con­

necting-rod tared no better·. Here the connecting-rod waa de­

tached from the paddle-crank. The paddle-crank was then oper­

ated manually bf pulls transmitted through two spring-balan~ea 

att1xed to tte end and held in the hands of an operator. The 

max1Dlllm registered pulla on the forward and back strokes were 

then recorded tor a whole range of speeds and length of stroke, 

the operatc,p judgin~ h1s speed and stroke by watoh1ng the . per­

formance of the detached dr1T1n~ machine. When · the no-load 

(no water-resistance) and full-load perfonnances were compared. 

howeTer, tbe thrusts were 80 nearly the same that the amount 

ot energy imparted to the water was not aboTe the 11m1ts ot 

error 1n asaees1ng the thrusts. 

The road out or the impasse was then found 1n the dea1gn 

of a dynamometer which could be 1noorporated 1n the connect1ng­

rod. F19. 14' (a) and (b) show the author's rou@b designa 

tor this instrument, and F1@8• lA4 and 145 are photographs ot 

the apparatus aa it was finally designed and installed. 

The pr1nc1ple ot the instrument was Teey · simple. · .The 

connecting rod now consisted or two separate pieces held in 

alignment by the e-pr1ngs-h<>lder (Fig. 144). The end spring­

platee were bolted toe~ther by tie-rods, the up~rmost in Fig. . . 

14A being aorew~connected to the connecting rod, and the lower­

most acting aa a elide for the remaining part of the oonneot1ng 

rod, which was screw-connected to the central spring-plate. 

The latter was permitted to slide over the tie-rods, and was 

thus tree to work e1 ther way against the compreae1on torcea ot 
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the springs. By adjusting the tie-rods to bring· the apringa 
1nto 1n1t1al compreeai on the central £1pr1ng-plate could be 

· made to aurter a small displacement 1n either puah or pull 
relat1 ve to the end spring-plates, and th1·s deflection was 
magn1t1ed bl" the 1nd1cat1ng lever and scribed on the smoked 
drum. The drum was made to turn in proportion to the length 

,•. or the stroke by the pulley-and-cord system portrayed 1n Fig. 
143 (b) and rta1ble 1n F188• 1A4 and 145. 

' 

By th1e dertce the connecting rod was made to trace 
· its own indicator diagram, (as 1n F1g. lll4), the area of 
wh1oh repreeents the power transmitted. 'l'be extent to which 
the two dynamometer connocting.;.roda that were oonatructed were 
capable or recording the same e:t'fecta may be gauged trorn Fig. 
146, wherein the 1nd1cator d1agrama traced by each, when 1nter­
cba~ged 1n the west and north paddles, are compared. 

111. general f'eatur,a ot the Model P111gn and conatn,ctton • .... 
To return to the model itself, we haTo already noted 

(p. 316) the outlines ot the model tank, g1Ten 1n Fig. 129. 
Generally these were determ1n~d by the shape ot Table Bay and 
the necessity or providi~g wells tor containing and elew1ng . 
the w&Te-paddlea. 

The outer walls or the tank, ot 1:2:4 concrete, 4 1na. 
th1ek and 16 ins. high, were erected t1rat upon the concrete 
floor ot the laboratory, · proT1s1on hartng been made bet'oreband 
in the latter tor the drainage depress1one 1n the two paddle­
wells, leading to the eub-aurtace sump, which wa., common to 
both. 

O:ver the onttre tloor or the tank, thua created, and up 
I the 1na1dee ot t _heee outer wall•. was laid a t-tnch layer of' 

mastic asphalt. A 2-tnch layer or 1 :2: 4 concrete wae then 
superposed oTer this and screeded level, attor which shuttering 
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was erected for 2-tne . thick concrete 1nnerwall e and 4- i na. deep: 

copi ngs to ee~l t he a~~balt 11n1ng and bring the tank walls to 

thei r final he i@b.t ot l' -8" above l aborat or y f loor-level. 

At thi s eta~ the t ank wae checked fo r water-tigbtne••• 

onl y to d1acover tne exi atenJe of s everal large loaka. The 

spec1f1oa t 1on had stipul ated that the asphalt should be laid in 
two separate layers eaoh 3/8-inch thick, but only one layer}-

1ncb tb1ok waa actually put down due to an oversight, and to 

this c1rcumstanco must be ascribed the inett1o1ency ot the aeal. 

Tbe a.rea of the tank tloor which was subaequently to be coYered 

w1tb the weak concrete mixture tora1ng the aea-bed was there­

fore treated w1.th several t,b1n coats of bituminous emulsion, 

after all cncke or .bad Joins 1n the concrete bad been cleaned 

out and grouted with .pitch. The floors of the paddle-well• and 

the e1dee of the tank were then ooatad with a eolut1on ot a111-

cate or aoda. These me&suree were round to be et'tect1ve and, 

thereafter, aee~ge waa virtually eliminated. 

While waterproofing treatment waa continuing, conatru.ct-

1on of tbe model harbour itself waa begun. A °leYel· platform 

<?r sbelt, 6;.1na. dee-p, of l:3:6 concrete was laid over tba\ 

portion of the tank-tloor south of the No. 34 line of absc1•••e · 
./ s1mulat1ng brealnrater .am Jett1eq, ( Fig. 129). Steel plates,< or the appropriate tb1ckneeaoa &nd 

h~1ghte,were embedded 1n this shelf in their correct pos1t1ona, 

· and timber shuttering, previously f&br1eated to a tull-aize 

plan, t1ed 1n with the co-ordinate eyatem, was erected round 

them (Fig. 147}. The f i xed portions or tho modol harbour, 

eompr1e1ng tbfJ Victoria and Alfred Basins and tho old foreshore 

were then cast 1n r1eh cement mortar. 

When waterproofing treatment of .the remainder ot the 

tank-floor was complete , sheet- tin templates, cut to the pro- · 

tilee or the aea-bed along the l1nee of abec1eaae Noa . ·.l to :,:, 
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(Fig. 129) were erected 1n these positions at 1ntervala of 

12 ins. apart. The templates were nailed to 1-inch square 

timber runners along their base and were held vert1oally in 

position by remonble transverse timber spacers with aaw-outa 

at 12-inch centres to bite on the t.1n. The spaces between tbe 

parallel templates were then tilled with a 1-to-8 mix of cement 

and ooarae eand and were aurtaced with a harder akin ot good 

mortar and screeded to the profile-shape of the embedded tem­

plates. 

Round the M1lne1"ton and Biaauwbo.rg shore the template, 

were all cut away to a leTel equiT&lent to about 30 feet below 

low water, so that the coastline could be moulded here in aand. 

Thia proT1s1on was ll&de with the idea ot watching tb! etfeot.a 

ot aand-tr&Tel under w&"'9-aot1on and with a T1ew to experi­

menting with the mouth ot the D1ep River, which, it will be 

aeen trom Fig. 129, was incorporated on the east a1de ot the 

model. Special t,in templates tor moulding the sand along the 

shoreline were arranged to rest upon the east-aide tank~walla 

aboTe the eand-trough thua created. These latter template• 

were remo•ble and were only placed 1n poe1t1on when required. 

The portion of the model bay aouth ot the No. 34 line ot 

abscissae (Fig. 129) was, aa we h&Te seen built up as a leTel 

concrete 1helt 6 1ns. high aboTe tank tloor-leTel. Upon this 

shelf coarse aand was placed and moulded to the shape ot tho 

sea-bed with the aid of overhead oe111ng-euspended tin tem­

plates secured to light angle-bar trsmee; wh1ch may be aeon 

in Figs. 132 and 133. These templatee were counterweighted 

and could be raised or lowered with a flick of the finger on 

the wall-corda. 

Tbe proT1a1on of a sand bed 1n this area waa made to 

tac111tate the 1naert1on and proper bedding-down of model har­

bour conetruct1ona 11uch a,s broak.watera. moles. groynea, etc. 
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A eolid bottom, curved t o the shape or th@ soa- bed, would have 
cr eated di fficulties of f1t, which 1a import ant where eliminat1aJ · 

of gr~und-swol l penetration 1s being soush,t. 

A travell1ne; platform (Figs. 132 and 133) with flanged 
wheel s running on I-girder rail s, spanning this area (Fig. 129), 
proT1ded a self-propelling deck from which obJeote could be 

lowered into pos1t1on 1n the harbour area without disturbing 

the aand bed, or from which bed-moulding operations could be 

carried out. An operator on the platform could move himself 
to any desired point by pulling on tow-ropes, which passed round 

pulleys on the I- girder rails and were rastened to t.he platform 
(Fig. 132). 

'!'be Duncan. B&a1n, 1t. will bo ·eeen from Fig. 147, waa 
mainly constructed or remo'r&ble timber sections. Rapid changes 
1n the 1hape of the basin by aubat1tutiona or additions could 
tbue ·be effected, and the condit.1ona ·existing tn the prototype 
harbour before its oonat·ruct1on could be reproduced by its re­
moval. Figs. 148 (a) and (b) show the completed model harbour. 

The co~ord1nate system to wh1cb the model lay-out was 
aligned (of. Figs. 109 and 1~) was proJected on to the fixed 
bed ot the model and the tops ot the tank-wall by white paint 

.. 

lines with the appropriat e letters and numbers. Theao l1nea 
were T1s1ble through the water and aerTed a Tery uaetul purpose 
1n identifying particular points 1n the model 1n relation to 
their poa1t1ons on the map. 

'l'he deepest portions ot the model were the paddle-wells 
and sump (Fig. 129). The latter was situated behind Robben Ia- · 
land in the model and communicated with each paddle well through 
opetn1nga some 9 1ns. wide. To preTent aa tar a.e possible the 
back-water effects of the paddles permeating .between the two 

paddle-well& Tia the sump, the main body or the latter waa out 
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oft by baffle-walls with openings only in their base, leav1ng 
only a r1ght-ansled connecting channel between . the paddle­
welle. Back-water oscillations penetrating this channel 
tended to be thrown baok on themaelves at the re-entrant 
angle. The sump st1111ng baa1n, thue protected, waa uaed as 
a water-level 1nd1cator, simple apparatus tor this purpoee 

being connected to tloat and counterweif!ht as may be seen in 
Fig. 61. 'l'be Kym')graph drum in this 1lluetrat1on was used•• 
occasion demanded both tor the leTel-1nd1cator ( on the right) 
and the m1crobarograpb (on the left). 

Although tides were not a feature or the Range-problem, 
their ettects could be simulated b7 simple means, merely .by 

operating the inlet and outle~ ~lves of the water aupply and 
drainage pipes, ao that the lenl-1nd1cator followed a••­
quence or tide-curvea on the rotat1ng Jtymograph drum ( Fig. 61). 

Tlle supply pipe to the model d1T1de4 along the two 
paddle-wells. and by means ot perf-drat1one in the d1atr1but1on 
pipes water was admitted 1n uniform quantities along their 
lengths. Tidal 1ntluencea could thus be obtained when wanted 
with a minimum ot art1t1o1al surging. 

To preTent the back-water eft~cts of the paddles t11- . 
tering paet the paddles into the model area~ binged wave-traps 
or battle-plates (Fig. 1A9) were provided for blocking the 
clearances at the ends or the paddles. Tbeae clearancee, or 
course, varied according to the orientation or the paddles, 
and this o1rcumetanoe was allowed for by prov1d1ng d1tferont 
angular eettinge "for the b&ttle-platee. Being binged to the 
aide walls or ~be paddle-wells, the ·battle plates could be 

folded agains·t the walls, ae neoeaaary, or slewed outwards 

to form re-entrant wave-traps, locked 1n position by spigot­
tubes pushed into holes 1n the tank-bottom. 
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112! The Meaauf!ment of wave-Heights !n tpe Mode__!& 

At the t1me that the Cape Town model was t1ret planned 

and 1t became necessary to consider ways of' record1ng effects 

w1th1n it. the world wa;r, waa st a crit1eal stage, and uter1als 
' . 

' and 1netru11.ente 1n particular were ditf'teult to secure. The 

prospect or aoqu1r1ns any suitable 1natruments rrom overseas 

appeared hopeleaa and no suitable 1nstrumente were procurable 

in South Atrica, 110 that 1t became J)eoeaaary to 1mprov1ae w1th 

an1lable local materials. Ae all electrical apparatus waa in 

very short supply it did not appear feasible to elaborate an 

electrical 1natruaent using oac11logr•pb8 and other co11pl•x 

un1te. 

Fortunately, the quest for a suitable instrument tor the 

prototype harbour, leading to the dea1sn ot the ae1ohometera · 

(ct. Section 23, P• 71), suggested a principle that might be 

worthy ot de~lopment on a model scale. The pr1nc1ple had 

been ueed aucoeaetully tor remote-control deep-eoa tide-gauge• 

and depended on the tranemta111on ot pressure through an air 

colullD 1n a p1pe connecting an air-cylinder 1Dlllleraed in the 

eea with a recording tlu1d-manometer 8
• 

The adaptation or the principle to an 1netrument suttab~ 

tor preo1ee mea,surementa of 1nnall water-moTementa 1n a model 

1nvo1~d many probleDIB and cona1derable •xper1mentat1on~ 
;. . 

Fo·r b1a portable tide-gauge Honda I used a mercury-

manometer, 1n the am.all limb or which a oonven1ently small 

movement or the mercury colu1111 oould represent a ta1rly large 

tidal fluctuation over the a1r .. oyl1nder. On a model scale, 

amall .,ar1attona of water-le~el could obvioualJ not make . any 
0 ct. Field and Cuat'a tide-reoorder aa de...-.loped b7 the Cambridge 

Seientitio Inatl'Wlent Co., Gluebrook' • D1ot1ona:ry ot Applied 
Phylioa, (u,ndon), 192:5, [121], Vol. III, p. 6t8. See alao, Honda, 
• A Portable Aero-YArourial Tide-Gauge' , Phil. Mag. , Vol. X, 1905, 

f [122], pp. 263-259. 
Ibid, [122]. 
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~Hma i bl(! 1mpnuss1on on mercury 1 and some other manou-tr1c 

fluid had to b~ sou5ht. It was questionable , alao , whether 

Honda's theory for the prototype instrument, which was appli­

cabl e to gradual tidal 1novemente, would appl y to a model tn 

which high-frequency recording was neaeesary. 

The author was n~vertheleaa guided by Honda's result 

that 

!1.: 
1 

~+f(t+~) a
2 

a3 , -approximately. (58) 

where n and n are respect1Tely the changes in leYel of the -,, -,.,_ 
water-surface and of the f'luid-meni11cue 1n the small limb of 

tho manometer; <2_r , ~ and ~ reapect1 Tel1 the croaa-aecttoul 

areas .of the air-0111nder, large limb and small 11mb of tbe 

manometer; and f the dena1tJ of fluid 1n the manometer. 

Transposing, (58) ma1 be express~d aa 

f= (1"/,z, - 'i/~) 
( / + ~3) 

______ (59). 

By a1m1ng at making the meniecue-m.ovoaent, n the same 
1+ . 

as the WBTe-moTement to be measured 1n the model, for which 

1"~= / 1n equation (59), 1t waa _ tound that the dons.tty of 

tho manoaetr1c f'luid had to be less than unity. After 1•­

prarta1ng an experimental manometer and a1r ... cyl1nder, the 

author made numerous experiments with various light o1la and 

volatile fluids, and eventually found that pure paraffin with 

a speo1f1c grartty of sbout o.88 ga-ve an encouraging perforaanoe-

A theoretical 1nTest1gat1on of the relat1onsh1ps tbat 

would pre'f&il when the water-level over the air-cylinder per­

formed a a1nuso1d&l r1ee and fall -~ = A, .. SJn pt with an 

angular frequency />=27!/c 1 or per1od1c1ty 7: , was next 
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undertaken and led to the reaulta 0
:-

(1) p= 'l{ (2gj[A:-{ 1 T f',1,_(l+~)fi+ . 

A -
-! = !31:, { I + 1(,/'9( I+ !i. )} 
A+ aa. ~ I; a_, 

( 11) , C 60) 

(111) R = j'iea. e. dB = 0·5814.71' t 
0 

Here ~ , q , a
3 

and q, are reapect1ve17 the croaa-aect1onal 

areas ot_.tb,_. Te.n~ .tube. ot the a1r.• .c,:11nder. __ the a1r-c7linder 
:·· ·· .. --:-.-_ - . - . . •· - - .. ~ - - .. . ··- - - . . - . 

1taelt, the large 1111b and the emall limb ot tbe manoaeter; 

A
1 

, A.z • A
4 

, the amplltudee ot Tert1oal dieplace•nta re• 

spect1 nlJ ot th• wat•r-eurfaoe being measured, the water­

.surface 1n the atr-cyl1nder. and the tlu1d-men1aoua 1n the 

small limb ot the mano•ter; ~ · and ~ reapect1Tely the .1n1-

t1al wlume ot air and tbe 1n1.t1al preaaure ot air 1n the air­

cylinder and connecting tube to the aanoaeter, under static 

cond1t.1ona. As the sizes _ ot- glaea tubing aT&1lable tor tbe 

mamitaoture ot manometers were d1at1nctl7 limited it wae found 

necessary to select large and small bore diameters of 20 and 6 

llll reapeotinly. Further, as a result of tr1al experiments it 

was decided to adopt a Tent•tube diameter or 3 1D1ll tor the a1r­

cyl1nder. · Tb1a lett the internal diameter or. the a1r-cyl1nder 

to be determined. 

By the uae of equation ~58). for _which 1/,/r;+ was taken 

as unity and f •• o.88, the diameter ot the a1r-cyl1nder, to 

g1Te full-scale reproduction ot wave-be1ghta, was colllputed to 

be about 30 mm. Thia waa the cylinder-a-i.ze actually adopted, 

but. before accepting 1t, oheok ealoulat1ons were •de b7· the 
0 Aa the tall deri'ft.tion of theH formulae i1 ooaplioated and ot e:mep. 

tional length. it baa been Ollittecl from thia work. The. w.lidity of 
. l:~ JJ~Yl~:C!, ~'"l!oiu!H~ tJo:lT. baai• or th• d1souaa1on 
l" fbe Talue ot thia integral •• o'btained by gnphioal ._. •• 
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use ot equation• (60) to verify that the manoaeter would 

reproduce the water-moTitaent full-scale at all per1od1c1t1ea 

&boYa about l aeoond. At the last minute 1t was announced 

that. 20-tllDl-bore tubing was unprocurable and 25-lltll bore bad 

to be aceepted 1n lieu theroor. It was decided neTertbel••• 

to retain the :,0 1111 size or a1r-cyl1nder. 

For the air-cylinder and manometer sizes adopted, 

(which. besides the bore-d1mene1ona already mentioned, in­

cluded lengths of 32 and 60 - respoct1Telj), and ror an 

aa11umd 30 tt. length or· 6 mm-bore rubber t.ub1ng conneot.1ng 

th• un1ta. equat1ona (60) resolve to 

7:= 
5·092~ 

4 I Aa - 1·019 A.2 
V 'I J/ 

(61). ----:---

It we oonatder that all the w&Yoa to be •••sured, (ot wbat­

effr per1od1o1ty ?: ) , ~Ye an amplitude, 1 , o't t 1noh 

or 0.02 tt., the correepond1ng &111)11tu<!e ot the aow•nt, ",., 

reproduced 1n the emall 11ab·ot the manometer bJ tbe o•o11-

lat1ona ot the 11l41n1aoua or ·the ·p&r&tt1n. my" be calculated 

from equation (61). Thu• ·the per1od1o1t1ee, that .~11 make 

A4 ban the aucoese1'ff •luea ginn tn the f1rat ooluan 

ot Table XIII, are: 

Table XIII: Theoretical Predtotion ot Pertol"llan.Oe or Model Becsordin5 s, ••. 

Aaplitude Pt,l"iOdio i ty Magnitio- Amplitude Periodio1ty Vagt1ifi-
Manometer r ation Manometei T oittion A x 10-i 

~ 
A x 10· : . ' 

~I 
~ tt. aeos. ~, .,.,t. ' eeoa. .. 

0.2 0.09 0.1 1.2 0.85 o.s 

o., 0.18 0.2 l •• 0.81 0.7 

c.s 0 .. 28 . o.~ 1.() 1.02 o.e 
0.8 o_.39 0.4 1.8 1.31 0.9 

LO 0.51 0.6 2 .. 0 00 1.0 
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From a des1gn po1nt of view the magnifications at the 

different frequencies indicated in Table XIII were considered 

satisfactory. Thus a magn1f1cat1on of o.6 or better was en­

sured for all per1od1c1t1es ot waves 1n the model above 0.65 

seaonds, correspondtng to &bout 1 minute 1n nature. Actually, 
as we shall see shortly, the magn1t1cat1ons, as realised, were 
even better than these. On th1s tbeoret1cal and eXperimental 

basis, then, the rougb d.es1sn (F1g. 150) tor a model reoord­
lng system was evolved and put into practice. 

· 113. nw neveloment or tlul Kx;a:tosraph. 

A battery ot 'wave-manometers'• as they came tA be 

called. was installed 1n tbe Rane,, laboratory tn· two tiers, 
as shown 1n Ftg. 151, on the let~band side of the work-benoh. 
They were found to be part1oular17 usetul and etteot1ft ln 
showing up the nature or the oac1Uat1ons oeourrtng outatae 

the model harbour during operation of the wave-paddlea. A 

whole series ot small a1r-cyl1ndera, embedded ratr1y olo•• 
together in the sand bed ot tbe model between t.he breakwater 
and the shore and connected. by i,ibber tubtng (nde Ftp. L18 (a) 

and (b) ) to tbe banks ot manometers, cou~d giTe an 1mpren1on 
on tbe latter of an instantaneous profile ot the water-surface 
along the 11ne ot the cylinders. It was easy 1n tht.a way to 

demonstrate the existence ot the uninodal and mult1noaa1 

seiches in the breakwater-abore oscillating syatea. 

This arrangement waa not used other than tor malting 

general qual1tat1n comparisons. '!'he author felt oonnnoed 
that, as 1n Honda's tide-gauge, the manometer fluid oould be 

made to actuate a float and leTer-system tor autog:raphlo 1"8• 

cording of' the disturbances 1n the model, eTen though the 

ava11able momentum tor doing it was so small and the fr1ot1onal 
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ettecta ao large. Uaing om&ll detonator tubes as floats 
and a bome-made lever system, the author succe,ded 1n ob­
taining traces on a amoked drum operated by clock-work in 
prel1m1nary trials. The experiments were ao encouraging 
that tbe author bad the. rough dea1gn tor a four or tive 
leTer recording 1n•trument, shown ln P'1g. 152, deTeloped 
and blue-printed., and the Kymatograpb ot Figa. 153 and 154 
eYOlved. 

The 1n•truaent aa7 be seen to cone1at of an elented 
stand for a olookworlt-operated drum, on wh1oh aor1be tour 
leftr-pens whose fulcruu are held by the ooluana ot the 
instrument. Sliding on tbeae oolullll8 below tbe upper deck 

~ ' 
are the •no•ter-holdera, wh1oh •Y be looked o# the oolu11D8 
in any poa1t.1ona by••• ot hand-aorewa. The glue •no­
aetere are rtgldly held 1n the holden ao tbat their ••11 
llmbll are Tert1oal beneath the end• ot the lenra. S11all 
alum.n1um tloata ride on tbe •urtace of the parattin and 
aotuat~ the leYers through tine auepender-1"048 • 

. Before the Xymatograph oould be turned 1~to a uaeful 
and reliable tnatruMnt. uny pract1oal d1tt1oult1•• bad to 
be oYOrcome. The author wa. obl1gecl to llllke h1• own tloata 
tro11alu111n1um detonator-tubee, k1ndlJ •upp11ed by the Cape . . 

bploa1ve Works. Var1oue lengtbe- of float were tried 1n con­
ju1l0t1on witb wrtoua type• ot euapender-"4~ but reault• 
were dteappotnt1ng until the author soldered single loops ot 
wire round the ldddle of the tloata ••o that only ring-contact 
wae poaeible w1tb the glaae. It was found neo••••!'J, too, 
that a float abould be wholly lllDlereed 1n the parattin with 
its top 1n the meniaous •o that a t11m of paratt1ri could act 
aa a lubricant round it, while tbe normal eurfaoo-tenaion of 
the t1enl1cua was harneaaed aa a prop•ll1ng force in add1t1ou 
to the float buoyancy. 

-
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For a time great d1ft1oulty waa experienced 1n securely 
attaob1ng __ ~b' ,~t1~pe-~~er-rods to the alua1n1um tloat,,, but th1a 
trouble was e-.ontuall7 oTercome. It. remained a matter of eome 
del1caoy, bowenr. to enaure that the centre-11nea ot the tloa11.­
were alwaya co-axial with the auspender-roda: ani deflection 
of aertoua proportions was liable to tilt the tloat askew 1n 
the •noaeter 11ab and impede 1ta tree functioning. With care­
tul attention to auch mattere, which included alao oooastonal 
cleaning of the 1ns1dee ot the float tubes tor the ~mo"Y&l ot 
duet, the Kymatograpb waa found to be a -.luable and reaaonabl:, 
tl"tlatworthy recording 1netl'Wlent. F1g. 155 1s a kymatogram 
g1:rtng fou~ a1multaneoue reoordtnse of water-eurtace aonmenta 
at po1nta in tho model 11elected at random, and tlluetratea the 
oft-t1 ... a beautiful eftecte reoorded wltb tb1s apparatua. 

The XJ1111tograpb could record waw-mo'ftllente 1n any part 
ot the aodel baf bJ the e1mple pro-.1.alon ot rubber tubing long 
enough to reaob to tbe · tartbeat comera; 1n tbie :reapeot 1t waa 
particularly uaetul ana· wraatlle. It was neoeaaar:r. of coun•, 
that all tour manoaetere should be oonneoted w1tb tubing of 
the ,same length, since their aene1t1T1ty (equation (~0)-(11), 
p. l.C) 1• a tunctlon ot the wlu•, v0 , ot the air-column. 
When long-dtetano• meaaure•nt.111:lad been oomplt1tttd~ tt wae 
toun4 expedient to shorten tbe tubing as mob a11 poae1ble in 

• order to 1aproye ee11111 tt T1 ty tor the t1nal exper111ente • 

114 • Perfo£JM1Jllt .• ,Y!!l-~'l•.ll°2ta,..1\.QPJ.(._Uf Jt.~~~ 
The ~n• or the K,-t91r«.nh e.:r:tbeil on emnked ~i,er on 

the record1111 dm111 whtch could be dr1yen at --~-.eral 41tt4tPent 
epeeda to au1t -..iT.•-treq11enc1e111. KJ'll&t'>~'fflme, once detaAbed, 

were passed rapidly through• abella~-bath and allt>wed to drJ, 
the1r permanenctt ~\ng t\\Ua secured. 

• ru, •• urned 0111; on the Cid.et Ci'til lngiuer', 111ggenton. 
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To check the eene1t1nty ot tbe tracing pen11 at different 
wa'f8-trequenc1es and their 1nd1Y1dual reaponaea to moyementa ot 
the same magnitude. ca11brat1on tests were undertaken•• the 
neceaeary prel1m1nar1ea to experiments on the model. 

Two methods were adopted in undertaking this o~librat1on 
in the ttrat instance. In the t1rat, the air-cylinder connected 
to ~be. ot the ~nometera ot tbe ltymograpb waa tied to a_ wire, 
which, by being connected to the crank-pin ot the ecoentr1o of 
one ot the paddle-drirtng maob1nee Tia palley11 fixed to the 
ceiling, was caused to r1ae and tall oTer the work-bench in a 
simple harmonic DJOtton of any de•lrecl amplitude and ~DJ' particu­
lar frequency. A flaak ot water placed under the cylinder 1n 
this oond1t1on ao that 1t was oo11J)letely 1amereed, prortded the 
reTerae etteet of water r1a1ng and falling wltb a e1ffl18o1dal 
mowment o'fer a stationary atr-of11nder. 'l'he apeed ot the 
dri Ying •chine· was ftr1e4 oyer the complete range of ptr1o­
d1c1 t1ea tor wh1ob the model was designed, and abort record• 
of tbe pen-moTementa for eacb were obtained on kymatograma 
atteP the taah1on of Fig. 156. 

In the second method, which waa tbe one subsequently 
adopted 1n further oal1brat1ona, the air-c711ndera of all tour 
manometere ot the ltJ110grapb nre submerged alonga1de ot each 
other in a oonta1ner ot water, into which dangled a plunger, 
attached to tbe atore-•n"tloned wire from the dr1rtng •chine. 
Thie d1aplaoer. in r1e1ng au4 falling w1th a1aple-bal'IIOD1c 
motion, caueed the water to r1ae and tall oYer the a1r-oyl1nden 
1n equal amounts wblcb could be a111l\lltaneoualy recorded by the 
four pens. 

By either llethod, tho actual aonmenta of water o'ftr the 
a1r-oyl1ndere were p?'eoisely determinable, and the magnifica­
tions of the reoord.1nga on the kymat.ograms were easily obtained. 
T1me-laga or phase-dltterenoes were tound by causing an 
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eleotrioal contact on the displacer-wire to energise a solenoid marking-pen on the Kymograph at the foot of each stroke (of • 
. Fig. 156). 

Fig. 157 tor the No. 3 pen o~ the Kymatograph 1a typical ot the reeulta obtained on analya1e. It 1a 1ntereat1ng to note '· 

~ 
that the theoret.1oal pred1et1ona of' Table XIII (p. 344) are al-11.oat exactly oont1rmed in tbe bigbeat and _the lowest frequencies, but that for per1od1c1t1ea between about 1 and 4 seconds the actual magn1f'1eat1on ot ~he system 1s greater than the designed. The cause of this 1s probabl1 t.o be :round 1n a degree of reso­nance of the 1mpr1aoned ~ir between the air-cylinder and the •no•ter, for the theory represented by equations (6o) and (61) takes no aoeount of tbe 1nen1a of the air. •ter and y,&raftln mowmenta. 

The K,mograph t>9ns were all a1m11.ar int~ aboft reapect ae •1 be seen trom Flg • . 158. whlob la ot a later oallbra\1011. On the aug•etton of t~ Cll1et Cirtl Engineer. Mr. 'YOD 1f1ll1ob, tbat the lar-,,r -..nt-tubfts in th- a1~~~111ndera might 1ncreaae the aena1t1Tit7 of tlM reoord,.n~ •11tem at b1Rh fNqueno1ee, 
experiments were aade w1~b cyl1n4era nonT•rt•d tQr \b4t ~rpo••~ Fig. 159 tor No. 3 pen 1,s tT,Pioal ot the results. which •how 
that the lar•r 6 and 7} IDl•bore ven\-tubes., \rt.a. out! !'let:rely increased thft d•~• ot ,resonance b].r ~rtn11; d1apro-pol't1onato:t..:, large aena1t1T1t\es at .ner~ods i:u.two•n 1 an~ 2 aeoonda~ It was • • '.l • • . y .. ~~~-- ......... , •. .,,.,.,.- _...._,.;.: __ ~~,:. :..."\..q, __ - ~ .. · . . ·~-.--.:-·."' .. ·.::"' ......... ~ .. -::-::-._"'.''-.:-... - .... decided as a ~eault n9~_ 1t .o. __ ,!n~_~,~ue1t an~ cban•" in the ort~nal 

- . 

design. 

~ Theore't.ioaJ. 11111111 ficatina k,e • N .-i• ta all• fol' ~- 2 rl augmentation of the pen-lenr1 ot tll• lyaatograph. · _ 
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CHAPTER XV 

];QpEL EXPERIMENTS=ON RANGE--'-

o, I ha'N> called attent ion to these result• beoauno thia 
method ef experi~snting meems to afford a ready aean.1 ot 
iu?Gctigati ng and determining beforehand the effeot• ot 
any proposed ••tuary or harbour workas a aeana which, 
after what I haTe aeen, I should f•el it n.adn••• to neg­
leot befoNI entering upon Qny costly undertaking''. 

Oabol"Jle Reynolds. · 
Paper on Tidal Jfodela, {1885). 

llJ., Adluatment of thq Paddlea t2r )Jaye-Form and Expana1an, 
'l'he yery f1rot problem to be reeolTed on completion or 

the building ot the model was the determination or paddle 

eettlnss euch that the character1et1ce or paddle-generated 

W&Tes would be 1n the closeat possible accord with the pro­

perties to be expected ot ground-ewelle 1n nature. The paddle­
deeisn had purposely been made flexible to allow or ad.Juat11ent 

in this regard (p. 329), but tbe number of poaa1ble arrange"'" 

menta was legion and some means had to be found or defining . 
particular aett1ngs. 

Hydrodynamical theory wae used as one cr1ter1on tor 

dec1d1ng this iaaue. Thus by the uee of equat1ona (5), (6) 

and (9), (p. 107), 1t waa possible to determine the theoreti­

cal requirements or bottom and aurfac0 horizontal d1aplace­

menta of water-p,.rt1cles in waves of different per1od1o1t1ea 

in the deptha of water prevailing 1n the entrance channels or 
the bay (or. F1g. 130 for d:::. 120 ft., west channel, and d: 
80 tt., north-channel ). The link and lover settings to g1n 

approximate correaponding ratios or bottoa-to-aurtace bor1-

zontal moYements in the stroke or the paddles were deterained 

by trial and ~rror with the a1d ot a !lat cardboard model ot 

the w&Te-board and paddle-carriage mechanism. Soae compro­

m1ae had, or oourae, to be ude here to ayo1d too aucb 
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al t-.rat1on 1,f ;~:ett19~ ,.n the nom6l working range ot per1od1c-
1 t.1ee. Wltbtn the zone or experimentation depicted 1n Fig. 1:,0 
fixed paddle sett1ngm were adopted, but tor high-frequency 

· effects adjustments had to be made. 
A eeoond important cr1ter1on eontroll1ng the i:&ddle• 

aett1nga waa w&Te-expans1on 1n the. model bay at the d1tfe1"8nt 
~ddle or1entat1ona. A aeries or teats waa · run, using the pad­

dle aett1ng11 arr1wd at 1n the manner Juat d1aouaaed, to see 
whether the condition ot dyna~tcal e1m1lar1ty that waTea 1n 
model and protot:,l>' be a1111larly •1tuated at corresponding 
ttua, was N&t1onab~ well complied with. Tbe baaea ot oompar­
iaon were the graphically determined wave-expanaiona 1n Table 
Bly. whtoh ln teraa ot tlle aertal-pbotograpb1c check (ct. sec­
tion 85, P• 250) could be accepted aa being closely akin to the 
true waTe-expanaloaa in the prototype bay. 

'l'be exper1•nte were performed by operating the paddle• 
separately, a paddle being actuated owr one or two rewlut1ona 
ot the dr1Ying eooentr1o eo ae to tncluoe onlJ a atngle or, aay­
be, double W&'ff. Two· K711ograpb mano•tera were ue·ed tor chart­
ing the path taken bJ the waye, one .betng Wied aa a t1xed 'con­
trol', placed in a aeleoted poa1t1on in tbe model bay, and tbe 
other being llOTed along tbe 11ne ot tbe W&flt-o·reat at 1ntenala ~ 
Eaoh poe1ttonlocated by the mo"f&ble a1r-cyl1nder had to be 
auob that the single w&flt,. emanatinstrom the paddle, reached 
both 1t and the control J)Oa1t1on at the ~ame instant. Con­
ou.rrence ot arr1'V81 was obecked by the i11pulaee recorded on 
the KJmOgr&pb drum. Once the w&'Ye'!"creat. bad been plotted 1n 
th1a way across the model bay, the 'control' wae IIOTed to a 

nsw a1tuat1on and the process repeated. 

In the first tests of the north-paddle tbe waTe d1:n,et-

1ons were found tQ be var;, d1tterent from the requirements, and 
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1t was necessary not only to alew the p&ddle · to t,.he ·extreae 

poa1t1on shown in Fig. 120, but to alter the aett1nga ao •• 

to throw more power on to another ot the wan-boards. Similar 

adjustments were neoeasary to the aett1nga of the weat-paddle 

when or1ented in tbe extre• positions. F1ga. 118 and 119 

abow the meaeure ot agreement with the desired expana1ona,ul- . 
t1aately obtained. 

Wa-.,e-expana1ona round the bre&ltw&ter were treated in 

somewhat greater detail than elsewhere. To awid error 1n 

locating the wa-.,e poa1t1ona, the ao"f'&ble a1r-cyl1nder waa 

aoyed torward and backward ot 1ts expected poa1t1on in rela­

tion to the •control' until a belt was olearly defined with­

in wb1ob the W&Te mat lte. The line of the wan was then 

finally drawn w1th1n tbte belt near the •an poa1t1on, 1n 

auoh a way aa to be 1 co1111enaurable' with the plotted line 

of the preceding and the following W&Te. F1 ga • 118 to 120 

all show that the W&Te expane1ona round the breakwater tend 

to be spiral rather than concentric (of~ Section 93, p. 274). 

The paddle settings as finally adopted to comply with 

tbe criteria of waTe-torm and wave~expanaion are recorded 1n 

Table XIV below: 
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Table XIV: Link ant'! Lever s,.,ttings for the Wsve P!!.ddles .. 

Wave Wsst PA.ddle Settingi, North PaddlA SattiUP-;8 
Direct. 
ion 

South 
-West 

Weet-
South 
-Weit 

Weat 

West ... 
North 
..Weat 

Robb!O!U Left Ri;ht Mouille 'Blaauw-
Island Centre Centre Point bar~ 

Centre 

I CL , PL CL PL CL PL CL PL CL PL CL PL 

H 6 6 6 6 6 6 6 6 6 6 6 5 
R -1% -3~ -~l -4 -4% -61' -1~ -9 -1% -3\ -3~ -4\ 

H . 5 5 6 6 6 6 6 6 5 5 5 5 
R -2% ~ -5~ -6,'i -e\ _.,~ ·4% -6 -1' -3\ -3~ -5 

H 5 5 6 6 5 6 5 6 5 6 5 5 
R -3\ -5~ 

_.,, 
-9 -Ti -9 -1\ -3~ -1' -a\ ..a\ -54 

H 6 6 6 6 5 6 6 5 5 6 5 5 
R -3% -6\ 

_.,, 
-9 -1,I -9 -1% -3'6 -1, -3\ -3\ -5\ 

B = Bo. of' Hols t'roa A!lf1 or Link 
R ~ Radius on Le..er (ins.) 

CL = Osrri11~e Linlr 
PL = Paddle Link 

Robb~n 
Isla.n~ 

CL 'Pt 

5 6 
-6~ -'7.Ji 

5 5 
-6\ -84 

5 5 _.,, 
-9 

5 5 
-1~ -9 

'rhe lever-radii given in the above table are all negative 

to signify that the connections are below the level of the 

paddle ah~ts(oompare Figa. 131 and 133). It will be seen 

-

that for eaoh paddle-carriage and wave-board, forming a section 

ot a pad<ile, the wave-board is given a larger stroke, in virtue 

of the greater radiua on the lever, than the carriage. Thia 

ensure• that there ia a alight rotation of the .vave-board over 

and above the pure puah•pull movement given to 1 t by the carriage. 

~ater•partialea at the free surtaoe are thua given a somewhat 

greater horizontal displacement than thoae at the tank•bottom, 

thereby aimulating the relative movements of the water-particles 

of long waYes. Those wave-boards for which the lever-radii 

are a maximum have greater travel and exert stronger propulsions 

than their adjacent members. raia allows for the correct 

refraction of the w~ves in traversing the shoaling ground in 

each channel, which elopes up towards Robben Island and the 

mainland. 
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116. seoondar:ir and Extran9oyg Efreg~s in the Model , 
Once the paddle components bad been correctlJ eet, a 

ce~1n amount of preliminary exper1aentat1on w1tb tbe model 

was poaaible to explore the extent to wh1ob unwanted eftecta 

111.gbt be present. Art1f1c1al boundarr-cond1t1one 1n a model 

are often a potent eouroe ot influences foreign to the proto­
type. SUcb 'boundaries 1n the case of tbe Table BIIJ mdel .were 
oNated bJ tbe paddles tbe•elna., wh1eh tended to oonwrt the 

aodel 1nto an eno.loaed baeln., rather d1as1111lar fl'Olll the open­
mouthed oountel'J)ll:rt tn the prototJP8. 

Tbe •1• 111 wb1oh extraneous efteota 111ght lntl.uenoe 
the sodel reaulta la7, therefore, 1n the poaa1b111t1•• of wawa, 
returolng tro• the ooaet., being reneote4 agatn at the pac1dl• 
and tbrown back •o ae to tntroduee aeconda17 etteote tn t'be 
aelobe• within the harbour area; and., further, tn the ob&noe 
tbat baok-water etteota troll the paddle•. ooapl'J.atag oeotlla­
tton• peoultar to tbe paddle-wells., 111gbt pel'll8ate paat ·,11e 

paddle• Tla nob ••11 oleaanoea aa could not be ••&led bJ 
t.he •fttrape (p. 3.40), and upaet the natural regllle. 

The nature of eeoon4&1'J retlectlona at the paddlee •• 
tn-.eat1gated bJ' placing a1r-0711ndel"II .of the K)'lllltograpb W&Te­

aano11etel'8 11111l9d1ately in tront ot the paddlea and at the op­
posite sboroa and bJ operating each paddle 1n turn tor a 
oouple ot atroJtee· onl7. 'l'he waw-111pulaes leaving the paddlee 

and reaching the shore were thus recorded and the t1me-1nter­
Y&l between them @IITe a yardstick for detecting any returning 

wayea at tbe paddles. It waa tound., as might be expected, 

that a reflected pulse did return to the west-paddle ott the 

oresaent.-abaped coast of tbe bay., but '\bat 1t waa not abow 
30% ot the tn1t1al waye-ampl1tude. Ho return 1ntluenoea oould 

'be found at tho north-paddle. and the paddles 1nd1Y1dually 

•• ... d to· 'b&Te little etteot upon each other. 
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It may be argued that a measure or reflection or coaat­
w1se-return1ng waves of f the paddles 1s not of serious oonae­
quence, u1nce the general effect will me_rely be to •uper1apo1e 
on the 1n1t1al wavo-tra1n a second train of weaker waTea oft.he 
same periodicity but with somewhat different waTe-fronts. The 
only effect of th1e will bs a al1sht tendency (and probably 
not a very apparent one) towards the formation of abort-created 
waToa, which are of common ooourrenco 1n the prototJPe bay 
when superposed awells arriv0 from alislltly diftoront di­
rections . 

The normal clearance beneath the wave-board.a 1n the 
paddle=wolla was 3 ins. To test the etfect or the oloeure 
or tbia gap and also of the small openinge at the enda of' tbe 
paddles and between the 1nd1T1dual wave-board.a, temporary a111• 
and a1de-atops were introduced sealing oft theee openinga. 
Lengths or channel-beam la1d web-uppermost under the n'ff­
boarda of the paddles acted as •1lla. and can-yaa atr1pe were 
used tor the s1de- stopa. 

Tbe oso1llat1ons betwoen the breakwater and the ahore 
tor tho two cases, with and without sills and s1de-atopa, were 
meaaured at 15 different poa1t1ona (Fig. 160) for a particular 
wave-period or 2o72 aeoonds or 4.6 m1nutee 1n nature. 'l'be 
form or the oscillation remained essentially unohane,ed 1n the 
two cases although there were minor d1f'terenoee tn the regia­
t.ered maxisu11 amplitudes. The profiles ot the water-aurtaoe 
along the 11na or the measur ing position• at the 1natant that 
the oecillat1ons reached m~x1mum amplitude at the 1horel1ne­
ant1node are shown by t he rull-11nes w1th1n t he Tentral loopa 
in Fig. 160a 

The conclusion drawn from these and other related experi­
ments was that · the fundamental ohar&cteristioa or the ae1cboa in 
the harbour area were not nuff1o1ently aff ected to warrant tbe 
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retention or the .a1lls and aide-stops, which were 1n any caae 
d1ff1cult to adjust when paddle-slew1n~ became neceaear,. In 

all subsequent exper1ment a they ,ere, tberetore, o111tted. 

lll.. 
l'fh1le the control ot waft•torm, d1rect1on and expane1on 

depended on the arrange11ente or the component untta ot tbe pad­
dles w1tb1n the paddle-rramea~ tbe control ot wa..-. frequency 
and amplitude lay 1n the adjustment ot the dr1T1ng aacblnery, 
_per1od1c1 ty being aet bJ the apeed-oontrol and ampl1tude bJ _the 

eocentr1c rad1ua or length ot stroke .imparted to the crank on 
the paddle-ehatt,. 

Obrtoual7. 1f tlle a1mltaneoua eot,17 111to !'able Ba7 of 
•••lls Tia tbe· two entrance obannela waa to be oorreotly al1111-
lated 1n the .a.1. 1t waa oeo••••l'J tbat the nlat,lw..,,.... 
or W&ft•energr tntl'Oduced into tbe model b,- the JJ&ddlea be pro­
portional to ihtl relat1w aaounta tranaaitted througll the oban­
nela 1n natun. 'fbe owi,all aap11tu4•••et\1n@IJ or eoeentrta-. 
rad11 on the west and north-paddle dr1Y1ng-aach1nee bad tberefore 
to bear a def1ntte relattoaahtp for eaob pel'ln41o1tJ-

The problem wblob tbta posed~· indeed a d1ft1oult one. 
It waa a_us,ot11tecl to the autbor b~ tbe Ch1•f 01 nl Bng1:aeer t~t 
1t could be entirely c1rowannted a1mply by operating tbe J)llddlee 
independently. on tbe tbe•l• ~bat tbe efteota ot the partial 
ae1obea fOU!ld tor e1n~e•}l11d4le operation met be part and ~r· · 
eel of the etteota of \be ooab1ned aelahee tor dual-paddle op.. 
erat1on. 

At tll'lllt alpt t,bta argu:ment aeeu tair enough. tor 1t 
•• take a oaae tn 1>01at~ tbat d1Mouaeed 1n Seotlon 93 (i,p.· 26Q-
27') and Ftg. 116. tor an ll-11lnt1te eelc,he outa1de tbe barbo1.U'. 
1t 1a olea:r that the resultant ot the we,st and nQrtb channel 
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effects derives from th\8 simple addition of the component 
se1chea. But 1n point or fact the essential problem 1a not 
evaded at all. Single-paddle operation permits ot periodogr&• 
of' cri t1cal frequencies being drawn up for the oac1llat1ons 1n­
a1de th& harbour basins readily enough, but to obtain the true 
critical frequencies aa in nature. 1t 1a necesaarr that th• two 
per1odo grams tor independent work1n g of the paddles be added. 

The two per1odograma, boweTer, can only be added 1f their aap-

11tude-soales are in the correct proportions 1n which ••••-en­
ergy enters the two channels ot the bay. MoreoTer, once the 

addition 1e made 1t will be found that. unless the per1odograa 

peaks tor single-paddle operation exactly reinforce each other, 
the new periodogram peaks representing the additions will be 
differently located. To take a simple parallel example, 1t we 

add together the poaiti-ve parts of two coetne cul'fta tbat are 

displaced by 90°, we obtain a peak amplitude 41~ greater_tnter-,, 
mediate between the original peaks. 

The inherent difficulty being thull inescapable, 1t 

aee•d to the author the .aoundeet procedure to 1nwat1gate \be 
question ot wave~eners, entering Table Bay, der1n the relat1w 
eccentric l"&d11 tor the two paddles, and operat• the paddle• 
together so that the addition of effects would be pertol'lled 
automatically 1n the aodel 1teelf. as 1n nature. 

118, D1ae1pat1on or Vl&Te-E'nergy with Waye-Retraction. 
The problem ot aaseaa1ng the w&Te-energ1.es oarrted into 

Table B&y b1 1ncoa1ng swells waa approached 1n the ·ftret 1n•tanoe 
from an experimental angle, to obtain information on the manner 
1n which wan-energy 1s dissipated on expansion of W&Tes onr 
ahel Ting ground. 

Using the west paddle ot the model alone, single waT•• 
were created whose amplitudes were measured at numeroue point• 
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along the 'WSVe=frontE tor different poaitione of the tronta 1n 

t heir advance towa rd~ the harbour. As in the wave•expansion ex­

periments (p . 351) 9 two of th@ Kymatograph manometers were ua.od . 

1n this work~ t he ~ir-cylinder of one being umed aa a 'control' 

and that o f the other being moved along the line of ·the waTe-· 

crest. 

A typ1oal kymatogram obt,a1ned 1n tbeae exper1J10nta 1s 

reproduced in Fig. 161. The lette1"s and numbers t he rein refer 

to the coord1na"to oyst0m and define th• positions auccesa1Tel7 

occupied by the moTSble &ir-e1.11nder (ct. Figs. 162 (a) and (b) ) • 

For each such position two record.iriga of wa..e-amplitudea w~re 

made. the control boing registered 1n every caae to obeck un1-

tol"ll1ty of eond1t1ons. In measuring the kymatogt'lllla attention . 

was paid only to the first crest and trough or the waw-group, 

since followin g waves wer~ liable to be attected by tbe retleo­

tione of th~ preceding ouea. 

Ueing equation (17), (cf. Section 81, p. 236), as a 

us.sure of' the wa..-e ... energr per unit width per wan-length, the 

products of' the square of the amplitude and the square-root ot 

tho depth were plotted along the wave-crest for each frontal 

position of the wave, as in Figs. 163 (a) and (b). Some irregu­

larity 1n theBe curTes 1s to be expected but it le noticeable 

that the energy of the 'tfflTe apparently increases near the ahore 

when theoret.ically it should taper away to zero. .This appears 

~. to ariee rrom the tact that near the ahQre the measured amplitud• 

{ '{ are always about double or what they should be tor progre11111 'ff 

~~ waves, because it is 1mpoas1ble to d1aaoc1ate a waTe 1n auob 

':J / o1rcumatanoea from lta r,,fieot1on. The correct energl.ea tor 

oona1derat1on near the shore are thu11 about one quarter of the 

amounts indicated by the measured amp11tudea. 

Atter smoothing out 1rregular1t1es 1n the cunes of Figg. 
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163, the waye-enorgy per unit width per wav~-length wa• 
plotted along the streamlines (F1ge. 162) as a perc.entage or 
the energy at the 1n1t1al measuring poa1t1on or frontal line, 
w1th the reaulte ebown 1n Figs. 164 (a) and (b). 

It was then argtied that since curT&ture or retraction 
ot the etreaml1nes 1nvolyed expana1on of tbe W&'fe in shallow 
water, and thereby automatically took account ot -.ar1at1ori ot 
depth, it should be possible to find a single relat1onah1p . . 

connecting waTe energy and cumulative retraction or curT&ture. 
Figs. 165 (a) and (b) represent the result,., or plott.ing tbe 
waTe-energ1es tor all the atreaml1nee trom the data ot Figs. 
16~ aga1net the angles or curvature ot the streamlines. Al­
though there la considerable scattering or plotted points, 
their general dlspoe1 t1on tawura a relat1on•h1P. ot the form 
or a tractrtx. It ls interesting to note that the aeparat• 
model atud1ea tor west and aouth-west or1entat1ons ot tbe 
paddle confirm eacb other alaoat exactly 1n tbe mean relat1on­
ah1p of waTe•energr to atreamline-curT&ture. 

1;i9. 1111-IP•rsr u1,r1ns fabJ.e BU, 
'!'he author's idea in conducting these exper1•enta and 

tn gu1d1ng tbetr aual191a to thta result , •a that , bJ' ••lllll· · 
1ng the 1n1t1al •Te-ener81 per ·un1t width per wan-length to 
be 100% along an arbitrary straight line representing tbe 
frontage ot a ewell 1n the open ooean wost ot Table Bay:, the 
percentages ot energy per unit wid'tb per waTe-longtb along the 
11nea -ot the wave-paddlea oould be aaase11aed by grapblcal aana 
aimpl7 by determining the curvature euttered by the etreaa­
lines ot the wawa 1n reaob1ns the paddle-post t1ona. · Thu•, 
to take a epec1f1o case, Fig. 166 ahowa tho poa1t1ona .ot the 
waw-paddlea, oriented aa 1n the model for the aouth-•••"t awel l-
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direction, 1Juperpoeed on a chart or grapbicall7-integrated eoutb 
west ground-11we1la. The l)01nta numbered along the paddle-poa1-

t1ons represent points of 1ntersect1on with atream~in~a. By 

noting at, aaT, :point number 3 along the 11ne ot the weat 
paddle, the angle which the tangent to the streamline at that 
po1nt makes w1tb the south-west d1rect1on, namely, 13°, we may 
from Fig. 165 (b) aaaeea the energy per unit w1dth per wave­
length aa a percentage of that turther back along tbe etreaa-
11ne where the d1x-ect1on was truly ,outh .. weet, namel7 47%. 
Tbe tnterenoe here 1,, that the wave bas loat 53% of 1ta oJ:1,­

gtnal enera.v along that r,artit:11lar _streamline through trans­
lation and ~etraot1on. 

By ~lott.1n'! tbe energr-,;,eroen~age• ptr unit width along 
• the 11ne ot the •-..-i:addle, 'tbe total energy per •w-lengt,h 

at tbepaddle would be g11t'en bJ' the area under the CUrft, and 
the ratio of these areae tor the weat and north paddles would 
be repreaentati1f'e of tbe relatln pro~rt.1ona ot W&To-enera 
reaching tbe entrance-channels of tbe baT trom 'the aaauaed 

swell d1reot1on. 

An t.nherent det1c1enoy 1n the ap-pltoatton ot the reaulta 
ot Figs. 165 1a tll.o 1mpl1ed aaeumpt1on that there 1• no loea 
ot w&'ff•••rg it there 1a no dertat1on of a atreaal1ne. Stren­
uous efforts were •de to o'Y4trcome thta b7 separating tbe pure 
t,ranalat1on-loee8s ot eners;r troa the loesee arta1ng t~• lat--

. . . eral d1ttu .. 1on on W81f'e-refract1on 1n the erpert•ntal re•ulta. 
but without any real succeea. A theoretical etudJ ot the pro­
blem wae then undertaken wblob euggeet•d new avenues tor e~r-
1ment but •• t.1mo wae •hort and the author' a freedom to·r piNu­

tng them was unhawtly reetr1cted, it waa neo••••l"J to ll&ke-do 
with the results already a..a1lable. It ~ argued 1n Juat1t1ca-; 
tton ot this that ae long aa the exper1•ntal relattonahlp ()f 

F1ge. 165 were applied 1n ctrcuutanoee similar to the · 
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experimental cond1t1ona (ae regards deptb or wa~er and length 
of waYo) the reaulta abould be reasonably· -.114·. 

Flg. 161 then g1wa the energy-percentages along tbe 
west and the north paddles tor three different awell-dtreot-
1ona. The c1rcuutance of theae cuM"ea r1s1ng abow 100% 
at certain points 1a explained by a conYergence or croae1ng 
ot etream11n•s, resulting in a concentration of W&Te-energy. The areas under tbe curTes g1Te the oomparat1Te amounts ot 
energy reaching the west and north paddlee trom the different 
awell-d1rect1ona and are recorded below 1n Table xv. 
Table XV1 Proportion• ot :Wan-lne.JJl entering Clwmela ot Table Bay. 

Snll lreaa under Inergy Cum• Iner~ enteria~ Table Bay Direot- Fig. 187, (aq. oa1) •• pereent ot •• poH1'ble ion. · lre•t I Worth I 1feat lel"t!l Paddle Paddle Total Cnamutl Channel Total ..... I 122 116 217 H(6S) 30(4?) 84(100) ". I 2$0 82 112 88(74) 24( 28) 9!(100) w.s.w. I (!82) 1 (61) I (333) 88(86) 16(1&) 98(100) .s.w. I 177 I 18 I 196 88(90) 1(10> I '18(100) 

'l'be poroentagea g1Ten in the r1ght-band pol"t1on of ~- ~ - . . . . . Table xv were der1 Ted bJ plotting tbe to\al areaa 1n t.be 
tourth column against the awell-d1reot1on °. .aa 1n Fig. 168, 
and relating th•• aa percentages ot the ux1llWI round fro• 
the emootb cune drawn tbrougb the plot.ted po1nu. 

The 1ntereet1ng feat11re of '1118 diagram 1• '\bat tile 
deriYed awell-d1rect1on wh1oh &dlllt• aoat eners, into tbe 
bay 1s alao the d1rect1on fros wh1oh •"ns are round to paral­
lel the ooailtl1ne. Ae a1gbt be expected the importance of 
the north ohannel ot the bay 1ncreaaee wh1ie tbat of th• 

0 The author ii indebted to his &Hiatant, Ur. W. c. Q. Joo1ting, tor the euggeation ot comparing th• ener~iett in thi• way. __ _ 

... 

I 
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•••t obannel deol1uea ...... 11-4tno1;1o11 wen nmd to the 
northward. 

120. %ht 11111n•MDI et Dn-lAlra hlJVk4 bJ •• Ntlft, 
In the ftl'J earlJ •tape ot paddle-operat1ou it ... 

found, aa may read117 be oolll)rehended. tbat unl••• t.he ••­
centi-1o-rad1ua or the drl..S.ng •oban1•• wre Nduoed wt.t.h 
increase of speed. the water would at. eome stage 'begln to 
elop oyer the boundaries ot the 1104el. By a aer1N of tl'lal­

and-error experiment• adopt.1ng Ille ortter1on t'bat wnloal 
water-moff•nte Jue\ outalde \he IIOdel-barbour •lloald not, 
exceed about f-1noh, (equtwlent. t,o 4i fen 111 natuN) the 
atrotes tort.he paddle• tor 41ffeNDt •w-per1o41olt.1ea nN 
found as tn ns. 122. 

Following upon tbe later -.mal ettoru to WUN \be 
wan-eners, 1al)lllrted by the pa441••• deear1'be4 111 Seot1on 110 
( p. 33A) , the ••111-etrokea or eooenrlo 1'8d1l tor "119 wa\ 
paddle were ad.Justed altghtly to thoae abown in P1g. 12:, (a). 
wb1le those tor tbe .nonh-paddle nre arb1tre.r117 tabn la 
the rat.lo of rtw-elgbtbs. 

When the dJD&llOmeter oonneot1ng-rode bad been pe:rteoted 
and installed it wae poaa1ble to undertake preo1ae tull-loact 
and no-load expertaenta on the wan-paddles to determine \M 
energr transmitted to the •t•r tor part1oular eooentrlo-ra41u 
aett1D!fl and W&ff trequene1••· 

In theae experlmenta careful aeleotion ot per1od1o1t1•• 
was necessary to &"t'Old exo1tatton of reaonant baok-•ter oa­
c1llat1ons 1n the paddle well• • . aa these oould produce undealr­
able ettecta annulling the generality of the enera aeaaure­
menta. For eaoh eelected. period - 1.5, 2.A. :,.4. 4.5, 5.4, 
and 6.4 minutes (1n nature) - 1nd1oator d1agrame were obtained 
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from the a.utograpbio d7na11omeier (Fig. 144) tor d1tf'erent eo­

centr1c-rad1ue aett1nge on the driving m.aob1nea w1tb the aodel 

full and empty ot water. Typical enmplea of' theae dtasrau 

are given in li'lSB• l.69 (aj. (b) and (o). many ot wh1eh _were 

overlapped to permit or acco11110datlon .on the ea.me chart.. 

From the enar17 d1agrama thus obtained with a1ngle­

paddle operation, a quantity wb1ch we •1 .call the Eners, 

Function, (betn~ the area ot the diagram tn square 1nohea d1-· 

v1ded by the per1od1o1t7 1n mlnutea) was deterained tor eaoh, . 
and plotted against the eooentrtc radius. The reeult1ng tun~ 

load and no-load cunea took the torra ot ourTea A and A0 1n 

Fig. 110. The general pattern ot these eunea being olrnou. 

it was pose1ble to oorreot for 1nequal1t1ea bf drawtng the 

beat mean oont1nuoua ourfta B and I\, owr them. hl1-load 

and 110-load ounea were 111 tb111 wise obtained tor eaoh of the 

it.elected per1od1c1t1••· 

It wae now Nasonable to aupp,ae that 1t, instead of 

keeping tbe period oon11tant and "tal'J1ni tbe eooentrto-rat'U.ue 

on the •chine. we bad kept constant tbe radius and -.aned the 

speed, tbere would 'be conttma1ty 1n tbe nr1ai1on ot t1-.BQel"gr 

Fu11ot1on w1tb cbanse of per1od1o1t7. In prao~tc•. of oouNe. 

cont1nu1ty 111gbt 1"t disturbed by resonance oond1t1ona at a 

particular per1o~lc1ty, but. tb1a would 11erel7 71eld an••­

bl"01dery on the otberw1ee conttmaoua cum ot the Energy Funo- ' 

t1on-per1od1o1ty relat1oneb1p. Aoool'd1ngly, the e1111e data · 

~ere plotted 1n cunee of the tJPO of' Ftg. in. ua1ng. how­

ever, the emootbed ounes B and Be. of the aerie• of graphs 

a1a1lar to F!-J. 1-70. 'lb.e ev,nea a and ~t' (Pis.• l'n) "" ob­

tained 1n tbls way and ••1'9 then a110othed by th• auperpoalt1oa 

ot the beat aean ·ourYff D and D~. 

l 
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Tho data from ths aeries of cul"9ea D and D
0 

for the 
d1tterent eccentr1c-rad11 went next, tranepoaed baok again to 
the 11ertee of graphs of the type of Pig. 170 ~o g1T• the 
circle po1nta and a t1nal set ot cunea through the•, E and 
Eo. By th1• proceaa the ettecte ot 1nacourao1ea of the 470•-
mometera and T1o11s1tud1noua bebaTi.our of the paddle• wa• 
largely e11m1nated. 

The next prooeea of analysis inYolTed plotting the 
difterencea ( E • E0 ) in tbe ordinates ot the f'ull-load and 
no-load curTes auch aa E and Eo of F1g. 170, aga1nat eooen­
tr1c=rad1u• and periodicity to gi'Ytt the our.as of F1ga. 172 
(a) and (b), appl1oable to the weat and nortb paddlea reapeot-
1:ntly. Fro11 these grapba 1t •• now eaay to ••• how auoh en­
ergy (rslat1Tely) bad been put 1nto the water ot the IIOdel by 
the adoption ot the eccentr1o-rad11 shown 1n Fig. 123(•); 
ourTea W and H, ot F1ga. 172(a) and (b) reapeot1ffly, being 
repreaentat1Te thereof. 

121. Qo-ord1nat1on or the Paddle• to gtye Proport1ona1. 1P1rs111 
The t1nal atage of determining the relattYe paddle 

strokes to g1Te the amounts or waTe-en,rg demanded bJ the 
results or '!'able XV (p. :,61), was now embarked upon. 

The Energr-Fnnct1ona ot the cunes .W and H (F1ga. 172) 
were re-plotted against per1od1c1t7 •• the daah-11ne cur-Ye• 
in Fig. rt3. Now, as already noted on p. :,62, the cr1ter1on 
or adjustm~nt tor tbe original paddl• aett.1nga bad been tbat 
the west paddle should not be operated ao strongly aa to 
cause too large a range ot vertical movement near the b&rbour 
nor too T1olent an action along the model coast. This g.neral 
relationship of .eooentr1o radlua to paddle apeed bad worked 
well and there aeemed no reason wby 1 t abould be changed !. -~---
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energy Y&r1at1on, by the superpoa1t1on of the 01:l!"Ye W(w.s.w.) 
upon 1t. (Fig. 173), and .th1a new oune wae then taken aa the 

desirable max1mam Energy-per1od1o1ty relat1on•b1p tor the nst 

Jilddle to correspond with tbe maximum energ (83%) entering the 

w0st channel or Table Bay tro• the weat-aouth-weet d1reo\1on 

(Table XV). 

31nco the amount ot energJ entering the north cb&nnel 

from the we•t-aouth-west direction 1a 15/83 ot that penetrating 
th• weat channel (~able XV), the ourYe K(w.s.w.) 1n Fig. 173 
whoa• o~dinatea are enrpbere 1n the ratlo of 15/83 ot thoae 
of cuMe W(W .s.w .) will be representative of the enerBJ ent.er-
1ng the north obannel. In a a1•1lar way. by appl71ng tbe appro­

priate rat1oa ot percentages in Table XV for .the other awell­

d1reot1ona, the remaining curtea ot Fig. 173 were found. 

'!'he data trom tbeae ••Teral curna of F1g. 173 were nest 
plotted on the grapbe of F1ge. 172(a) and (b) to g1T9 the h•&'fJ'-
11ne 1nteroepta wh1cb define the eccentric-rad.11 neoeaaa17 to 

g1Te the required d1atr1but1ona of wan-eners,. F1g. 174 gt.Tea . 

finally th• eooentrio radii for the different paddle apeeda, u 

plotted trom Ptga. 172, and theae ••tt1nga were torthwlth a­

dopted in all the subsequent •xper1mente on the model. 

122, spe14 A4 motaont ot tho 11u-El4dlf• . 
In any particular test a~JNlating ewella entering ,..-.bl• 

Bay from a oerta1n direction. the paddle• had to be oorrectl7 
oriented, the llnk and leTer-aett1n£SII adjusted 1n oonfora1t7 

w1tb Table XIV, and the ecoentrie-rad.11 set tor the per1od1o1tJ 
1n accordance with the appropriate pair ot ou"ea in ng. 174. 
There remained \hen only to adjuat the epeed-oontrol or the 

dr1.T1ng aacb1nee to obtain the required W&Te-troquenoy. 

Speed adJuatment wa• ett•oted b7 moTing the ball-
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carriage or the d1ac, ball and roller meob&n1em to alld fro 

unttl the required period of reTolution of the roller wae 

reached. A 11toP-watch waa used tor 1;1111ng tbe re..-olut1ona 

and ta1r17 accurate adjuatmentewere possible. Howewr, lt. 

waa tn general 1mpoea1ble to ensure tbat the speed.a ot •••t 
and north ·paddles were exactly equal: tluotuat1ona ot 11ne-

. wltage alone could throw them out of •,-ncbron1am, and, once 

a~y -,ar1at1on appeared, .the ae1ehea at the harbour 1neY1tabl7 

aaaumed the cbaracteriottoa or boats 1n accordanoe witb tbe 

pr1nc1ples deacr1bed in Section 85 (p. 2.46). 

'l'be danger then aroae t.hat i-f the wriatton of apeed 

between the paddles were wry small, tbe length of the beat 

would become very extended, and the t.1119 1nwlftd tor the 

completion ot a full beat might tar exeeed the time &'fail­

able or allowable for a test. In auch olrcmustancea then 

would be .no knowing in wbat part of the beat tho teet period 

waa located, and the aap11tude M&eureunta aeoured a1gbt not 

be the aax1111111 poaa1ble. 

These dangere nre. &Y01ded by aaktng the length ot the 

beat auob that the whole beat oould be recorded 1n 'the allot­

ted tlmo tor a teat. After muoh cona1der&t1on .1t was tound 

that thie could be aoh1ewd aatiatactorily by setting the 

paddles to a apec1t1c· speed difference ot 1% ot the dea1.re4 

per1od1c1t7. From one to two full beate oould bJ' this de'Yioe 

be recorded on a kymatogram ·and the maxtmu11 aapl1tude ot oa­

c1llat1on, oorreaponding · to a mean per1od1c1ty only t% dltter­

ent trom e1tber ·or the paddle apeede, could alwa79 be po•1-

t1w17 1dent1t1od therein. 

•In nature, of course, the west and north-abannel ground­

anrella arrirtng at the harbour trom a _partioular direction uy 

be expected to ba'f'9 a definite pbaae~d1tferen~e, and the max1-
nium oaa111atton ot a beat, for wbicb the pbaae-d1ttor.noe 1a 



nil, may be an exaggeration or the true state ot affairs. 
I 

Bow- · 

over, as pointed out 1n Section 9:, (p. 271), there w111 be tor i 
' 
I 

eTery per1od1c1ty up to 17 minutes at least one awell-directton I 
tor whtoh the pb•••.;.,d1fference or the ewella in nature w111 be 

nil, and pertect aynchron1•• can .result. 'lo be on tbe aate 

aide, therefore, 1t was deoided to ignore phaae--d1tfereno•• 

and oona1der tbe max1llWII oao1llat1on oft.be beat aa the maxi-
11\lm etteot .poaa1ble at the particular frequency. 

1,2:,. 'lh• Proy1n1 of the 104,1. 
An obT1ous aode ot testing out the rel1ab111t7 ot the 

model and the pr1nc1piea on which its de•lgn was baaed was to 

measure the tr&Tell1n-g t1aee ot waYea oTer the -.ary1ng dept.he 

trom the paddle1 to the oppoa1te ooaet.. 

Aa the •odel bad been expre•aly dee1gned tor long~wayea 

it was decided to conduct e.xper1ents on wans of 4t a1nutea 

per1od1c1ty (2.7 seconds 1n tbe aodel). Each W&'ftt-paddle was 

operated separately at tbta frequency for just a few revolutiona 

at a t111e, auft1o1ent to create a train ot long wawe. Two atr .. 

c711nders from the kymatograpb were disposed at suitable po1nta 

in the model bay. one near the shore. opposite the paddle, and 

the other at some point on the co-ordinate network remote troa . 

1t. usually near the paddie or 1n the middle of the b&7. Th• 

t1mea of arr1 ..... 1 of the leading••• of the group we-re reoorded 

on tbe Kymatograph 1n \he aanner •hown b7 Fig. 175. 

The reaulte ot these teats are reoorded tn Table XVI • 

. wh1oh g1 wa tor comparison the traftl-t1me• OTer the g2:nn . 

. 41atanoea as calculated and aa der1 wd from the graphtoal 

charting or waw-expana1ona - (F1ga. 109 and 110). '!'be calcu­

lated timee were found by plotting the reotprooal ot the waTe­

ftlocit7, appropriate to the depth along the streamline ot the · 
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wave, against the distance between the measuring points, and 
1nt~-~•t..1ng t,~~ &!'$& 1,1:gder the ~une . so obtained. Tb~ claee1 ... 
cal formula (equation (1), p. ·107) was uaed tor th1e purpoae. 
Two calculated t.tmee are given in the table, . one being appli­
cable tQ nature and the other allowing ~o:r the d1atort1onal 

etteots or the ~odel (er. equations (56) and (57)). 

Table XVI: Coapariaon of Trawlling Tia•• of Waves in. Jfodel ed llatun . 

. -. 
Swell Co-orda. of\ Pointe lfo. of Travel Ti11e1 (mi H.) Direot !Paddle \tt .... 1n1.) Obae"- Mea1d. · -. catould. Gralh\o -ion. tro.a to ationa. Jfodel Jrodel Iature Na-tun, -- -

Weat Weat C-8,21-0 L•O,f2-0 29 10.99 11.<>I 10.96 10.80 
(Period Weat 10 

I 

! 

I G-0,23-0 T-0,27-0 8.16 ioitJ 8.19 7.08 7.88 --· ! 
f.5 •orth -K-O,t-0. L-0,,2-0 88 19.28 

: 1 

mi:tae.) 19.88 18.89 18.30 
Borth 0-0,ll-tl L-0,,2-0 20 1,.e, lt.M 13.96 11.se 
·~rth a.0,20..0 1-o,•1~e 1, .. . lQ.79 lQ •• 1 . . 10.18 9.la 

The general agreement in the results or fable XVI muat 
be considered very satisfactory. Not only does 1t prove the 
model reliable, but it establ1sbea t~e essential appl1cab111-
ty of the canonical equation tor wave..-veloc1ty and or the de-

. gree or d1stort1onal ettect, at th1s wave-per1od1c1t1. 'l'b• 
prototype-times determined by; the graphical method, howeYer, 
appear to be on the low side, to Judge by the cal.culated equ1- , 
valents.; Ae the graphical method is also dependent on the 
theoretical wan-velocity in different depths o't water, the 
discrepa11e1 probably arises from a cumulat1n error in plot-
ting. 

.1 ., 

j 



124. The Cr1t1cal Per1od1c1t1es of' O,sc1llat1on for the :Model 

Harbour . 
ETGn before the paddle settings had been determined 1n 

the way we have narrated, 1t was apparent that the model could 
success:t'ully reproduce the Ranse-phenomenon at c-erta1n w&Te­
f'requenoiee. Pre11m1nary explorations ahowed that the _9ac1lla-

. t1ons tended to bu1ld up when the impressed per1od1o1t7 ap-
- proached in value the natural period or a bas1n. Therefore, 
to seek out the dangerous trequenc1es whoee el1m1nat1on would 
have to be specially planned in any remedial measures tor com­
ba..tt1ng Range• the t1rst phase ot model-experimenting ( once 
the paddle-adJustmenta had been settled) was directed towards 
examining the 1nf'luencee of swells from d1t!erent d1rect1one 
w1th1n a band ot per1od1c1t1es from 1 t.o 8 minutes. 

The account of theae --ex'per1mente baa been giTen 1n sec­
tion 97 (p. 283), and 1t 1s unnecessary t,o repeat it here, ex­
oept to reter the reader to a typical k,.matosram tor tb1e aer­
ies of teats, reproduced in F1g. 176. - Here thebeat-oac111&­
t1ons resulting from the interaction of the west and_ north­
paddles are clearly depicted. For the three wave-per1ode 
ehown, 1t 1a interesting to note that the water is entirely 
undisturbed within the Alfred Basin. The figures 1nee1"ted 
in the ventral loops of the beats give the maximum widtbe ot 

· the loops in millimetres. 

The periodogre.ms · or or1t1ca1 frequencies 1n the harbour 
tor ~be four s1utll-dtreot1o~s teated have already been pre­
sented in Figs. 124. _Aa might· be expected, a aoutb-weet swell 
produces the weakest reaponse. Curiously, a weat-eoutb-weat 
s-well which adm1at most wave-energy · 1nto tb~ bay, does not · be.:. 
get the maximum Range-offect, the blame for which must be 
divided between weaterly and west-north~weaterly awells. Tho 

r­
t 

L 
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reason tor this is not d~ t'f1oult to ad.duce. since the latter 
swells,1n virtue of their d1rect1on,tend to concentrate the1r 
etreote more at the head of the bay. 

The generally satisfactory correspondence between the 
critical periods tor the harbour bas1na tound 1n theee experi­
ments and thoee ·obta1ned from prototype measurements (ct. p. 
286) provided further proot of the re11ab111ty ot the model. 
Two further check experiments, however, were undertaken to en- · 
dorse absolute oont1dence in the model. 

125. Final Proof-Tests 9f the MQ<Jel. 

The model at tbie stage bad auoceeded 1n demonatrat1ng 
Ranse-act1on and in reproduo1ng the etrecte then currently be­
ing experienced in the real harbour, whose conatruct1on at tbat 
time (early 19A6) was complete. It had been noted th.at the oe­
c1llat1ons in the Duncan Baa1n bad not always been the same 
(ct. Section 100, P• 292 and Table II, P• 134) · owing to the 
changing conr1gurat1on or· this do~k -dur1ng its oonstruct~on. 
It was therefore argued that, 1f the oond1t1ona of earlier daya 

were reproduced in the model and the model succeeded 1n account­
ing tor the obaervod effects at those times, the model could be 
relied on to expose the Range-oond1t1ona accurately tor any 
given set of circumstances, euch as m1@bt arise trom altera­
tions made to the shape or form or the ·harbour. 

The first proof-teet simulated the oond1tlona of NoTember, 
19.dl, as we _ haye· d·escr1bed in Section 100 (p. 295). As the 

·only obeerY&tione of the natural phenomenon in 1941 were con­
tained 1n the marigrams or the Lea t1de-sau@e at E/F berth 1n 
the Duncan Dock, 1t was essential that one ot the a1r-ofl1ndere 
or the Kymatograph should be located at ·the site ot this t1de-

. . gauge in the model to record a comparative effect. 
-

; 
' 

' 
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The per1odograms for thia experiment baye already be•n 

preeented 1n Fig. 126 (cf. p. 295). It we con!1ne ourselTee . I . 

here merely to the cons1derat1on or the periodogram for the 

E/F berth location, we could, from the model results, expect 

a tide-gauge record for 1941 to show not only a or1t1cal peri­

odicity or 4.3 minutes but also per1od1c1t1ea of 6.2, 6.6 and 

7.1 minutes (aa opposed to the normal 5.3-5.7 minute oac1lla­

t1ona of the completed ba•in). The co-ex1atenoe ot the three 

longer-period 01oillat1ons would tend to show as a beat oa­

c1llat1on ot period &Teraging about 6.5 minutes, wbicb 1a ex­

actly what we find in Table II (p. 134). 

'l'he second proo.t-test reproduced oonditione 1n t.be 

Duncan Baa1n as 1n NoTember. 19A3. As changes in the trans­

verse osc11lat1ons of the Duncan Baa1n were not ln queetlon , 

tbe frequency-band ot the teat was confined, aa before, to 

periods that would enTelop the longitudinal oec1llat1ona of 

the basin. The per1odograma tor this experiment haTe already 

been discussed on P• 297, but in respect of the E/F berth 

location 1n particular we note trom Fig. 127 that tbe strong 

band ot critical period& between 6 and 7 minutes, so promi­

nent 1n Fig. 126. has been reduce~ to comparat1Ye 1ns1gn1t1-

cance, lea.tng only two minor peaks at 5.55 and 6 'm1nutea 

which might be expected to coalesce to give a beat oac1lla­

t1on of about 5.8 minutes period. In contrad1stinot1on, the 

former 4-3-minute cr1ttcal period has atrengtbened 1nto ' a 

strong band from 4.3 to 5 minutes. 

These results confirm generally the obaemtiona- tor 

the 19&3 period. giYen in Table II {p. 135). 'l'he complete 

submergence of an1 oac1llationa above 5 minutes 1n the L~a­

sauge martsrams tor that period and tor the following year 

or 1944 has been explained 1n Section 100 (p. 298) on the 

basis of the mild Range-conditions preY&111ng for that year 
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and the upsetting or the normal regime by the shoal-bank out­

side the Eastern Mole. Tbe pos1t1on, it must be realised too, 

was never static, tor dredging operations were proceeding con­

t1nuoualy1and their etfecta were,as atead11y,1mpressed upon 

the behaviour ot the water-mass within tbe basin. 

All these reaults, taken ·1n conJunct1on with tboee ot 

Sections 123 and 124, were considered to have proved the model 

auf'f'1c1ently to justify its use 1n ·examining means ot quelling : 

Ran_ge-d111turbances in the harbour. The main and t1nal phase 

of the model experiments was .therefore embarked upon. 

126. hPtt1MDU&l Procedure 1n the Testing or Tr1ai-so1u1cJcm1. 
In all the model experiments a certain procedure waa 

followed conaistently, which it may be as well to olartty here. 

Preliminary cleaning and calibration of the ·KJm&tograph 

was always undertaken before any lengthy series or teats, but 

it was not considered necessary to do this dally during oon­

t1nuoua teat1ng. Disconnection and emptying or the atr-oyl1~­

dera,betore re-connection and 1mmera1on,waa the only daily 

operation round to be desirable. 

The model was drained auft1a1ently to expose the sand­

bed in the region under tbe trayelling platform, and this area 

was remoulded and trued to the profiles or the ceiling-suspend­

ed templates. The aand-sborel1ne trom Paarden Eiland to 

Blaauwberg was also remoulded to templates • The depths ot 

the sand-bed 1n the Duncan Basin below quay-leTel were special­

ly checked. 

The model was then refilled with water to 1nd1cator­

lenl at the sump. A check or the leYel waa always made at 

the harbour, and a daily cb~ok 1n this regard was necessary, 

although seepage and evaporation losses were generally 1na1g­

n1t1cant. 
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As all the experiments were directed towards 1mproT1ng 

oond1t1ona in the Duncan Basin, in virtue or 1ta being a new 

deep-water dock spec1ally built ror handling large ah1pa, 

measurements were mainly confined to aaseae1ng the magn1tudea 

of tho oso1llat1ons 1n its tour corners. The latter were well 

au1ted to reveal the worst effects of the se1chee ·pre.alent, 

since they constituted intersection points ot boundary~walla 

1n two d1rect1one at right angles. The tour a1r-cyl1ndera or 

the Kymatograph were accordingly disposed 1n these positions. 

So long as cond1 t1one 1n the old harbour ( V1otor1a and Alfred 

Basins) did not deteriorate, there was no special lntereat in 

measuring etfecte there. preliminary tea ta baT1ng ahown that 

very little could be done for the Victoria Baa1n owing to tbe . 

proximity or ita entrance to the breakwater bight, whioh tol'lla 

the antinode ot so many external oso1llat1ona (or. P• 311). 

The paddles were oriented and adjusted to the aett1ng11 

appropriate to the swell-d1rect1on, which tor moat ot the ex­

periments was taken as west-north-west, as we shall see. The 

paddle strokes were varied for each per1od1c1ty according to 

F1g. 174, and the north and west-paddle speeds were made to 

differ by 1% of the desired nominal period. 

The maximum range or the osc1llat1ons 1n the beat­

effect from dual-paddle operation, regardless or pbaae-d1tter­

ences, was taken aa the measure of the disturbance at each re­

cording point. No oarectiona for distortion ot the time-scale 

or the amplitude-scale were made in the presentation or re­

sults for the reason that the records were alwa1s made com­

parative as between the existing harbour lay-out and the · 

particular tr1al-eolut1on being teated. 

Whore the trial-solution involved no drastic change to 

the harbour lay-out and could be readily 1ritroduood into the 

model without serious interference with the bed-cond1t1ona, 
-



1t was made during a cont1nuoua running of the paddles at the 

set frequency. By th1a deT1oe exactly comparable cond1t1ons 

could be teated in the existing harbour and the tr1al-aolut1on 

without stopping the psddlea. 

With complicated tr1al-aolut1ons whose location and 

alignment were specially important and preTented· rapid aub­

at1tut1ona without tear of disturbing baa1n-ahapea and bed­

leTela, it was oonaidered more expedient and, in the end, more 

comparat1Te to complete a whole sequence or periodicities for 

each trial-solution in turn, a·nd then, finally, for the existing 

harbour. The chance of' amall errors creeping in here to de­

tract from the absolute comparability of trial-aoluttone with 

each other and with the present harbour, had to be taken; it 

was, 1n any case, the leaser ot. two necessary e'Yils. 

In the preliminary trials no great attention was paid 

to the stifling of per1od1cit1es aboTe about 4 minutes, a1noe 

by tb1e time it had become apparent, as we shall d1acusa in 

the next chapter, that ships were reapons1ve mainly to aurgos 

of higher frequency. In1t1al probings were made t.o coTer a 

frequency range from 1 to A m1nutee, which was extended to 8 

minutes only 1n the case ot prom1a1n_g-look1ng solutions. 

127. Attempts to Abate the Transverse Osc1llat1ons in the 

Duncan Doek. 

We h&Te seen that the worst effects or Range 1n the 

Duncan Basin, f'ound in the cr1t1cal-frequeney tests or Figs. 

124, were recorded for west and west-north-west swell d1reot- . 

ions (p. 11}9). In particular the critical per1od1c1t1es 1n 

transverse osc1llat1on were 1.80 and 1.625 mins- . {uncorrected) 

for wayes f'rom the west, and 1.825 and 1.65 mina. tor waves 

trom west-north-west. Tbe first aer1ous experiments attempted 
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to destroy these oac1llat1ona f'rom w1tb1n, bJ creating con­
ditions untayourable to the internal development ot tundaaen­
tal t -ransTerse se1cbes. 

The test& were dlrtded into four groups of tr1al-aolu­
t1ons shown in F1sa. 177 (a),, (b) and (o). Group A atud1e4 
aetboda or subduing the oac1llat1one bT aeane of internal 

· atrtioturea,, keeping the entrance of the baa1n 1n lta preaent 
poa1t1on; group B· exaalned the etfeot of m•tn-g the • entranoe 
to attterent post tlona along the length ot the Baetem Jlol•; 
group c expl<>red oondttlone -.hen internal atruoturaa were ln• 
troduoed at the optimum position tor the 1.825 udn .. crtt1cal 
per1od1c1ty, and group D when_ the entrance was at tbe-opt1-
11l\l11l poa1t1on tor the e11•1nat1on of tbe 1.65 min. per1od1o1tT· 

Beto re embarking on eaoh group of teata, prel111in&l'J' 
. trials were made · to deo1de which trtal-aolut1on.s should be 
recorded. -Clearly 1t would be 1mpoes1ble and unneceaeary to 
record tr1ala which were •nifestly ot no acoount, and the 
aolut1one dep1oted 1n F1ga. 177 are to be regarded 'therefore 
aa the most prom1a1ng for the g!Ten s1tuat1on. 

The resul ta ot the group A experiment!! are preeented 1n 
Fig. 178, 1n which the magnitudes or the meaaured oacillat1ona 
are gt ven as a percentage ot the max1mu11 recorded tor the ex­
isting baa1n. The solution which ranks beat in this group 1a 
seen to be A7, tor wb1ch the transnrao os.otllat.1ona 1n all 
four comers ot the dock are 1n genera·l less than 25%. .The 
reaults for the west and weat-nortb-west swell-d1rect1ona &!'e 
seen to check each other YeJ:'1 s&t1atactor1ly: · on .these groundii 
it was . decided to conduct all further experiment.a for the weat­
north-west cond1t1ons only. which gave the worse reeulta. 

In the group ·B exper111enta the entranoo ot the Duncan 
Baa1n wae 110Yed in steps ot 200 feet alo·ng· the length of the 
Eastern Mole from its present pos1t1on at -1250 :reet trom the 
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corner or A berth to a distanoe or 3850 ft . (measured to tb• 
centre-line of the entrance) . · In th1• case the width ot the en­
t r ance wa1 presened at i ts present 400 t t. Tbe roaulte of tb1e 
aeries of exper1m.enta are shown 1n F1g. 179, from which it 1• 
e~1dent tbat there 1a no optimum position for the basin entrance 
which will aubJusate both critical per1od1c1t1ea. The 1.825 
min. oaa1llat1on 1• Tirtually at1tled wbon the entranoo 1• at 
3250 feet rrom A-berth corner, but the 1.65 min. oac1llat1on• 
are then worse than tor the ex1at1ng doek. The latter osc1lla­
t 1ona, on the other hand, are at the1r minimum when the entrance , 
1a at 1850 tt. from the A-berth corner, but 1n those o1rl:~ ­
atanoea the. 1.825 min. ae1c~ea. are coneiderably worse agatn. 

In the C group ot tr1al-aolut1on11, the entraDe to the 
Duncan Bae·1n was located at :5250 tt. f~m the A•bertll oorner 
and attempts were made to .subdue tbe 1.65 minute oso11l&t1ona. 
It waa found that tb1a oould only bt aob1e'Y84 with a north pier 
with, or without, an 1aland pier of'· 'mulberry', a o·omb1nat1on 
auggeated by tbe Chlet C1rtl B'rlgtneer, Mr. wn W1111oh (Flg. 
180). Tr1al-eolut1on AT was 1noorporated 1n tb1s aeries aa C9, 
by wa:, ot comparieon, ·and Nterenoe to Fig. 180 shows. that AT 
or 09 ranb beet. although a4111tt.edly by only a a•ll argln. 
Trial-solution, 02, tor a north pier wlthout a '11Ulberry' appeara . 
to be quite aattstactory and reduces tbe oao1llat1on at all cor­
ners to leas tban' 25%. 

F1nallJ 1n the D group of experiments the entrance or the 
bas1n waa located at 1850 tt. from the A-berth corner and tb• 
tr1al-aolut1ons were designed to quell the 1.825 m1n. ae1cbe. 
Here 1t was found that a north pier was alone ertlcaotoua, and 
an 1aland pier or no 't&lue. In this test solution A7 waa in­
cluded as D6, which. as F1g. 180 sbowa, ranks beat also 1n tb1a 
aeries. 

Solutton A7. (F1g. 177 (a) ) , introducing to the Duncan 
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Baa1n a 950 rt. north p1er. central between A and E berths, and 

a 450 tt. stub p1er at right angles to the Eastern Mole .at a 

distance or :,250 :rt. f'rom the A~berth corner, thus seemed, at 

this stage, to be the beet 1nbib1tor or the t~neTeree oao1lla­

t1ons. 

128. FremaonqJ-Band Reapon11 of s,1,cted lnt,en,al irx1,a1-so1u1opg 
Tr1al-aolut1on A7 waa now P11t to the more r1goroue teat 

ot reTea11ng 1ta frequency-band response to all per1od1o1t1ea 

between o .85 and 4.0 minutes •. at, 1ntoniala ot o .1 minute 1n tbe · 

upper region of this range and O .05 minute 1n the lower. The 

comparative per1odograma for the existing basin (yellow) and 

the basin with the addlt1on ot the p1ere (red) are presented 

in Fig. 181. 

It 1a apparent that alt.bough A7 aucoeeda 1n ironing out 

the worst ettecte ot the 1.65 and 1.825 min. oao1ll&t1oaa~ 1t 

begets tnetead, eapeo1ally ln tbe A-berth corner ot the dook, 

a band of cr1ttcal periods between about 2.1 and 2.6 minute• 

which at preeent do not extat. At tbe E-berth corner, aore­

OTer, a cr1t1cal period ot 2 .1 minutes attains proport1ona of 

consequence. and tbe ex1at1ng cr1tical band between 3.6 and 4.0 
atnutea ts increased in mapttude. As no sch•• cou1d be ac­

cepted, wbiob, wb1le curing one 111 was 1natru11ental tn pro­

ducing another, A7 bad neceaear1ly to be rejected aa an anti­

dote to the problem. 

It was necesaa17 then to tall back upon auoh ot the other 

tr1al-aolut1ona ot the A, B, C and D .group experiments aa offered 

the_ next beat promise or being sat1atactory. Four aucb were••­

lected, namely, A2, D4, C2 and 05 (Figs. 177) • which were re- · 

designated E2, E3, E4 and E5 respeottnly of a new E-group oe 
exper1Ulents (F1g. 171 (a) ) • For each per1od1c1ty 1n turn meas­

urements were made on El, E2, •••• E6 1n consecutive order, ao 

that the teats both started and ended w1th the ex1•t1ng baetn. 
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The result.a ~r thes.- e~e~111enf.s "" given 1n F188• 182 (a) to 

(4). 

Qu\t.:, a ot.tr'llOr.'f glam:s• elJow-. · that none of these eche11ee 

pron.des an answer to the problem. One and all merely 1nduce 

other cr1 t .tcal oeo1llat1ons which are non-existent 1n the pre­
sent Dunoa~ Dot,k. and this ta 1argel7 the result ot pro'Y1.d1ng 

compartments or ~maller quaa1-bae1ns within the parent basin, 

which are able to promote resonant oac1llat1ona attuned to 

their own special d.\11enaton•. 

At the request of the Cb1et C1'Y1.1 Engineer. Hr. wn 

W1111ch, bowewr, et111 further teats were made ot tr1al-eolu­

t1one employing piers of different lengths at the northern end 

of the Duncan Bat11n, wltb the bas1n-entranoe 1n •r1oua poa1-

tlone. The group L anc! M trtal ... aolut1ona 1lluatrated 1n Ftga. 

183 (a) and (b) are typical of the 'Tllr1at1ons tr1ed. The en­

trance Wl\8 locat.ed 1n four d1tferent pos1ttons, at 1250, 1850, 

2250 and :,~50 ft .. from the A•berth comer. and for each BUOh 

entrance~?J('attton tour lengths of north pier (altu•ted between 

A and E bertba at 800 f~. · from E-bertb) were teated, namely, 

'750. 950,. 1150 and 1:,50 ft. 

As none ot tbeae tr1al-aolut1one was any more aucceaa­

tal tban the R-group, we eball content oureelws witb present­

ing tbe pertodograms for the L-group only (Figs. 184 (a) to 

(d) ), which are typical of the rest. It la much the aame 

storr: hampered in one area, the osc1llat1ona break out in 

another, possessed of new cr1t1ca1 frequencies and amp11tudea 

of at111 dangerous proportions. 

129 • TJ1'1l::~bllcm! .. .Slt,. .. lbt ... Qut1r-:eaa1n Type. 

It 1a con~nl~nt here to take atock of the position. 

By the time tbe experiments Just described had been completed, 

other research•• on ahtp-reaction to surging 1n the harbour-
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basins bad e"finoed the important tact that aea-oeo1llat1011a 

ot 1 mt~~t.~_ P-8~~~- a~cl _ _;l~~-' -· ~~~l:~--J~411~, __ reaonant eurgt:ng of 
moored ab1pa. J!oreoftr, . Hasurementa of eea-11oveanta tn 
the Duncan Basin (of. Table IV. p. 257) bad shown that aoM 
ot these b1gber-frequenoy oac1llat1ona were by 110 means 1n­
cons1dersble. It was endent, therefore, tbat 1t wa• 1apor­
tant not only to at1tle the tranaYerae oao11lat1ons 1n the 

Duncan Dock (periods of 1.5 to 1.9 mine.), but, as tar•• 
posa1ble, any ae1obea ot bigl'ler frequency. 

S1noe the various tr1al-solut1ons tbwl tar oona14ered, 
all of which maintained the entrance width of the Dunoan 

. . Basin at 400 n. tailed to preYent the 1ngrNa of pro11d;ne11t 
dieturbancea of per1od1o1t1ea as low aa 1.5 a1nutea, it waa 
clear that the only way to render the Duncan Dook 1- to 
these and higher treq11eno1ea would be to oonetr1ot tbe ,400 
ft. entranoe. Prom tbe pr&ct1cal nangat1on point of new. 
reduction of the entrance-width could not be entel'talned, and 
the only way of obta1n1ng the equ1~lent daaptng effeot waa 
through the medium ot an outer baa1n. A ser1ea of expert•nt• 
wae therefore dea·1gned to try out aelected forms ot outer 
baa1na, enTelop1ng the Duncan Dock. 

Early experiments on the model, (not here deaoribed), 

1n wb1cb certain shapes ot outer baa1n were tried out, appear.;. 
ed to establish that the use of the present breakwater aa one 
arm of the containing basin waa unaattaraotory. Mr. a.ors-

. $ 

Stewart' e solution to the Range problem, in paJtt1oular, 1n-

vol"t1.ng an extena1on of tbe breakwater and the const:ruot1on 
of a new breakwater trom the M11nerton shore to meet it, was 

. . 
. round to be relat1Tely 1netfeot1Te, lar~ly, 1t muet be sup-

posed, becaucse ot the penetrating po·wer of long · \Jfina and the 
absence of any obetruct1on between the preaent breakwater and 

• L.o. (ante p. 125), [80) .. 
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the ehore to !)reyent a repet1t1cm of, tbe •x1at1ng regime ot 

· se1ches. 

An outer bae1n within tbe lee or the present breakwate:r 

was -round to be tar more ettect1 Te, and tbe reason ·tor tb1a 

mu.st lie in the 8UCC9881ff thwarting, tt proY1dea, of W8T8-

progreaa1on, and in the upsetting or the breakwater-shore 

oac1llat1ng system. 

In a F-group of experiments certain . pr1no1ples were 

followed 1n arr1 Ting at the aye rage torm of . outei- wi:in:, aa 

follows: 

1. The oute.r basin should fall within the lee or the 

ex1~t1ng bre.anater, and should ennlop the entrance 

of the Duncan Dock. 

2. 'rhe entrance to tbe Duncan Dock aho~ld be transferred · 

to a central position 1n 1ta length and be uot more 

than 800 ft. wide. 

:,. Tho entrance of' t.he outer basin should be approx1•tel7 

aligned between the Dunoan Basin entrance and the end 

ot the ex1at1ng breakwater. 

4. The long arm of the outer bllain should take root on 

the Eastern Mole near the Sturrock Gr&Ting Do~k. 

5. 'l'he outer baein generally should be streamlined to oon­

torm wltb wa_Te-expaneion 1n the outer roadetead. 

The . first condition waa held to bet ot particular im­

portance in arreat1ng the penetration . ot high-frequency w&fltli 

into the outer bae1n. It imposed a reatr1ct1on at one• on 

the d1etance seaward troa. the ox1et1ng harbour ot the outer­

basin entrance. 

The second cona1derat1on aimed at defeating the st min. 

long1tud1nal · ee1ehe 1n the Duncan Baa1n, which would not~ 

able todewlop 1n aerioua form tt the entrance were located 

' 
i 

. ' 
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st, its node. 'l'o ass111t nartgat1on tt was desirable that 

such a protected entrance should be wider than ,400 ft., but 
800 tt. was oons1dered to be a neceeaary limit tor the cur­

tailment or undesirable internal eftecta. 

The third pr1nc1ple enaured a d1rect1on of approach 
or departure tor ships wh1oh would not be tar remoTod troa 

t.be prevailing wind direction and would. thereby aaa1et nart­

gation. 

The fourth at1pulat1on was •de with tbe obJeot of 
ayo1d1ng encroachment on the Paarden Eiland ehore and inter­

ference with tbe play of foroe11 there. From what baa been 
said or tbe erosion along tbe coast near the harbour, (Sttc­

t ·1on lA, p. AO and Section 102, p. 300), 1t would clearl7 . 
be folly to 1e;nore th1a aspect. To giTe aoae length tor the 
absorption of aeichea 1n the outer basin a point on the 
Eastern Kole near the Sturrock dock seemed a oonTen1ent 
place ot offshoot tor tho long arm. 

The f'1tth and final consideration sought to pena1t 

proper expana1on of swell• in by-passing the harbour, with­
out removal or an7 more spending beach than baa at present 
been taken from the bay. It required 1n eeeence that. the 

long arm ot the outer basin 1hould lie along the natural 

flow-11nea or tbe waves expanding past the breakwater. 

It this pr1no1ple were followed, the outer bas1n. 110 tar 
from being harmful, should be benet10,1a1 for the reaaon 
that it would trap a fair proportion of refracted waw 
energy cur-.-1ng round the end of the breaktrater, while af­
fording a gradual expa.ne1on and eTen d1atr1but1on ot the 
remainder on the present spending beaches. More part1cula~ly, 
the atreaml1n1ng would preTent undes1rable retlect1one of 

1nc1dent @r<>und-swells such &e at present occur at. the · 
Eaatern Mole (or. PP• 251, 270), and would thua a11111t 
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materially in 1nb1b1t1ng atand1ng-waTe tormat1on and. ulti­

mately, erosion. 

Application ot these r1ve principles praot1call7 deter­
mined the aha:oe and a1ze or the outer bae1n within ta1rly nar­
row 11m1te and tr1al-solut1one F"' Hand J {F1g. 18·3 (a) ) are 

typical of what aeeaed poaa1bl_e on tb1a baa is. 

The -per1odogre.m teat-reaulta tor tbe F-group ot tr1al­
aolut1ona are contained 1n Figs. 185 (a) to (t).· On the whole 
they are wry prom1a1ng and 1nd1oate that moat of the aer1oue 
short period oac1llat1on1 oan be T1rtuallJ e11m1nated 1n the 
Duncan Basin. Solution F2 probably ranks beat. among the ll'­

group, Judged aolely on ita pertormanoe 1n at1tl1ng tbe trana­
nrae oec1llat1ons. · There .is perbapa not muoh to obooae be­
twe_en Fl, F2 and F:,, but th• euper1or1ty of all ot tbeee onr ! 

F,4, F5 and F6 11 so definite ae to prow the adTlintage of b&Y• 

tng the abort arm ot the _outer baa1n nol'lllll to the A-bert.h 

pier. 

The long1tud1nal .oac1llat,1one tn the Dunoan Baa1n, 
though reduced in magnitude. are not eradicated. In point of 
taot. boweYer. the low frequency oao1llat1ona 1n the F-group 
•cbemea &1'9 not really longttud1nal tor the Dunoan Baetn at 
all, but. rather. diagonal ae between the outer .baetn and op­
posite ends ot the Duncan Dock. The pera1atenoe of at.rong 

• • 
per.1od1c1t1ea or this order (5} 111nutea) is not ot wry -••,11- · 
ioua consequence aa 'they are ot relatiwly ••11 account 1n 
disturbing ehtpe moored at the quaye; ot wb1oh aaii,eot •re 
will be ••1d in the . next chapter.- In general~ thttretore, 1 t . 
oaa be aa1d that the total etteot ot an outer baa1n euob •• 
P2 11 ftl'J ·•attatacstory and approaobee the 1deal ot a perteot 
eolut1Gn. 

Two "tartatione ot the P-group trlal-eolutlone were .then 
teated 1n the form ot H arid J (Fi!• 18:,_ (a) ) • '?he aeoond · 



opening was introduced 1n H with the idea of quelling the diag­

onal oac1llat1ona referred to above, but th1u scheme, on being 

tested f1ret tor efficacy over the high-froquenoy band. wae 

found to fall eo fa:r below the standard.a of the F solutions 

that 1,t waa abandoned. 

· The periodograma tor trial-solution J (F1g. 186) g1Te 

perhaps the beat performance ot any 1n flattening out tho oa­

c1llat1ona 1n the high frequency band. and the reaaon tor th1a 

TJJll,,y clearly be ascribed to the aucceaa1Te choking proT1ded by 

the double outer bae1n. Solution J. on the other hand. g1'Y8• 

more critical diagonal oac1llat1ona at si-6} m1nutea than tho 

F-graup. It lost tawur t1nally through 1ta propensity tor 

developing treaoheroua current~ through the Obain or entrance• 

at the longer per1od1o1t1e• (10 to 20 mine.), aa these would 

undoubtedly oonet1tute a hazard to the safe paaeage of ehlpa. 

Kod1t1cat1ona ot the J tr1al-aolut1on were next tried 

with a new to awtdlng pro:.icl•te entranoee; the N-group ot 

F1g. 183 (b) represent the wrtanta. In Nl the entrances baft 

merely been placed tartber · apan, while 1n R2 and H3 the op­

posite &l'IIUI or the outer ba•tn are •taggered ao aa to ooapel 

penetrating waves to baw a a1nuoua ountng action round the 

ends or alternate arma. 

'!'he periodogra• tor the R-group expertunta are ehown 

in F1SB• 187 (a). (b) and (o), troa which it la readily seen 

that Nl and N2 are oonsiderabl7 better than N3" in the higher­

frequency range ot oactllat1ona. Solution Nl 1a somewhat mon 

ef'f1c1ent than N2, but the latter nennheleaa tult1la tbe re­

qu1re11ente or a complete aolutton 1n tb&t it reduces all oac11-

lat1ons ot per1oda leas than A minutes to leaa than 25% ot the 

oac1llatton at the E-bertb corner of the ex1at1ng Duncan Dock. 

For being a1nua the pier abllttlng on the Elbow, •••• 112 t• . 
obrtoualy proterable ton. 
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The F2 aTid N2 lav-out~ could now be said to l121ve evolved ' 
as real aolution,s of the Range problem in the Duncan Basin. To 

draw the final nomp&rison. the F2 solution vas now retaated un­

der the same conditions ms prevailed for the N2 trial. for the 

reader will no doubt baTe remarked on the considerable differ­

ences 1n thft •xt-,t1ng-harbour (yellow) pariodograms of F1ga. 

185 and 187 (cf. p. 29.;). 

The results ot re-testing F2 (P aer1ee) &re shown 1n 

Figs. 188 (a) and (b), of whiob (b) now 1ncludoc measurements 

made at tour points in the Victoria Bae1n. Figo 188 (c) g1Tes 

the comparable ertecta or th• N2 1olution on th~ Victoria Basin. 

Comparing the N2 and F2 achemea for the Duncan Basin 

(F1gs. 187 (b) and 188 (a) ), we aee that F2 1a slightly more 

efficient 1n quelling the high-trequenoy oac1llat1ons, but 1s 

somewhat less eft1oient tor por1od1c1t1es above 4 m1na. The 

comparison of ettecta in the Victoria Bas1n, however, (Figs. 

188 (b) and (c) ), showe that F2 1s outstandingly better than 

N2. The latter, 1n tact, aer1ously increases the mae;nitude ot 
the Range effect 1n the Victoria Dock, while the former d1mtn­

iehea it. A particularly bad reature of the reperousi,1ons of 

N2 upon this basin 1a the enlargemont of the osoillation at 

2bout 1~35 minutes. These turtber teats t herefore rule out 

scheme N2 aa a tenable molution, and F2 emerges as the onlJ 

really aatisfaotory one from all points of v1•w. 

Up to this atage all the outer-basin tr1sl-solut1ona 

bad been teated with deptba in the baaina aa they existed 1n 

· 1946. As adoption or· any scheme auoh as the F2. aolut1on would ' 

require dredging at the south end or the Duncan Basin, turther 

teats (Q series) were undertaken to examine this aspeot. The 

reaulta (Figs. 189 (a) and (b) ) ahow that by dredging to =40 

tt. (LWOST) OTer the whole ot the Duncan Baa1n, the rea1dual 



osc111at1ons which penetrate into th1a dook are somewhat 1n­

creaaed, but not su!f1c1ently to 1n'Y&l1date the F2 acheae •• 

a aolut1on. In the Victoria Basin the P aeries teat-reaulta 

are oont1l'lled, conditions being relat1Tely unchanged. The P 

and Q aeries testa indicate that it the F2 solution were e..-er 

-adopted, 1t would be desirable to restrict dredging ot the 

1outh end or the Duncan Baa1n to a minimum oonaonant w1th 

the sate n&T1g&t1on ot ships. F1g. 190 1a a photograph or 

the F2 acbeae ae it looked during trial 1n the model, and Fig. 

1911a a detailed plan ot tta lay-out ahow1ng the atreallllnlng 

in relation to incoming waTea. 

Th1s concluded the programme ot model-teat1ng up to 

tho end ot the author'• stay at Cape Town (Deoe11ber, _1946). 

At th1e t1me of writing (1951), further teate are ae,a1n ln . 

progreas to decide along what 11nee tho future expana1Qn or 
Table Bay harbour should take place. Tbe ult1•te reco-ncla­

t1on tor a practtoable acheme w111 be tbe reapona1b111ty ot a 

Special Committee of the. Railwa1a and Harbours Ad•1n1atra-tton. 

As tb1e is matter or pol1oy, _1t ta not the author's 1nten\1on 

to go further into tble question 1n tbeae pagee, eutt1ce tt · 

to aay that the principle or the protected outer~baa1n ••• .. 

to ba•• been accepted•• the dea1rable mode ot dewlopment. -
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CHAPTER XVI 

THE EFFECT OF RAN GE ON SffIPPIN G~ 

-~---~~--~--"""""----------==-------
" •••• the J1Bthod1 of the mathe1U.tioian oan giYe us a full and tin.al an1Wer, while tho1e of the experiaentali1t only giire a partial anawer". 

-- Sir James Jeans, 
Sir Halley St8'11.rt LGotu.re, 
'Man and the Univerae', (1936). 

1:,1, P•Mse caused bJ: Rtnn-Act1on. 
In Section 6 (p. 22 et seq~) we described some ot the 

troublee that haYe been experienced 1n Table BaJ Harbour as a 
reeult ot Range-action. In the ·light · or what baa been gleaned 
about the phonomenon in preceding pases, 1t· 1a now clear that 
the unpleasant aotion or ah1pe oaugbt in 1ta spell ar1aea trom 
bulk 111on11ents or water reapond1ng to tbe ae1chee within the 
harbour basins. It 1a not d1tt1oult to see that at the anti­
nodes or tbe ae1obee, where the water moTement ie 11&1nl1 wrt1-
cal and bortzontal d1aplaoementa are small, ebipa are not aer1-
ousl7 endangerea.. It 1s the nodal areaa, whore horizontal 
moTement 1s atrong, that are more particularly dangerous. tor 
the periodic accelerat1one 1mparted to eh1-ps 1n _theae placee 
conatitute the 1nert1a roroee that im•t be ree1ated by t.be 
moorings, tenders and harbour structures. 

Where the nodal areaa ot the 11e1obea oocur at the aouth · 
ot a baa1n, the per1odta currents attect onl1 the nangat1on ot 
ah1pa, and daaage can occur only when ab1pa are swept out ot 
control and brou@bt into contact with t1xed atruoturea or other 
Tesaele. Thia has happened a~Teral times 1n the 'out' between 

... 

the Alfred and Victoria Basins (pp. 23, 27), and aeYeral narrow 
escapes haTe been exper1enoed at the mouth or the Duncan :aa,1n, 
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(S6ction 50, p. 146). We know now that seTere ourrenta can 
· occur in t he entrances o:r the· Alf'red and Victoria Baaine wltb 
f a i r ly large amplit ude aeiches of per1od1c1t1ea of 4} m1na. 
upward, and that t llo 1trongae1ohea or the _bay, of per1oda 
from 17 to 22 m1nutea, induce the dangerous surges through 
the opening to t he Duncan Basin (of'. pp. 151, 300). 

Where the nodal areas of se1chea 1na1de the baa1n• 
abut on ·the boundary-\"1&lle, ah1p• are liable to be d1•turbed, 
and damage io possible 1r o1roumatances are propitious for 
ol1mact1c movements. It the ship moTement 1a mainly longi­
tudinal 1n t'!le se iohe current and parallel to the quay, the 
woret that ciln happen 1s that the ship will ultimately break 
her mooringa and col1ide with aonu., adJacent ah1p or with a 
corner or the dock: but 1f the moTelll$nt 1s lateral, as when 
the node of the eetcbei makes oblique 1ntereect1on with the 
dook-boundar1ea, the .ahtp ,may ooll1de w1th the tloat1ng ,fend­
ere and the quay with impact sufficient to buokle her ahell­
plating and bulkheads and crush the tenders to r1bre11 . 5uob 
oases are, of course, extreme. 

Fortunately, th,a occaa1one on which ae'ffN damage is 
raueta1ned at Cape Town are oomparat1Yely rare. The worat 
troubleo were oxper1onoed during the years 19AO to 1942 wb1ch 
wore oxcoptional as regards the frequency and 11&gn1tude or 
Range-action: th~ winter or 1941, 1n j)&rt.ioular, trom the 
rainfall point of view, was one or tho worst e1nce 1900. 
Cyclic weather changes, presumably, leading to a d1m1nut1on 
of Range intensity 1n comb1nat1on w1tlt a abarp decline in 
shipping density atter the war and other tactora (of. p. 51), -haye einoe reduced the ha;ard. Ordinarily, the only damage . ooourr1ng 1s a certain amount ot rope-wastase from abra•1on 
and :rrao"ture, wh1ch from long .experience baa come to bo r:,­
garded by the .port author1t1ee ae a norusal ma1ntenanoe expenae . 
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The actual num't.er of oceas1ona pe,r y&ar- ut·"r t~6 pe;r1c·c... 

ot 19.40-45 that ship' a ropes ·ha Te t ·raatured '48 li rasul:.t. (}f 
* Range~act1on 1.-, pcn,t.ra1eO tn F'-e· 191 .. OM not1tte tl"om tv1s 

diagram that t.h~re ,.~ 'P(' ham ano. tast rf'lat1onsh1p between tho 

magnitude er Ranga .... act\on an!\ the nl!mber ll1' ro~ breakages. 

Thus the 1utTere Range-oecu~rence or June 12/13th, 19~, caused 

only 4 or 5 rop~ b?'eakages 1n the Duncan Baa1n, whereaa th• 

lese aeTer~ R1\n~·-~~t1~n of Septe~~er 23:ni. 1941, caueed 25 

:ra1lure11 111 that tlock alone. A· difference tn the nuaber ot 

ab1ps 1n po~\ ~n these two Qccae1on$ could explain this anomaly 

no doubt, lJut 1t 1R probable that other tactora are also 1n-

T01Ted. 

We may sull1Wlr1se the contents ot Fig. ·1911n tabular 

rorm ror conTen1en~e or ~ow~arleon, as follows: 

Table XVII s Rope '13re11k11~es in Relation to Range ... l\otion 0 

1To. ot Ocoasiona of' Rope Avffl'9.ge ~•plitude or 
R~na:e-~otion ( ins) 

.A~ l"l'l~e No. of" Rop911 
Bre~k4.f!:8S Rrol{en l)qr Oooasion 

Year Duman Victoria. 
Both 

Duncan Alfred Bu ins 'Duncan Victoria 
Basin Basin Simultan- B1uin B~sin Bat11in lJasin 

eoualy f'eriod (Period 
loBmin~ 505mins) 

1940 2i ~ 31 4.,1 8 0 4 4.,2 ~ .. 6 

1941 31 24 39 2 o9 7 ., 3 ios ~ .,?. 

1942 30 20 37 2o2 5 09 3.,6 1 .. '7 

1943 23 10 27 2 o3 609 108 0 /7 

1944 14 8 16 2 .. 3 6.,1 ~ol 008 

1945 14 s 15 i ., 5 6 04 2,.7 009 

The raot that so many rope failures occurred in 1942 

when the magnitude or Range-action on the average was less 

than 1n other years must be attributed to the larger number 

or ships concentrated at Cape Town during that year or the 

• This does no't inolude the considerable number of' ropes condemned 
and discarded because of frayed condition. 

---
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war. The last two columns of . the aboye table, giving the 

ave·rage number err ropes broken per occaslon of Range-action 

are valid ·in only a very general way, be.cause some 1nd1 Tidu­

al occaatons gave rise to a large number or breakages. Nevor­

theleas, t.he lessening or effects 1n the later years is well 

borne out by the ~1gurea. It will be seen that eyen in the 

worst years or Range-action there were only about ~O occa­

sions (at a round figure) per year on which the Range waa 

severe enough to cause the parting or ropes. 

l,32. Measured Freguenc1es or os·c111at1gn Qf Sh\:r2s during 

Rana. 

Apart from the poe1t1on ot a moored eb1p in relation 

to the nodal areas of se1chea within the harbour and the 

strength of the eurges, there are likely to be other factors 

governing the betiav1our or a ship during Range-action, suoh 

as 1ts maee and draught, the number or ropes holding it, 

their degree or tightneas and resilience, etc. But the im­

portant question insofar ae the harbour at Cape Town 1a 

concerned, 1s to know Just what per1o~1c1t1es of ae1ches are 

critical for the sizes or ships likely to patronise the port, 

and w1th1n ·what maximum limit the amplitudes or such eeiohes 

would have to be. controlled to render the Range diaturbancea 

innocuous. 

The problem, as we have seen (Section 28, p. 80), wa~ 

approached 1n tbs f1rat 1netance by meaaur1ng ship movements 

in relation to the rise and tall ot the sea in the immediate 

· vicinity of the ship being obsened. P'1gs •. 22 and 23 ~ al·ready 

g1 ven, reflect early· efforts in this dil'ec·t1on, while Figs. 

193 to 196 present the results or later measnrementa. 

For an adequate interpretation or the.se sea and ship · 

osc1llat1ons 1t was. necoasary·to isolate tb~ barmon1c 
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components giving rise to them. The various curves were there-

f ore subjected to Rea1duat1on analysis (cf'. Section 89, P• 255), 
some of the results of which are portrayed in Fi g. 197: th1s 
figure applies specifically to the oscillations recorded i n Fi g . 

- - · ---- ---·-· - -· 

194. ?he aaltent f eatures of t he d1a ~ra6s or ~i g. 197 and ot tbe , 

analyses of t he remain i n g dat a of Fi gs . 22, 23, 193, 195 and 196 ' 
a re s et out in Tabl e XVIII below: 

Ts.bls TI'III: Correl~tion between Ship MovemBnts ~nd ~e~ Oscillations 0 

·-NUle or Diapll\09 Dimensions (ft) Berth Compcment: Oi3lll.a.t1.on in ol1'1ar of Maxm. Ship & -ment Length Beam °'1ugllt oocup,, ~mplitudes (periods in mins 0 ) Date Tonnage be- when ied Sea OscUnJ :SJiip Os0Un0 
( Tons of tween ob- (cd\ n"'arby I Lon,;i tl. I Late r'll -
2240 las) = aerval Fig. 4) I I 1 I I I 

.. 
l 2 2 1 2 

-HMS .. 0 L• Cross Tigrew 2000 220 36 ... Bsrth 
2076/45 

1 ,,90 0.,88 0"55 0080 ... .. 1' 

-'Dahliav 6400 421 55 13 C 
7/7/45 

1 0 76 0.,55 0 030 0 .. 50 0.,30 0.,50 • 
'l(illiaa 

7500 423 5? 15 C B11aJord• 6 ,.,56 1900 0 096 lof.36 "" = 30 B 44 
. Blio~hip 19 7 44 . 9000 350 60 22 Eastn 4 0 20 1 0 60 Mole 0038 "' 

.., 

.. v ~/:i:Aw 10500 6 B 46 405 53 17 1\ 1 0 5'1 5 0 36 0 0 55 0075 0 0 43 0070 
·-°City of 

s~hi':a' 
10900 4-00 52 28 E 0 0 90 1.,50 0.,80 2.,10 

22 7 46 
.. oAnna Hows.rd s~,r 13400 423 57 21 D 1088 0 0 72 0060 0.,70 0.,55 0070 31 7/45 
., 

0Defoe,O 
7/12/46 14000 439 62 28 A 5.,60 1 0 15 1 0 00 0.,58 = Q 

. ~Charles I Parafeke 14300 42~ 5'1 29 F 1,,50 5 0 50 0.,45 1 0 00 2., 72 0.,85 18 8 45 
Uijm.tata 9 

6/8/46 15300 463 59 u C 4 0 00 5.,87 1 0 53 0,,63 1 0 35 ?.066 vorantefon= 
17900 499 63 27 C 17.0 0 0 80 Oa55 1 0 55 1 0 30 20 12 ters 23 8/46 

-· ucarnarvon 
Ca.a:t~ o 25300 
2378 46 

661 74 28 A. lo44 1 0 00 Oo72 1 0 55 20 00 1.,10 
'Dominion 
M~~rohG 12 7743 

35000 658 85 30 B 1.,50 1 0 65 .. -
.. 'PieteurW 

3, 8/44 37000 671 88 30 A 1,.00 0050 0.,78 2040 .., 
"" .. USS 'Cali -

forni& 6 4WOO 624 98 31 l{ 5 ,,58 1 0 50 1 079 5 0 87 = .., 
17 /li746 

·-'Nieuw 
Ameterdam.f 47700 159 88 33 A. 0068 0 050 1 002 1,.40 ... = [ 

21/6/45 

- --~ 
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In Table XVIII we 1r1ay recognise in the columns giving 

tbe principal aea oso1llat1one, some or the per1od1c1t1es that 

wore epectrted 1n (37), ( p. 288). _.Although these oompone~t· 

were the most prominent 11, the recorded vertical eea-monme~t•, 

1t should .be remembered that there may han ·been other compon­

ente that were nodal at the seiebometer pos!t1one, which could 

have been potent tactore 1n 1ntluenc1ng the eh1ps, wb1le going 

unrecorded. 

one ot the remarkable things about th1e tabul&t1on 1a 

that despite the enormous "t'Br1at1on in the diasplacement ton­

nages ot the ships obaerTed, there 1e no very considerable 

equi'Y&lent variation 1n · the1r per1od1c1t1ea of oso11lat1on. 

one ract emerges poa1t1vely, that 1t 1s the ·relatively high 

frequency disturbances 1n .the harbour (per1od.1c1t1ea below 

•bout 2 minutes) that haTe the greatest eff'eet upon shipping. 

In particular, per1od1c1t1es or the order or 1 minute and leae, 

down to aay 20 seconds, appear to be moat critical and aeem to 

be able to 1ntluenoe the largest and the amallest Teasels alike 

We may note, however, a tendency for the larger ,hips to ~cc11-

late at somewhat lon~r periods than the smaller. There are, 

neTerthelees, certain 1ncons1stenc1ea. bµr1ng th, course ot 

_the researches at Cape Town, these eeemed considerable enough 

to warrant an exoureion into tbe theoretical realm tor th•1r 

elucidation. At that t1me many of the results ~ven 1n Table 

XVIII were not Jet &'Y&ilable and the bebartour ot eb1l)8 was 

often completely baffling, eevero cond1t1ons . or Rane;e sometimes 

producing no 111 effects, and mild conditions at other times 

causing considerable trouble. 

1'3'3 • . The Theorettcal Probltm of Sh1P:R&ng1ng .. 

An examination of the moTements ·Of model ships 1n the 



392. 

harbour model (Fig. 148 (b) ) showed an important difference 
between the motion ot hulkv f1""ee to displace 1n the periodic 
cu~rent of a ee1che and those restrained by mooring ropes. 
A free ship performed exactly the mot1ona of the watar-part1-
cles, almost as it it wtlre an integral part or the wa.ter­
masa: a moored ship, on the other band, provided that 1ta 
perm1sa1ble travel was leas than the overall horizontal dis­
placement caused by the se1ch~, was pulled back by its ropes 
so as to oscillate out of pha~e with the aeiche current. Thia 
tact stressed the importance of the ship' a moorings and led 
the author to approach the prc,blem as one of damped v1bra­
t1one or a spring-suspended ma.ea. The epr1ngs in this caae 
were the ship's ropes, which, unlike the simple mechanical 
springs ot moat vibration problems, are governed by a ooa­
pl1cated exponential tension-displacement law. 

This phase of thl! resea.rch bas been fully deacribed in 
a paper recently published by tho American Society or Civil 
Engineers • and will not be repeated here except insofar au 1t 
1a necessary to quote results tor the expansion or our theme. 

It was ahown that the critical periodicity or longitud­
inal ahip-osc1llat1on is determinable from the relat1onahip 

d ..l AZ I '= ~7T (-f) 2 r-t:d 1/+n 
___ ._.,~~--(62). 

1n which A is the ampl1 tude or the aeiche, . d the depth ot 
water in the harbour baein, U' the displacement tonnage of 
the ahip, N the total numb0r or mooring rope111 holding the 
ship, k a oonatant artd n a numerical exponent in a relation- · 
eh1p governing the longit udi nal horizontal oomponent ot tenaion 
I induced 1n an indivi dual :rope as a result of a dieplaco­

ment U of the ship from equilibrium poe1t1on. This relation-

ship 1n particular takes the form: 
• · ~il1on. 'Ship Reaponae to Range Action in Harbor Ba1in1'. Proo. ASCI, Vol. 76, Bov., 1950, [l?~]. 
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?;. = Ja.,1, n. ___ ,(63), 

Equation (62) is strictly applicable to a ship lying at the 

node of a oe1chep th~ mov0ment or which is parallel to tho 

ah1p. The ·baetn 1s conm tde r ed to be Tortical~walled and of 

uniform depth. 

Thi, er1t,1oa1 perlod1e1t1e8 for various se1che-ampl1tudea 

according to this equation were evaluated for a ship of &Ter­

ase size ( W = l .£1200 toms) such as uses the port ot Cape Town, 

and Fig. 198 reproduces theae tor three cond1t1one of the 

moorings, namely;, when the ropes are initially nearly taut, 

wbon they are ~1P,j'lter than ayerage , and when they bang with 

an amount of ea~ which from measurement was found to be about 

the ayerage eond.1t1on of moor1n• at Cape Town. These eond1t-

1ona have been catered for in the -.aluee or k andn shown on 

the curves A,B,C and D (Fig. 198). The corresponding rope­

tensions for the three caae1 are g1..-en by the curYea E, F and. 

G. 

Now,teno1on toata that were made of new and old oteel 

and coir ropes, aueh as a re normally ussd for mooring purposes 

at Cape Town~ ohowed tbet undor the effeots of rat18',te and age , 

tho ultimate strength of. the coir ropes was not above from 10 

to 20 short tone (Fig. 199). These rope-tensions, it will 

be seen from F:lg. 198 , are met when se1ebe ampl1tudeei are 

&boTe about O. ·r ft ... and -periodicities below about 40 seconds. 

It would thus 11u,em- to be the high-frequency se1chea of lar159 

ma~1 tude that are really ori·t ical tor ships. 

A ship will tend to resonate w1 th a aeiche or longer 

period than ~O a•conds when the amplitudes of .the d1eturbance 

are small. Thus a eeiehe of l minute i,er1od1c1ty will produce 

resonant motion 1n the a·yerage ah1p with ayerage moorings 

(curTes A or B) when th,, seicbe amplitude 111 about 0.35 ft., 



but under auch conditions oune E shows that the tension• 

developed will not btt aboTe 2 tons and theret'GA quite 1n­

a1gn1t1eant. The general inference 111 that long-period 

ee1ches, attch as the 5!- min. long1tud1nal,. and oven the 1.5-

1. 9 m1n. transverse,, are not or aerioue oonaequence tor the 

aTerae;e ab1p, except 1naotar aa their effects may be add1t1ve 

to the critical motion of some h1gber frequency. 

By malting the ropea ae tight as possible we aee from 
Fig. 198 that we court the risk or reducing the se1che-ampl1-

tude at which crtt1cal tene1ona (aay 10 tone) can develop, 

but, as aga1net tb1s, we alao lower the periodicity or the 

aeicb• that oan produce resonance. In .auch c1rcumatances 1t 
1• only 20 eeeond waves ot large amplitude that can cause any 

damage and these are usually the ones tbllt a harbour 1a beat 
able to quell. 

'l'be a1ze ot the ah1p does not appear to atteot the is­

sue Tery greatly,, tor its 1nfluenc, 1s telt only through tbe 

( n + l)tb root or the d1oplaceaent tonnage, W , tn equation 

(62). 'l'h1e statement 1• true, however, only so long aa the 

change 1n H' does not involve any aerloue change 1n the cat­

enary-auapena1on or the mooring ropes. It the change 1n . W 
inTOln11 a large nr1at1on 1n deck-he1e;bt then the cr1t1cal 

per1od1o1t1ea are more aptly g1Ten by the 'following relation: 

Z-= ;rro(/Jf f{ 
--- ----~-<64) 

in which the new a7mbols Ii, L
0 and Pare respectively the 

be1ght o'! the ship's fairlead or rope-guide above the quay bol­

lard, the horizontal distance ot the talrlead trom the bollard 

tor rest postt1on or the ah1p, and the rat~o by wh1ch the max~-
mum tra'fel ot tbe ab1p under resonance exceeds the t:raYel that 

would Just · tighten ·the ropes. The -.alue or p oan be abown to 
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11• between land 2. 

Fig. 200, which le aluo reproduced from the author's 

papor, evaluat~~ the crittcal per1od1c1t1ee on thP basts of 

equation ( 6A) for thr@• 11hipn,. one the e.yer&P,"e 111hip we have al­

ready com1'.d•red. another of size ( W 50 ,ooo tons} ooml,)9.rable 

to tbe 'N1euw Amste~~am (Tatlft XVIIJ). and thft th1n1 a low=ly-

1ng -v9aael auQh aa a t;anJtex•. Curve: A for the average ship (F1g. 

200} is round to ~~roe ~ory largely (as tt ebould do} ~1th 

curvea Ao~ B of F1~. 198. Curve• Band C apply to tho large 

and sm1ll -.ht:r,a ~es:t)ftot1 ,·1l:v"' while D ~ E and F ~Te,. an before, 

correspondtnp; rope tens1e>11n tor 1nd1T1dual ropes. The aaaump­

tion underl,-in~ Ft;. 200 1a that the ropes 1n all three caaea 

hang so that thtt tangents . ·t.o their catenar1oe at the quay-bol­

larde:, tor reat-poait.3.on: are hor1zont&l. 

We nq~ f\nd thAt, very large ab1ps will only resonate 

dang.-)roualy 1n Ten la:,:-~ aiqpU.tud,e 11eiohea .. for the 50.000 ton 

ab1p requ1rea a seiche ~r about 65 seconds periodicity and l! 

ft. ampl1 tude tq tTiduce ro:ne~t,on~ton.._ bordering on 10 tons. 

The 11h1ps ltlr:<tly t.o be •o,at dans-roua are sizes 1nter11ed1ate 

between 9000 and '.\.4000 t,ons wit::i. deolt-he1ghta between 5 and 18 
' ft. aboTe quay leyel .. for then the areas between curve11 A and C 

and between D •nd F (F.1~. 200) pertain. and rope-tensions of 10 

tons and moro c~n l:>t9 registered with aeichea of ~erlods between 

10 and 50 aeconde and amplitudes from 0.35 to l tt. 

The concluaion we draw 'from all this is that the per1o­

d1cit1es that a~e a.oet critical tor oh1pa 1n longitudinal rang~ 

ing a.re leas tb3n -.bout 70 a,ooond'I. A similar oonclus1on can be 

reached th•o~t1oallJ 1~ re~t>'iot of tranevereo •b1p motion ~. 

Both deduction~ s .re ~1·utrally suppo'Mi$d t>3 ths re~ult!I 1>t T&bll!t 

XVIII. If! thenJ s harb~ur, ~~n bt made ~~&9on&blJ tmw.ine t~ 

• L.o. (ante p. ~92), [12S] 11 pp. 18-21; aee al10 p.415 (poet}. 
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aer1o~a commotion trom these high trequenoies, Range-action 
ehould largely be rendered impotent. 

134. Experimental Q2n!.,i;mat1on of Theorv. 

~ To_ check the _principle~ __ 9.~_?.-~d . .?.:_~ ---~tl._1~ theoret1cal 
study a gla0a-~1ded tank and mooring carriage were d~a1gn•d 
tor experiments on model ships, (Figs. 201 and 202). The tank 
was 6 rt. long and oarr1ed two adJuatablet partitions, one or 
which had a port . or opening 1n the bottom. Th• latter was 
uaed for pa.rt1t1on1ng off one end of the tank as a di.aplao•r­
well w1tb1n which a plunger was cauaed to rise and fall with 
simple harmonic motion (Fig. 201). Tbe second partition was 
used for nry1ng the effective length or the tank . The whole 
assembly was somewhat similar to the apparatus deT111ed by E. 

. 

. ~ Macl&gen-Wedderburn to demonstrate the nature of se1ohe-act1on ; 
The mooring carriage was constructed of Meccano parts 

and waa dee 1 gned to rest on the tops of the glass aides ot 
the tank {Fig. 202). The auspena1on-po1nta tor holding the 
moorings or a model eh1p were below the main body of the ear~ 
r1age rrame, a central hmndwbeel controllins their cloaing or 
opening through rack-gearing. Each al1d1ng saddle carried a 
hand-wheel which perm1tt-cad raising or lowering of the auspen­
s1on-po1nts. By rapid and s imple adjustments 1t was thua poa­
•1ble to elevat.e or depress and open or olose- the 't1xed. bol­
lards' so as to increase or relieve tension 1n the model ropes, 
as desired. 

By actuating the diaplacer and causing a periodic flux 
through the wall-partition, the water in the trough could be 
set in omc1llat1on. A uninodal seiche could the_n be arranged 
for any per1od1c1 ty by appropriately placing the movable part-
1 tion. The pertormanco of a ah1p at the node of a se1che under 

0 Of'. 91'ryatal, (l.o. ante p. 84), {41], po. 647-G49. 
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the restraint ot 1ta moar1ng ro"Qee. could thu4 be obsened cr1t.1-

cally through tbe walls ot the tank. 

Model ropes used in the tests were prepared :rrom rubber 

bands of -rtous th1ckneaeos, tile end loop15 or which were ce­

mented round rub'b-9r 'thi.mblea' or tb1n elicee or rubber tubing 

{F1g. 202). The properties or these rubber 'strops' were de-

termined by a1mple load-extension teats and are presented graphe 

1cally 1n Fig. 203. Provided that the loado an.d de!leettons 

were kept X'0.&1Jonabl7 small the rubber. strops could be oolleoted 

into three ~oups (A, B) ~ (C, D), (E, F, G, H, K, L) defining 

different grade, of rea111onoy. 

Before undertak1ng an7 model experiments calculations 

were made on tl:le b&s1a of' equation (62) to determine the cri­

tical per1oda ot oec1llat1on for various sizes of model ships. 

The latteJ" w•ro mado o·t 'lfOOd to "t:.he same acalea ·as the harbour 

model, and were weighted with lead to g1Te them correct buoy­

ancy. Their d1at~rt1on '\W&a ot no consequence, beoauee there 

was no qu.-etion or tnterpret1ng the model results on a proto­

type licale. but only or cbec,k1ng pr1nc1J)les aa applying to the 

model oondltion•· 

It was necessary first ot all to aaeees the values ot.k 

and n 1n equation (63), (po 393) applicable to t~e model 

ropes. Here it should be noted that the curves ot Fig. 203 

do not express any relationship betwee_n tena 1on ~ and ship 

displacement, U , but only botwe41m tenaion T and rope extension 

OS. The evaluation of ah1p displacement from rest pos1t1on 

proceeded as follows: 

Let S be the 1n1t1al length or the rope (unstrained), 

assumed to be hanging 1n a catenary: let l be its horizontal 

and h 1ta vertical proJect1on. The amount by wb1oh the ah1p 

can displace bor1zontally ao as to draw the catenary into a 

straight line {without rope extension) 1& thus 



~,-~ l[s2-h2) · - l (65) 
.. ) 

It the additional horizontal d1aplace11ent; of the ah1p 1n Yir-

tue ct the extena1on d.s ot the ropes be du , then it may be 

shown that 

approximately _____ ( 66). 

Th• total ah1p diaplacement long1.tud1nallJ from equ111br1ua 

poa1t1on 1a t.bua 

u = 7Jl -f- OU _________ (6T). 

Use or equations (65), (66) and (67). t.ogether with 

the data ot F1g. 203, enabled the plotting or relattonah1p• 

between Log T and. Log u tor apec1tio ~luea ot s= 11.0 and 

6 .o ou and h = 3. 5 cu, and fo--,:- different w.luee of Z • In 

terma or equat.1on (.63), these ounea ahould all be atraigbt. 

11nee, but owing to the d1ff1oul.ttea ot a1mulat1ng the pro­

totype rope cond1t1ona on a model •011le, the author had to 

be content with the deviations from the etra1ght shown 1n 

F1g. 204. Valuea ot k and l1. were estimated from the max1au11 

slopes of the curYee, which made them strictly applicable tor 

onlJ amall rope-tensions and eh1p~d1splacementa. 

The nluea ot n when plotted agatnat the horizontal 

proJect1on ot the rope l • were round to conform to the 

11near relationship• shown in F1ga. 205 (a) and (b). The 

values or k were related to bJ the ouI"rea ot Fig. 206. 

The caloulat1on• ot or1t1oal period• according to 

equation ( 62) were then made tor d= 9 cu. A= o. 7 oai and 

N= 2 tor wr1ou·s ah1pa equivalent 1n 111ze to the • Que-en 

MarJ', 'Winohaater Castle', cargo veaeel and tanker. The 

results ror the longer length or ropes ueed ( S= 11 · ems} are 

ahown 1n Figs. 207 (a), (b) and (c) plotted aga1nct values 

or the horizontal projection or the rope Z .. In paaa1ng we 

may note rrom theao graph• that the a1ze ot ship haa no great 
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. ·-1nfluen·ce on tho c.r1t1caJ. periods or ooc1llat1on,, confina1ng 

i 
our remark on p. 394'; no:ir. as it turns out, have the dlf'fering 

rea1110ncies of t.ho threo groups of model ropee. 

In seok1ng oxper1uental oonf'iraatt1on or tbemo pred1c-
. . . 

t.1on11 the pr>oc~dure followed was to takGt different lengths ot 
OflJ01llat1ng bataln and &d~IUat the ap,ed and Mp1itude Of ~b.e 

· plunger BO. that a uninodal seiche of ~mp11tu~e A~ ·~ .1 oa .in a 

depth o'f water of 9 ous was crested. ·The 11oor1ng carr1a@O., · 

hold1,ng a eh1p with an appropriate pair ot ropo1J, was then 
plrt.o'od· ove_~ .. thCJ node or the se1che as in Figs. 201 and .202, 

../ . 
and the hand.wheels .w~nt &dJuuted to give the · oorrect Tert1cal·. 
pro Ject.ion of tho ropes i.i.= 3. 5 c.ma , with the ropes 1n1t 1ally 

taut. Under ·t~1a' cond1t1on 1t was . round that tho .ah1p would · 
ride out any periodic current of a aeiobo without d•••loplng 
re•onant mot:1on, showing that perfectly tight ·ropes . i't tbey 
wore fe$s1ble 1ti practice , would be a cure f'or long1tud1nal 

ranging. · . 

By operating the contral handwhoul of the 11c>orin15 oar­
·r1age. the auapeneion po1nta were then moved towards each other 
so as to -alack off the ropes a~d permit the· ahip to ·oac1llate 

· w1 th the nodal sur_gee. · The carriage 1 tself., of course, was 

locked to . prei,ent movement on the glass sides or th• t .ank. By . 

alow adJu,t11ent a stage would be reach«Dd at .whic~h ·the ahip _ 
would oscillate, moat Tiolently for th:• g1ven frequency and -be­

yond which. the motion would become unatab1• and lQne all ·res~-
-nance . The d1m.~nm1on between centres of sliding saddles oould 

., 

then be measured. and tbe vm.lue of the horizontal _rope- pro"Ject:ion 
z, 9()rN·apond1ng to the ,por~oc11c1ty,d:•~erm~ned·. . . . . . 

The. ·experiaenta aupported the theoretical_ calcul:at·1~na . 
. ... . -

generally w1tb~t giving prec1ae c·becks . The · 1ack •ot preo1·••-. . ·, 
neas und~ub,tetily · lay :in the fact that too ·la0rge. an a~pl1 ~ude <,f 1 
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seiche was adopted for the oalculat1ona, (which were done 
beforehand), th,n•eby calling 1.nto play rope-tene1ons of auob 
magnitude as to 1nval1date thct use . of the valuea or n and k 
adopted 1n the theory. It was found later that rubber strop 
extensions reached 1 cm or more- aa aga1nst a ma:x1aum "flllue 
or 0.2 pm perm1ae1ble for the ..-alues of n and k uaed. A 
tew ot the calculat1one were reworked for a smaller ae1che 
amplitude ot 0.3 cm, 1n 11eu or 0.7 cm, when excellent cor­
reapondenee was obtained 1n repeat-experiments. 

135. The Mechanism of Longitudinal Sh1p-Oac1llat1on . 
These experiments served to uncoYer an important tact, 

that resonance 1n ah1p oec1llat1on 1s attained when the amount 
of play ,..iJl , (equation · (65) ) 1s of the same order ae tho amp-
11 tude of the ae1che-mov~nnent Sm«JC. Aetuall,- 1 t was tound 
that the model ah1p would resonate when ~ exceeded 'cl . i,1111,l( 

by a factor F' (p. 394) with a '1'8,lue between land 2. 
The "f8lue of Jmcvc at the node of a ee1cbe may be tound 

by 1ntegrat1ng equation (38) with respect to t1me or, alter­
natively, from equation (14)-(1) with the appropriate approx-
1mat1ons: thus 

A J. = . ~ qd 
From observation, therefore, 

r: = r. ol ~~ . 

-------__ _.,,....-=( 68). 

--------==--( 69). 
By the use of equations (3)~ (5), and (8), (p. 107), and (65), 

· equations (68) and (69) lead to the result that 

t" = 2,f'° (-f/{ls<-h2 
- Z) 
-~------(70). 

Equation (70) expresses a relationship between 7: and Z 
and may therefore be compared directly with the cunea of 
Flge. 207. The latter all approximate to atra1 
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equations ta~e the f~rm 

'7: = G ( fiF:-ii· - l) --------~-(71) 

the g~dJe~~" G .. O.f . ~J,J~h .rui~ . ~A~t !l!'-a~:u:r..~d ... ira~µ~~ q.839 .... Q.894, 

and o.818, oorre2pond1ng respect1Tely to F1gso 207 (a), (b) 

and (c). Tbe w,an gradient trom these figures is 0.820. 

Now . equatton (70} ,. which may be considered to be an 

experimental ~~dur.tion, 1q also ot the form ot (71) and yields 

a gradient value G=0.824 forA=o.7, d= 9.0 andg=981 ems, 

taking P= 1. The agreement here 1• very satisfactory and 

establishes the identity of equations (62) and (6~) *, since 

(64) 1e merely an adaptation of (70). 

We may oee now, too, whr the original experiments with 

the model ships gan rather poor correspondence with Figs. 207 .. 

The experimental conditions, in causing violent surglng, 1n­

ev1tably made the ropes 0xtend elastically by fair amounts, 

thereby making F greater than l, whereas the aaaumptiona of 

the calculations 1 1n requiring small rope tensions and ex­

tens1ona, ~TeP. 1n effect, a ..alue approaching unity. 

The model exper1ments can be said to have confirmed the 

theory 1n ahow1ng that r~sonance condit1ona in the motion or 
a ship ranging long1 tud1nally will preTB11 when the ae1che 

has the periodicity and smp11tude and the ships ropes the 

slackness ~Terned by th~ r@l&t1onsh1p of equation (70) or 

(6~). Equation (62) 1a also confirmed as the same condition 

expressed in another form. 

136. Theoretical Concepts GoTern1ng Rope Breakagem. 

With the pleasing agreement thue eetabl1ehed between 

theory and expertment,.. 1t wmt11 possible to uae the theoretical 

weapon 1n other d1~ect1ons. Tho question at issue waa to know 

• Thia identity waa proved in another way in the author'• paper 
(l.c. ante p. 892), [123), p. 1~. 
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· what -reduct1on ·1n masn1tude ot the Range-disturbance 1a 

neceas:arr .. ~o .. el'.18-l!.~ . ~~fetr . fo.J! ahtpping, assuming that the 

maximum etfecta that can occur are of the aame order or magni­

tude aa those experienced in the rears trom 1940 to 1942. To 

answer this point 1t becomea neoeasary to know what damage a 

particular magn1 tude or Range-action 1e capable ot causing. 

We may approach th1a problem by est1mat1ng the torcea 

imposed on the mooring gear of a ship when the latter attains 

maximum aooelerat1on at the end or the sur-ge caused bJ • ae1ohe. 

Thia maximum acceleration will be g1Ten by equation (39), 

{p. 301}, when ain(ft+e) = 1. Since the longitudinal com­

ponent of pall which th1a acceleration would impose on the 

mooring ropes comprises both the 1nert1a force or the eb1p, 

(~)ii~ , and the pressure of the water, (J%) j~ 0 , and a1noe 

the Ul&X1mum accelerations of ship and water maas will be the 

aame, we may write the colloct1Te rope tena1ona as 

2 ?; = 2WAR.a. Sln ·q.x. 
!J.rt,.d 

BJ the use once more ot equat1one (3), (5) and_ (8), (p. 107), 

and or (18A}, ( p. 237), th1• result oan ·be transformed to 

~ -r - 47TAW s· m7r~ 
~ ~ ~ r ·A r.:::::;J- • in L . 

.. Y9GI 

_____ (72) 

where L · 1s here the length ot the side or the basin along 

which the ship 1a moored, X the distance to the centre or the 

ship from one end or the quay' and m the nod&ltty of the 

•e1cbe ot per1od1c1ty Z:- • At the node of a un1nodal o•o11-

lat1on,, for which m = l and x=L/2, the value or the a1ne 1a 

unity. The same is tnie at the node or ·any o-r the higher har­

monic osc11lat1ons for which lll= 2, 3, o.... . It we replace the 

sine · bJ a taotor o( and note that the moan water depth, d , 
1s ne>t greatly affeoted by .the ..-&r1at1on o-r t1de-he1gbt a:t 

·-------·-··---. . ·---·---·--
L.o. (ante p. S92), [12Sl, p. 10. 



Cape Town, we may express (72) more s1mply ae 
::Z T oc ..6. Wo( C73). ~r: 

The suffix to -r- has here been discarded, for the horizontal 
component or rope tension. parallel to the quay, 7:;' , 1a roughly 
proportional to the full rope tena1on, T, at the angle ot 
ob11qu1ty which mooring ropee usually make with the line ot the 
quay. 

Now steel or ooir ropea unde r tension are subJeot to 
ratigue from alternating stress 1n much the aame way aa struc­
tural members 1n machines, and we could expect some falling 
off or ultimate strength with time or number of reversals ot 
streas. Tn1s ia clearly proved in F1g. 199, tor tho old ropes 
in repeated loading tests returned very much lower ultimate 
strengths than the equ1Talent new ropes. Denoting the ultimate 
strength then by{) , we could expect lJ to be inversely pro­
portional to 'Ghe time, t • that a rope 1e in aerv1ce, eo that 

U OC f (7A) 
If, during severe Range-action, the rope tensions 

called into play rise above the safe limit into the region ot 
the ultimate strengths, with a specific 'YSlue ~, the time 

ropes 
that the/ can withstand the strain according to (74) will be 

tj , a:rter which they will break. Assuming that the duration 
or the incidence or Range~action, i; , ia greater than the 11te 
or the rope at this tenaion, a rope will be broken at every in~ 
torval or time tj , and the number o:r replacements ot a partic-
ular rope in tne time "i will be 

the ship, tnere w111 thon have to 

~ /t . For N ropes holding / <, . 
be N (~) replacements . I 

during the spt1ll ot Range, or the number of ropes broken, y , 
will be ;Vt v= ~ De" N-;_ .4 

~ (~) 
In qu t o 73) the. t otal pull LT on the ropes at one end or 
-the sh~ p will be l.{ ~ , in tel'1'1S of our assumption, eo that 



• 
whence by the uae of (75) :ln eliminating tbe product u1N, 

A vflo<: -- " TN 
________ (76) 

'!'he right-hand side of exp1:-eaa1on (76) is thus ropreaentat1T• 
of the nuaber or ropes broken per unit of t1me pership. In 
port recorda at, · Cape Town t,he number of rope breakages per-

eh1p 1a usually recordeq. pet• 2,4 hours, and 1f' th1e number be 
denoted by n , thie aymbctl may be used to replace . °%N, 

· uo that (76) may be rewritten: 

n . oe- A Wol 
T:N 

• _______ M _____ 77. 

In the eYent of a ship breaking one or more ropes, th• 
remainder are, of course, subjected at once to larger tena1ona 
wh1oh tend to increase the rate ot tracture or the reet. It 
1a 1mpoee1ble 1n a genera11aat1on of this problem such au tbia, 
howeYer, to cater tor auob conditions• tor the supposition 1a 
that berthing sta~r 1m•ed1ately undertake the replacement ot 
the ropes to ensure the aat'ety of the abip. 

If as a criterion or the magnitude or the Ran~ action 
we take the amplitude of a promtnent per1od1o1ty which 1a always 
present, auoh as the transverse oac1llat1on 1n the Duncan Dock 
or tho 5-l minute aurge in the Alfred Basin. we ma,- c.oneider tbe 
period. 7:, in (77) to be constant. A statistical examination 
of the ampl1tude11, A , , ot these prominent se1chea 1n relation 
to the number or ropes fractured, oould then be expected to re­
ff'-1·. on the basis o'! (77), that 

_[_ oC Jr. 525_ 
A N n -------~-----(78) 

Now the relat1on•h1p between the d1splaoeaent tonnage ot 
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a ship, W , and the number of ropes, N , normally used 1n 
mooring her, bas been round to take the linear rorm shown in 
Fig. 208. :Berthing staff' apparentl:, app<)rtion m~ortng rapes 
acoord1ng to tbe1r Judgement ot the situation and do not work 
to any specific rules, and th1e accounts ror the rather consid-
erable T&r1at1ona reflected 1n Fig. 208. NeTertbeless, as 
might be e,Jpeeted., the nulliuur ,.,r mooring 110pc1e appe(&lJ/. ~~ :1,e roughly 1n proportion to the size or the ah1p, and ~ N; in 
(78) 1e therefore approximately constant. 

Since the ratio (r(~ 1s repreaentat1ve ot the number 
ot ropes broken at a particular location or berth, it rollowa 
trom the approximate constancy ot ( N/w} , that the product 
(At~J also retlecta the number ot ropes broken at a particu­
lar berth. Accordingly, if m berths 1n a a1ngle harbour baa1n 
are oocupled by abipe during an occurrence ot Range-action, the 
total nuaber or ropes broken will be g1Ten by ~ ( Nn/WoiJ , 
which trom (78) should make 

;f (!!:.!l) oc m A . 
I W.o{ 

From th1e, bJ wr1t1ng 

_/_= .L i(-N.nJ p m , W.o<I,. __ , ______ (79) 

we may expect t.o t1nd a hyperbolic relat1onah1p between J and 
A , such t.bat 

_______ ........,__(80). 

137. Re1ai1u suacep\1b111t1ea ot Bertha to Rope-Break~8U..:. 
In Chapter III, {pp. 49, 54, 61) we recorded nautical o­

pinion on what 1t oona1dered to be the beat and worst bertba 1n : 
the Victoria and Duncan Basins. For the practical implementa­
tion or our present theme, 1t was neoeasary that some quant1ta­
t1-.. measure or these d1tterencee 1u auecept1b111t.1ee or berthll 
to etteots from Range-aotion · sbould somehow be obtained. 

Thia pbaee or the problem waa approached by assessing the 
nuaber of' oocaaiona tbat eb1pe parted ropea at a partloular 
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bsrtb, aa a rract1on or tbe number or occaa1one that the 
berth was occupied oTer the pe r iod 1940-46. Deta11a or th1a 
study are given 1n Table XIX, (p. 407). 

As an example or the int erpretation to be placed on 
the data oonta1ned 1n Table XIX. consider any particular 
berth 1n the harbour, say the outa1de or No. 2 Jetty 1n tbe 
V1ctor1a Basin. In the period 1940~41, during occurrence• 
or Range-action, there were 15 occaaion•,out or 40 1n which 
this berth was oocup1ed,tbat ah1pa parted ropes. In the 
period 1941-42 there were 5 occae1ona out or 39; 1n 1942-43, 
7 out ot 34, .and during 1944-46, 3 out or 32. In all, OTer 
the entire period 1940.46, there were 30 oooaaiona out or 
145 - a percentage or 20. 7. As all the other bert,ba are 
analysed in this way tor the same occaa1one, it 1a clear 
that the t1nal percentages 1n the last column ot the table 
are properly relat1Te and may therefore be regarded as coa­
parat1Te indices ot the auacept1b111t1ea or the d1tteren\ 
berths to effects from Range-action. As such, these per- . 
centagea may be taken aa the values ot o<. • the berth or 
location taotor introduced into equation (73). So long as 
the "f&lues ot o<. are relatiTe1 aa between ditterent berth•, 
it 1a ot no consequence what :rorm the t1guree take: they may 
e-yen be regarded as weights applied to observations. 

A etudy ot the values or o(. for the d1tterent berth• 
throws 1ntereat1ng light on the pos1tiona 1n the harbour that 
are best and worst trom the point or T1ew or Range-aetion. 
In the Victoria Basin the outside of No. 2 Jetty and the El­
bow are the woret berths, followed cloael7 by No. 3/4 South 
Arm. No. 7 Quay and East Pier are Terf much better, but at.111 
interior to the remaining berths 1n the Victoria Baa1n. Th• 
north side of the Collier Jetty 1a undoubtedly the aafe•t 
berth in the baain. and the 1na1de ot No. 2 Jetty re.nlt1 next 
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Table XI X: Rell\t i vP- Susc ,:intibi li t ie11 of Berths to R11 ni:sP.-Action 0 

Ratio ~f Oc cl\sions of RoPG Br~~ka~~ Ro,lative 
B~rth to Oool\s i ons Berth C',couni.,,d Tot als Susoant-

Bila in Occupied ibili t-, 
1940- 41 1941-4 2 1942°43 1944- 46 iP.S J. 

( 

~&st Pie r 11/ 39 3/ 41 0/35 2h:?7 16/142 11 0 3 

No.7 Ouay 8/41 4/42 3/36 1/ 25 1s/144 11.,1 
Outside 

15/40 5/39 7/34 3/32 30/145 ,0.1 No. 2 Jetty 
Inside 

1 141 5/43 2/39 1/33 9/156 508 No. 2 Jetty 
North-side 2/33 1/40 0/38 0/39 3/150 2.0 Victor- Collier Jetty 

ia S0•1th-side 6/39 6/41 1/39 2/38 16 1157 9.6 Collier Jetty 

No.l So.~rm 8/40 4/40 1/37 0/31 13/148 R0 8 

Mo 0 2 Soo~rm 3/35 4/39 0 / 34 3/32 10/140 7.?. 

No3/4So .Ana 9/37 11/42 3/37 3/29 ~6 1145 17.9 

P.lbow 13/39 10/42 3h,7 4/29 30/14? ~o4 

Totals 76/384 63/409 iO/S66 19/au; lRA/1474 

PercenttJ.ges 19 08 12 0 9 5 05 6 ~0 11 0 4 

A. 11/41 8/40 5/39 8/'9 3~/148 '-l.6 

B 17/43 13/40 ll_/38 6/'3 47 fi44 3!.7 

C 9/36 10/40 3/39 4h~3 ~6/138 lt:lo9 

D 9/28 9/39 5/37 8/?.4 so/ue '-3.6 

8 1/30 4/37 . 1/37 1/ig 7/133 5 0 3 

Duncan F 3/23 1/37 2/38 2/,.8 8/126 604 

G 1/2 4/40 0/37 4/30 9/109 A0 3 

H co 5/23 1/41 41'.? 10/91 lloO 

J = 3/13 oh2 3/:31 6/66 ~.1 

K C, 3/9 1/32 oh~l 4/62 6.5 

L = a 2/14 8/24 10/39 26.3 

),{ - .. 5/21 2/9 7/30 ?.3 0 3 

Totals 51/203 60/318 36/394 50/298 196/1213 

f.lercent'l~es 25ol 1809 9.1 16 08 16 0 2 

Grand Tot,ils 127/587 113/727 56/760 69/813 365/268? 

PercentalY" a :n.6 1506 7 0 4 llo2 13.6 
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in order or mer1 t. The 'T&luea or d, aubatant1ate to a remarkable 
degree the general op1n1ona held bf nautical men•• expreaaed 1n 
Capter III. 

The "t&luea of ol for the Duncan Baa1n show that H berth 
1s rather worae than the adJaoent berths. but that A, B, C and D 
berths are mo•t prone to giTe trouble. B-be~h stands out • • 
unquestionably the worst berth in the ba•1n, there being a 1 1n 
3 chance that trouble will be experienced there during Ranee­
act1on. D-berth, while ·being better than B, 1• ne-...rtheleaa 
woree than C, as alao 1• A. All the bertba A to Dare bad, but, 
the tact tbat C berth, at the node of the transverao ae1cbe, 1• 
the beat of the tour proT1dea 1nt.ereat1ng food tor thougbt. 

Here we venture to 9uggeat tbat it prone that the aeoond 
harmonic of' the tranaverae ae1che, with a periodicity of the or­
der or 0.9-1.0 minute, 1• tbe main culprit 1n breaking aoor1ng 
ropes. Bertha Band .D coincide Tery oloael,- with the nodal 
poa1t1ona of the binodal trananrae ae1cbe, and the node at B­
berth would almost certainly curTe round and abut on the a1ddle 
of A-berth, tbus accounting for the l in 5 chance ot the latter 
berth g1T1ng trouble. · These deduction• doTeta11 admirably with 
the conolua1ona reaobed under Section 132 (p. 395), that 1t 1a 
oac1llat1ona ot per1od1o1ty leas than about l minute that are 
moat cr1t1cal tor ah1pa. 

It will be noted trom Table XIX that E-berth 1a relat1nly 
the aateat in the Dunoan Baa1n, and that from E to K tbe bertha 
are Tery much better than at the north end or the dock. At L 
and M bertha(F1g. ,4) ~ bo .. Ter, oond1t1ona beooae bad again. 

' Particulars tor the stub-berths along the Eaatem Kole b&Te not 
been included 1n the tabulation beoauae 1t could not be certain 
from the records where exactly ah1ps bad been located: in any 
case, da•s- at the stubs was ma1n11 to ab1pe' plating and to 



tenders and therefore not in the same category a1 damage to 

moorings •.. 

· In paae1ngt it 1s or interest to cona1der the total• 

for the 1nd1v1dua1· oolumna or Table XIX. For instance, in 

the period 1940-tll there were 76 out of 384, on an &Terage ot 
384/10 · J or :,8 occaaione of Range-action, tbat auftered tractured 

ropes - a peroentage ot 19.8 per occaeion of Range. For tbe 

same period 51 ah1PII out of 20:, 1n the Duncan Baa1n parted 

rol)e& on an average of 203/7 or 29 separate oocaa1ona of 

Range-action - a percentage of 25.1 per oooaaion of Range • . 

'l'heae peroentagea uy be regarded as a general index of the 

aewr1ty ot Range-aot1on onr tbe period. Compar1aon wttb 

the correapond1ng percentages in the neighbouring ooluana 

suggests a considerable lessening or the magnitude of Range­

act1on 1n succeeding yeara, the period 1942-43 baTing been 

the mildest. 'rbe &Terage figures for both b&alna giftn 1n 

the bottom row ot the t.able are perhaps the beat 1nd1cea of 

the general trend. '!'able XVII (p. 388), which treated th1a 

data in a different way, uncoTered tbe aame general 1nd1ca­

t1ona • . 

Treating the results colleot1Tely oftr the entire 

period 19,40-46, column 7 of Table XIX ahows that there 1a 

an 11.A% chance of trouble somewhere 1n the Victoria Ba•in 

aa against a 16.2% chance 1n the Duncan Basin. In the harbour 

aa a whole there 1• a 13.6% chance of rope breakas-• ocou:rr1ng 

during Range-action. The relat1n auacept1b111t1ee of the 

two major b&a1na are aa 11.4 to 16.2, or aa 1 to 1.,42, wb1cb 

ratea the Duncan Baa1n about half as bad again aa the Victoria 

Basin. 

~ 

In oomparing Table• XVII and nx, it ahoald be noted that the 
oolumn-totala in the latter table do not repreaent sepaJ"ate 
ocoaaiona ot Bange•aotion. Many ot the oooaaions recorded in 
the oolwmu were OOlllllon to ahipa at different berth•. 
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1]8. ;Jt,&t1atical Ana.lys 1&1 ot fiope-Breakage. 

The quantity on the right-hand aide of equation (79) 
represents 1n a general aort (>! way, as we noted on P• 405, 

the atat1et1cal average damage at, a berth caused by Range­

aetlon, m&k1ng due allowance f or the peculiar eueoept1b111-

t1ea ot particular berths ( o(. ) , for the a 1zee of 11hip11 oc­

oupy1n g them ( W>, and the number of rope11 ( N) uaed 1n 

mooring ea.ob ab1p. To d1scovor how this: quantity ( !/,8 } waa 

relat&d to the masn1tudo or Range-act1on,.4, a atat1at1oal 

analyaia was undertak•n 1n which 1nd1v1dual values ot({~) 
were oalculated tor each berth where there was a record or 
broken ropes, and the sum or their reciprocals obtained tor 

all the oooup1ed berths in one basin to give values ot / • 

'!'he tabulation of th• data handled would be too 

volum1noua to include here, and we uy therefore 11lu•trate 

the method followed merely by considering a typical row in 

the statistical table. 

We shall consider f'1rai of all the Duncan Ba111n on 

tho ocoas1on of June 12th, 1940. At that time t.he Le~ 

tide-gauge in the Alfred Baa1n showed st-minute oac11lat1ona 

ot amplitude A= 13}, while the Lea t1de-gauge 1n the Duncan 

Basin showed a longitudinal (4-6 min.) oao1llat1on or ampli­

tude A=3,1na. and a transTeree oac1llat1on (1.8 min.) of 

amplitude A=9 tna. 

Only A, B, C, D, and E berths vere occupied at the 

t.1me, making m=s. or the five ships, the 'Lanarkshire' 

( W= 17700 tons) at C berth parted l rope and the 'Dumfries' 

( W= 12200 tons) · at E-berth 2 ropes. From Fig. 208-, the 

number of mooring ropes each sb1p probably had wae IV=l8 
tor the 'Lanarkahlre' and N=15 tor the 1 Dumfr1ea', while 

trom Table xrx. the 't&lues of o<, 'for the two ah1pa reapect­

tvely are ·18.9% and 5.:,%. All the neoea11ary data are now on 
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hand to enable the products ( W.o/ N.n ) to be oalc1llated for 
the f'1ve berths. For the two 't>erths C and E the products are 
computed to be 186 and 22 reap~ct1vely: for the other berths 
they are all 1nf1n1ty, a1nce 11. the number of ropea broken, 
1B zero at eaoh. In aocordancct with 4quat1on (79}, wo now 
compute Yp ~s 1/St~ of tho summation of the reo1proca1e of' 
these products. ao that 

}fl= j.(o +o -t rtft + o + ~) 
from which /J 1s found · to he 100. The _meaning or the value 
ca~ perhaps best be explained when we come to oona1der the ro­
sulta of plotting f, against A. 

In the Victoria Basin on the date we are considering, 
three eb1pa parted ropes at Eaut P1er, No. 3/ 4 South Arm and 
the Elbow; respeet1Tely the 'Cf.Lenorahy' ( W:...19100,. N::: 19, 
n=l, o( == 11.3%), 'Indrapoera' { w~ 11000,. N= 19, n~ 3, ex= 
17 .9f), and 'S&rpedon' ( W:19000, N:::: 19, n::3, o(=.- 20.4%). 
At the time, nine berths were oc_oupied, mak1ng m::.:: 9. The 

· reapeot1 ve value1 of the 1;>roduata { Wo<_/ N.n ) tor the three 
ahipa ·are 113, 169, and 68, whence 

Yp = f( 7/s--tO+O+O-f·O +lt9 +o+o+ia_) 
and /J 1a · computed to be }00. 

For the who1e year of 1942 and balt of 19.43 the Lea 
tide-sauge records tor the Duncan Basin were over-damped and 
tailed to register the Range oso11lat1one. In order that nlu­
able data over this period should not be loat to the stat1at1-
cal ·analyaia, an attempt wa, made to estimate the mae,nttude of 
tbe Range e:r:roct 1n tho Duncan Basin from the magnitude or the 
osc1llat1ona in the Alfred Baa1n. Fig. 29, already preaented 
(p. 13:,), eatabl1shed an approx11l&te relat1onah1p between oa­
o1llat1ona 1n the Alfred and Duncan Bas1ne,us1ng data tor the. 
reaa1n1ng period between 1940 and 19.46. The results are somewhat 
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variable, but that an averae;e r(,lat1onsh1p exists 1a clear 
from the diapos1tion and dens1t:, of the plotted points. The 
mean lines through the plotted points were therefore uaed for 

. interpolating -.alues of the amplitude, A , for the Duncan 
Basin during 19~2/43. 

The values or ft , calculated on the 11nea deaor1bed 
abon, were plotted against the amplitudes, A , of t~nswrae 
oec1llat1on in the Duncan Baa1n and surge 1n the Alfred Baa1n 
with the results shown 1n Figs. 209 (a) and (b) for the Dun­
can Basin and Figs. 210 (a) and (b) for the Victoria Basin. 
Plotted points, whose ampl1tudeu were interpolated from F1g. 
29, are d1et1ngu1shed from the others ao that their d1epoa1-
t1one can be noted separately. As 1t turns out the separate 
sets of po"tnts.· (white and black), completely support eaah 
other and independently would emoh give about the same result. 

Of the nature of the gen~ral relationship between /and 
A reflected 1n Figs. 209 and 210 there can be no doubt. The 
at.atl$t1cal &Ter&B"9 relat1onsh1p in eTery case le :round to be 
hyperbolic, as.predicted by equation (80 \ and the fact that 
1 t so evolves prone the general soundness or the argument.a 

' leading up to this method of analysing the data. 
There 1a admittedly a cone1derable scattering of points, 

but not more so than would be expected from the nature oft.he 
data being treated. The scattering ot plotted point• may be 
attributed to any one,or all,of six factors, which may be 
11ated as: 

(1) The uncertainty of" knowing the exact magn1t.udo of the 

Range-action. (The average max1111U11 has 1n general 
been taken, but often the maximum 1a ot abort duration) .. 

(2) The manner of mooring or ah1pa - whether ropes are 
tight or alack. (Th• importance of th1a aspect bas al­
ready been stressed 1n Sections 132 and 133, ante). 

(3) The number of ropes uaed to moor a ah1p - whether 
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adequate or otherwise. (There be1ng no hard and tast 
rule as to the number of ron,es to be used, a sh1p m&/ 
perba-ps ha Te a deficiency or ropes at the cr1 t1ca1. t ime). 

( 4) The condition of the r'Opea - whet.her.• new or old, ( Old 
ropes near the limit or their useful life mar break un~ 
der relatively mild conditions, th~ g1v1n5 perhaps a 
spurious importance to some data). 

{5) The uncertainty regarding the actual d1spl&cemont ton­
na~s of sh1pe. (A ship is u.aually in po1-t tor seTeral 
days, during which time her draught can vary cona,.der­
ably according to her state of loading and unloadtng). 

(6) The poaa1:t,111ty that the magnitudcta of the 1.8 and 51 
m1n. se1ches considered may not be adequate 1na1ces of 
the m~gn1 tudee of higher frequency me1c.hes wb1.ch are 
er! tioal for eh1pa. ( Tbe whole trend ot the investiga­
tions of this chapter is to show .that periodicities be­
low about 1 minute are moat dangerous for noored sh1pa). 

The assumption will now b~ made that 1f all these fact­
ors could be ·precisely controllecl, the re1at1onih1p between f· 
and .A would conf.orm with the statistical average ot all the 
po1nte plotted aa represented by the mean 11nes drawn 1n Figs. 
209 and 210. 

In. F1g. 2Cl9 (a) values or p tor t'be Dunoan Baa1n ban 
been plotted ap,&1nst the amplitudes ot the transverse se1ohe 1n 
that basin: in Fig. 209 (b) they have been plotted ag&inat 
amplitudes in the Alfred Basin. Values ofµ for the Victoria 
Basin have been a1.m1larly plotted 1n Figs. 210 (a) and (b). 
It appears that whether effects are Judged by the measure ot 
Range in the Alfred or the Duncan B&s1n, the result 1a much the 
same. When ampli tudea al'."e about a quarter ot the maxima re­
corded, vsluee of .P become larse in all caseo and the chances 
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ot rope-breakages almost van i sh. Thia result answers at 

once the question we posed a \, the atart or thia analysis 

(Section 135, p. 401) - by h ow muoh must oeo1llat1ona in 

the existing harbour be n,duaed by any proposed aolut 1on 

1n order to y1eld complete safety for ,shipping? 

139. Diminution of' Range Nec11saaey f'or Imm.unity from Damage. 

By ensuJt1ng that s,mplltudes are reduced to 25% it w111 

be reasonably certain ths.t .Q.'1.,tb.e stat1gt1eal ayer&~ ships 

w111 be immune to rope-bn,ak;1.ges. This does not, or course, 

mean to eay that breakages wlll not sometimes o~our: there 

w111 always be treak case's a tmilar to some or the ecatt•red 

points to the left o:f th~ cuiC'Vea of Figs. 209 and 210. 

It may be shown tl',1at ,1 reduet1on of amplitude to only 

50% would btt inadequate ·to glve satisfactory protection to 

shipping. F1gs o 209 and 210 show that the -,alues of f cor­

responding to & reduct1or,i or ampl1 tude to 50;t of' the maxima 

are 235, 180, 235 and 23:i, O {'f ,. say, 220 as a mean of t.he 

four curwa. I f we aesun1e r,r conTenience that a baa1n 1a 

occupied by ships all of one size and that the berths are 

all equally aumoeptible t o e t fects from Range-action, then 

equation (79) 111ay be traT.1s:f'onited to 
~ ,,_ 1n. Y,~ o( 
~ ,a = - - , 
I A/. /J . ----···- - --=-=...,,,,.,.=(.81) 

g1 ving the total number c,f r,pea broken. 

Assuming that only ro·-1r eh1ps sre using the Duncan . 

Basin at berths A, _B, C, and D, whose ayerage suscept1b111ty 

. to Range action from Table XIX 1s 24 .2%, and that the ships 

displace 20,000 tons and are each held by 20 mooring ropes, 

then equation (81) a.hows tha·t; for f=220, ,4 ropes will be 

broken on the atat1st1cal &T,:!r&ge. Remembering that on th11 

ba•1• ropea break only tbrough being genuinely overloaded aa 

a result or the seTer1ty ·or 't.be Range-action, tt 1• clear 
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that the 50%· solution 1s not satisfactory. 

~e~ _re_m~ins, howeTer, __ a r~~her consideration to 1n­

f'luence our Judgement in t.bis matter, and this i_s a atat1et1cal 

examination or the damage at the etub-berthe along the Eastern 

r!ole. · Thia damage has com:pr1sed, almost entirely, crushed 

tloat1ng renders and dented shell-plating, and it is obvious 

therefore that the movement of ships at the stubs 1a ma1nl1 

oft-and-on and therefore broadside-on to the ae1cbe. 

Now it can be shown th~t the maximum pressure-which a . 

ah1p or beam 2Ya will exert oi:i the renders of' a quay wall, 

when the clearance between itself and_ the tenders exactly e­

quals the amplitude o-f' an off-and-on movement from a transveree 

se1che, 1s 

_____ (82) 

Here m le the nodal1 ty or the . trane•erse se1che and 8 the 

width of the dock aoro·as which 1t oac1llatea, A be1ng,aa be­

fore, the amplitude ot the se1ohe and W the displacement ton­

nage ot ·· tbe ah1p. S1nc,e the d111enslon or a ship across the 

beam 1s linearly related to 11~s displacement tonnage by an 

equation or the torm 

x=c;+~111 
C and C · being constants, equation ( 82) becomes 

I ~ p = 2?r'maA w re -1-C w) (83). . lhltX 8 a. , ...,, 2 / 

For a g1Ten basin the proeeurtt 1a theJ-etore greatest tor a 

ae1ohe whose nodal1ty and amplitude are auch aa to make nr71 
a maximum. A b1nod$l se_1che ( m::2) whoae amplitude A · 1e more - . . . ... . :2 

than one-quarter or the a.mpl1 tude . A, ot the fundamental ae1che 

w111 tbua give a greater force or 1mpaot. A tr1nodal se1cbe 

( m= 3) ot amplitude greater than A,;9 or more than 4M9 
would give the worst ~f'fect, and ao on. Equation (83), 1t 

must be stated, 1s not valid for Talue11 or nz much lal;;"ger than 
• L.o. (.Ante ·p. i92), [12S], pp. 18-U. 
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3 or 4, but since the ampli'11;udes or seiches, or nodal1 ty 

h1 gher than this, usually d•,cay very rapidly, th1s 1a not 
a serious drawback. 

The conclusion may be reached that aeicbes between 
say 1 m1nute and 20 seconds will be most dangerous tor sh1pa 
in lateral 1mpact, since these are the moat act1Te multi­
nodal se1chos w1th1n a harbour. Further, the mass or the 
ah1p, as will be seen from equation (83), 1a or paramount 
importance in lateral ahip 1not1on, especially as the impact 
!QCo increases as the squaro or the displacement tonnase in 
the second term of the expro11s1on. 

Upon this theoreticaJL background a aomcnrbat similar 
analysis to the one for ropo-breakages 1n Section 135, wh1ch 
for the aake ot brevity we c,m1t from this record, leads to 
the result shown 1n Fig. 211. . Here despite a wide aqatter-
1n1 and paucity of points, the theoret1c~l trend 1a again 
established, and, moreover, the curve shows once more that 
on the atat1st1cal average, if aeiche amplitudes are reduced 
to about 25% ot the posaibl~ maxima (about 10 1na. tor the 
transverse ae1ohe 1n the Duncan Basin), the chance of 
tenders being crushed bec::omes excec,dingly remote. 

It was on this basis then that the criterion, that a 
real solution or the Range problem must reduce the present­
day maximum etrecta bJ 7!,%, was adopted aa a guide in the 
model experiments described in the last chapter (ct. p. 383). 

140. !ho Cause and Prfyen.11Qn or pamage from Rans,-Act1on. 
We conclude this chapter with some general obaervat1ona 

and conclusions on the queat1on of ship response to Range-ac­
tion. 

The tore-and~aft, oft-and-on and up-and-down gyrations 
ot ships during Range-action are essentially the result or 
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·ihe msse-moTements ot water caused by ae1ches w1 thin the har­
bour basins. Under the stimulus of this disturbance and the 
:reaction of its own ropes, a ship may develop a resonant os­
i:11lat1on in longitudinal motion which may impose excess1 Te 

11tra1ns on the mooring ropes, leading to fatigue and fracture . 
'rhe theoretical concept that a ship behaves much like 

a spring-suspended maaa, that is agitated by aome 1mpreaeed 
periodic torae (Section 133, p. 39~, haa been confirmed experi-
111entally (p. 401), statistically (p. 412) and observationally 
(Table XVIII, p. 390). The conditions which are likely to 
develop resonance between ship moTement and sea osc1llat1on 
~eally depend on the 11ze ot a ahip and the manner ot 1ts moor­
i ng, and upon the magnitude and periodicity ot the aea-oacilla­
tion which constitutes the impressed force. 

Each sh1p according to her aize ·and the degree of alaok­
ness and other character1st1cs of her moorings will have acer-
1~a1n inherent or1 tical per1od1o1 ty of osc1ll&t1on. It this 
disagrees with the aeiche-period1c1ty resonance 1a 1mpoaa1ble, 
nnd no serious consequences will ensue. This appears to ac­
count tor the tact that certain ahipa auccesstully ride out 
qu1t.e eeTere occurrences of Range-action, when .others, whoae 
1•ope-spring systema are more coneonant w1 th the impressed 
11urges, are T1olentl7 set 1n oac1llat1on under comparati Tely 

mild Range conditions. 

It would appear that for the &Ter&ge size of ship call­
ing at the port ot Cape Town, the dangerous per1od1o1t1ea at 
which resonance 1a pQaa1ble are below about l minute (pp. 393, 
395, 416). This result, der1Yed theoretically, 1a confirmed 
observationally (p. 390), and stat1st1cally (p. 408), and may 
be further supported by a simple process of induction. 

We b&Te already noted (pp. 300, 312) that at periodici­
ties aboye about 4 mtne. only a general r1ae-and-tall ot water 
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occurs oTer the entire area of the Victoria B&ain. Such 
motion 1s clearly incapable ·of stimulating longitudinal a.hip 
motion, and we conclude at once that critical periodicities 
tor ships muat be less than 4 minutes . We may go further · 
than this however, for 1n the per1odograms ot Fig. 124 (b) 
tor tho Victoria Baa1n we note that the critical bands of' oa­
e1llat1ona below 4 minutes are 2.,-2.A minutes and 1.s-1.9 
minutes. of which the latt.er ia much the stronger. We are 
thus able t.o inter that a1nce { from Table XIX) the Victo·r1a 
Basin bas fully {11.4/16.2) or 70% ot the auacept-1b111ty ot 
the Duncan Baa1n to range damage tn the form of broken ropea, 
cr1t1oal per1od1c1t1es tor shipping must be less than 2 .4 
m1nutees, and probably less than 1.9 mtnutea. It th• latter 
periodicity was the trouble-maker we could expect the north 
aide of the Collier Jetty and the 1na1de of No. 2 Jetty to 
be fairly bad bertba, tor model teat• show t,b1s area ot the 
Victoria Baa1n to be aena1t1n to per1od1c1t1es ot the order 
of 2 minutes. Table XIX, (p. 407), however, abowa that these 
berths are the best 1n the dock, and the conclua1on must there­
fore be that the real disturbing agents for sb1pa are ae1ohe1 
of et~ll hieher frequency, wb1ch are leas easily able to pone- . 
trate into the inner sanctums of the V1c,tor1a Dook. 

While most ships appear to be dangerously respon•1ve 
to large amplitude se1ches of per1od1c1t1ea below about 40 
seconds (p. 393), 'feeble resonance 1s possible with small 
amplitude se1chea of much g~ater per1od1c1ty. It 1a possible 
therefore tor the critical motion of a ship to compr1ae seTer­
al degrees of resonance from a number of superimposed ee1ohea, 
the l.ower modes of osc1llat1on c·ontr1buttng 1n a small way 
to the total cr1t1cal ettect. 

Tight moorings are a fairly successful antidote to 
Range troubles, prortded that the amplitudes ot hi'gb trequency 
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disturbances are small, and provided all slack in the I"Opea can 

be properly taken up. In practice it appears to be almost 1m­

posa1blo to achieve this desirable condition 1n the f1rat in­

stance, let &lone maintain it in th11t race of the tidal fall. 

Tight ropes, moreover, while effective against longitudinal 

sh1p motion, have Terr limited control on lateral motion, which 

is really 11t1ch the more serious feature or Range action (p. 416) ... 

It would appear from the studies presented 1n this 

chapter that almost complete immunity rrom the troubles of 

Range-action can be secured at Cape Town by damping the magni­

tude of present-day effects by some 75%. Thie degree of sub­

jugation (and more) has been shown 1n the model experiments 

to be attainable with the form of outer baein illustrated in 

F1g. 191. 
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CHAPTER XVII, 

THE PREVENTION OF RANGE DISTURBANCE. 

" •• ,.the power of man over Wature is limited oia:ly by the one condition, that it must be exeroiaed in oonf'ol'lllity with the lawa ot llature". 

- Sir John Herachel, 
Discourse on the Study of 
Natural Philoaophy, (iss1). 

141. Recapttulat1on. 

The general pecu11ar1t1ee of the Range phenomenon haTe 
now been described in some detail in earlier parts and chapters 
or this work. Individual suunnariee or nrioue aspects ot the 
studies on this problem may be round w1th1n preceding pages aa 
tollon: 

I. The Phenomenon ot RanSI (aa a troublesome Introduction, 
feature 01" the harbour at Cape Town, and (pp. 3-8) ;·section 
aa it was locally understood) gQ(pp.59-61). 

II. The Phenomengn qt RanS! (as a universal Section 43,(pp. 
occurrence in Nature, and as it was under- 126-128). 
atood in other parts of the world). 

III. The Origins of Range (as deriving trom 

art1tioial, ae1sm1c and meteorological 
d1aturbancea ot tho sea). 

rv. 'the Mechanism g:(' Range (as uncovered by 

obeernt1on, measurement, theory and 
experiment. 

sectlon 78, 
(pp. 223-230) • 

section 10:,, 

(pp. 303-313). 

v. The Action of Rans, on §h1pp1ng (as round section 140. 
rrom observation, measurement, theory and (pp. Al6-419). 
experiment) . --------~-----~--=====::::::: 
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There remalns to cone1der the ways and means whereby 
the Range phenome1non can be controlled tor the protection or 
uh1p-p1ng in the bl11rbour at Cape '!'own, and to sa,ther what seeds 
or wisdom, 1:r any" may be winnowed trom the researches. Before 
ao doing, howeTer, we may, tor the purposes · or further d1acua­
e 1on 1n this cba.pter, br1etly renew what baa now been gleaned. 

142. or1g1n of Rapg-Ac\ton. 

Range-aotion b&s been shown to .arise from the incidence 
or long ground-ewell1 on .the weBtern and southern coasts ot 
south Africa, arriV,.ng from sources 1n the aouth-weatern ocean. 

The phenomenon bas now been ·correlat•d with the paeaage 
ot frontal depressions across the South Atlantic. In th1e re­
gion vast atmospheric Tort1ces torm between the warm equato·r1al 
and cold nolar air-masses onr the open ocean. The reeult1ng 
depress ions travel in e;eneral on a Sol.1th-easterly course at 
epeeda or :rrom 30 to 40 knots. -passing, usually. far aouth ot 
Cape Town. Violent wlnds b1ow clockwise l"ound the depres•t,,n­
centree, thetr velocity 1norttaain,s to11ards the kernel of the 
storu in propoJ-ti()n as the barometric:-~dient 1nc:reasee . . TlM 
depressions, however. cover enormous areas and their prominent 
cold-fronts. which are surfaces ot discontinuity between the 
warm and the cold &1r-maasea, stretch 1n crescent tormat1Qn 
over distances or 1000 to 1500 miles north of the centres. 

· · Along tbe ·11ne ot the cold-front oold air 1a cont1nuoualy 
boring 1n under the warm air-maaa, as the whole tormat1on pro­
gresses. It 1a the arri"Yal of the antecedent warm air. and of 
the following oold fronts that brings to Cape Town 1ts north-

' westerly and westerly wtnde. its winter atorrrus and rain, and 
finally 1ta 11ea-awells and Ranse-aot1on. 
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W1 thi.n the atori11-areas waves are whipped up by the 

wlnds, the most prominont periodicities of the waves being 

proportional t o the wind-speed. The wave-trains of longest 

psr1od1c1ty a nd greateot amplitude thus tend to originate 

near the storm ... centre and propagate with the greatemt amount 

of energy. 

It would appear that the aurf'ace-tractton of . high winde 

is capable or generatin g waves or per1odic1tiea up to a 11111t 

of about 25 seconde. U'&Vt':ts of periods of 15 seconds and more 

are probably assiated i n their development by barometric fluc­

tuations which 1ncrea.so wltb the w1nd-speed and take OT61r the 

work or imparting enen~~ to water 1n the · form of longer wavea 

(periods exceeding 25-30 seconds), when aurracs-tract1on or 
the winds· 1s no longer adequate for tho taak . 

Bea1dee the -w1nd ... tract1on/barometr1c-:f'luctuat1on aource 
or aea-waTea and ground-swolls. it haa been shown that a train 
or wind-waves, pass1ng clear of w1nd-dom1nat1on and !Ne to 

propa~te ass smooth prooeseion, will of its own accord de­
Yelop antecedent and 1u,quent ground-swells through its natural 
tendency to attenuate. 

A third source c~f ground-swells may 11e in the collapse 
ot a traTelling depre,u;ion through · d1es1pat1on 1n the face of 

high-pressure ant1cyolonea. Ground-swells in this case would 

ar1se ·from the gravitat ional flow of t he released head of 
water under the deprese ion centro. 

Exoe·ptionally l ong forced aea~wavea can be generated 

by long-period air-waves or barometric fluctuations, which 
appear to arise when oTJe d.epreeaion overtakee another. 

14~. Nature of Ran s,-Ac1;1on. 

The sea-waves and ground-swells eYentually roll into 
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Table Bay. They may be brought 1n on the teeth or the wind with rain and sl•et when the cold.front of a depression oroaaea oTer . Cape Town, or they ey arrive tn clear, calm wee.th« er from remote d1Bt&ncea tn the South Atlantic. 

--

The energy ot the b~gbeet frequency wavers . ( periods le•• than 15 seconds. aay) 1s largoly destroyed through turbtllonce and •orticity in the surf alon! the coaet. but the longer ground 
\ 

ewella merely 9urge up the ehore without breaking and retleot to torm atanding wavea with oncoming members ot ibe1r trains. 
Where the topographical features or a bay, inlet or •••1-encloeed basin fawur 1 t, th• underlying ground-swells are re­peatedly reflected and form resonant osc1llat1ona or eeich••. · The b&etn selects tor th11 purpose only thoee or the S.ncldent, waTea as baTe about the aame per1od1o1ty aa 1te ~nm natural period• of osc11lat.1on. 

The whole phenomenon may be re~rea8nted by the !lnalogue or a bell and a eer1ee of tun1n~-torka, ot whtoh the bell repre­sents Table Bay and the .tun1ng~forb tbe train ot wan11. If a tuning tork la T1brated and held 1n the hollow or the bell with­out touoh1n~ an1 part of 1t, there will be no obv1·oua result ao long .aa the frequency of vibration of the fork: 1a in marked dia-1 

agree•ent. with the frequency a.t ·wbicb the bell itael:r would nor-mally nbrato 1f struck. . But when the r1f3ht tun1rig to·rk ta eelected, the reaponse is 1nstanta.rieous and the bell 5ive11 forth a clear audible note. 

The apeo1al .property at a se1~he cons1stc 1n a aynchron­ous 11o"f'8Jftent or the ent.1N water-aaas of the bay or bae1n, in w111cb eYer., water-parttoie .mone in phase .with ewr, oth•r. The ae1obea teni1 to be untnodal oi:- mult1nodal by oac1llat1ng about 
. 

. . . . 
one or more nodes where . water-part1el• movementa :are hor1sontal only. The •o&.nticil iii~uh&aiaru uy bfl .und.eratood ·from the water 110,rementa which qui't-., v1"liim,1•ily . occur in a bath-t~b once . a 



424. 

disturbance hae been created and the water is ai,lowed to quieten 
down. Arter the small disturbances ha-ve damped out, the water 
will be roun~ to rise and fall rhythmically at opposite enda or 
the batb and to move only horizontally at the centre. Such an 
osc1llat1on would be described tecbn1cally as a uninodal ee1ohe, 
through hartng but one node across the centre ot the bath. Bi­
nodal and tmltinodal oac1ll.at1ona may sometimes be recognised co­
existing or superimposed upon the tunda~ental ae1che. 

EY1dence has been adduced to show that even the South Ate 
lant1c Ocean itself performs slow molar perturbations under the 
influence (apparently) of the travelling depreaaions, the oac11-
lat1ons taking place between tbe m1d-A.tlant1c ridge · anti the weat 
ooaet ot ·Southern Atr1ca. Certain ot the higher harmonic osc11-
lat1ona ot this g1.gant1c basin are able to resonate 1n the bowl 
or Table Bay. and classify as forced ae1ohea. Forced ae1oh•• 
are oac11lat1ons wb1cb through be1ng resonant 1n some external 
system are 1mpreaaed upon an internal ayatem. such aa Table Bay 
1n this case, 1n which they may or may not be resonant aa well . 

or 1ta own accord Table Bay 1a able to respond to tre­
queno1es or d1aturb&ncea which are too high to produce any effect 
upon the greater ooean1c basin. The bay bas been found to func­
tion Tery much like a oompoa1te of an ell1paoidal, circular and 
rectangular bowl, and has natural modes or osc1llat1on peculiar 
to it. The moat prominen·t per1od1c1t1ea,, among many others, are 
62, 51, 33-26, 23-17, 14-12, 11-10, 9.8-9~4 minutes. 

In the same way that the forced. se1chea or the oceanic 
basin influence Table Bay, mo the forced ae1ohes of the bay are 
impressed upon the quas1~bas1n formed between the breakwater and 
the ahore. As it chaneesv the 11~10 m1nuto ae1che for the bay 

is exactly resonant for the breakwater-shore system, while the 
14-12 and 9.8-9.4 minute forced seiches· are near-resonant. 



Quite apart from this, the breakwater-shore quasi-basin 

begets its own natural se1ches of higher frequencies to which 

the bay 1a largely 1neens1tive. and these 1n turn become the 

forced se1choe to influence the barbour-bae1na. 

The . troubles ot Range-action peculiar to Table Bay har­

bour arise from the exc1tat1on of se1ches within the docks 

which are sympathetic to the forcing aeiches in the external 

roadstead. By an odd mischance the dimensions of the Duncan 

Basin and the loeat1on of its entrance fayour the deTelopment 

or longitudinal and · transverse aeichea of the same per1od1c1-

t1ea aa eome of the harmonics of the breakwater-ahore oac111at-

1ng ayatem. Not unnaturally the osc1llat1ons within the har­

bour baa1ne are able to attain apprec1a~le magnitudes. 

For the Duncan Basin, which 1s almost exactly rectangu­

lar, the natural periods of long1tud1nal and transverse oec11-

lat1on, 1n the fundamental (un1nodal) modes, are reapect1~ely 

of the order of 5.6 and 1.8 minutes. For the Victoria Basin 

which 1s roughly square the f'und&mental oac1llat1on·1a about 

1.9 minutes. If we double the longest per1od1c1ty tor each 

basin. we obtain a mode of oac11lat1on 1n which the node is at 

the mouth of the basin and the antinode at the far end or the 

dock. most remote from the entrance. For the Duncan and Vic­
toria Baa1na this condft1on obtains at per1od1o1t1es or about 

11 and 4 m1nutee respect1yely. 

All f'orced se1cht,s ot periods greater than these reapeo­
ti Te f1surea act on tb.e bas1ne as surges through the entrances. 
which create a general r1ae and fall or water over the entire 

dock areas. Thus the 33-26 and 23-17 minute se1ches of the 

bay impress themselves upon the harbour basins in th1e way, 
while many or the se1ohtu1 or the breakwater-shore system wh1oh 

baYe periods greater than 4 minutes impose themsolTes 1n 11ke 
manner on the· Victoria Dock. 
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All seichea of per1ode less than A minutes in tho 

Victoria Basin and 11 minutes in the Duncan Basin conetit\.$) 

osc1llat1one about nodes within the .basins> &nd these are th• 

ones which are ordinarily referred to as Range. We may thus 

recognise .two kinds of action that can take place, either 

singly or together, depending on the forcing se1ches in ex­

iaten.ce. An oscillation may develop inside a b&sin and be 

sustained with relatively feeble transference ot water through 

the b6s1n mouth, or a comparatively slow riae and tall of wa­

ter over _the entire dock area may take place, accompanied by 

a powerful tlux of water through the basin entrance. The 

first kind of aotton is dangerous to moored ships while the 

aecond 1s dangerouis only to ships being navigated through the 

. dock ent ranees • 

144. Ship Regoonae to Rans, Agtion. 

Internal osc111at1one in a baa1n arrect ships by caua-

1ng them to move long1 tud1nally, laterally and Tort1cally, 

aomet1mes with a roll, wheNTer a ship may happen to lie in 

the periodic (reversible) currents of the oee1llat1on. Ships 

rea1et tbeae movements by pullin~ on their mooring ropes or 

making contact with the floating rendera. but as t,he :forces 

to be countered comprise the inertia or the ah1p and the 

~ pressure or the surge, (which, in efteot, doubles the inertia 

~ or the ship), it is easy to see how dam&89 can result when 

large sh1ps are 1nTolved. 

In long1 tud1nal motion a.long a quay a ship ·can resonate 

with the act1~t1ng seiche provided its moor1nga arc of tho 

r1sht order of' slackness. It hao been found f'rom theoreti'cal 

principles. verified by experiment and confirmed by actual 

aeaaurements on ships, that the . mo21t dangerous cond1t1ona for 
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ah1ps as ordinarily moored pre'V&il ,rhen 1.1e1chea with periods of 

the order e>f 1.2 m1nut-,a and i~ea attain lar~ alllpl1tudee in 

the harbour baaina. It is known that second and th1rd harmon­

ica or the rund&m$ntal transverse eeiche (1.5-2.1 mina.}, re­

spectively ot periode 0.8-1.i and 0.5-0.7 min •• can attain 

considerable prominence during severe Range-action, particular­

ly in the Duncan Basin. To the action ot theee h1gh-frequeno7 

se1chea llUl!lt t ·herefore be attributed much ot . the troubles that 

have arisen from sb1J1s breaking adrift. 

It bae been shown tbalt the size ot a ah1p 111 not ot 

the importance 1n lonp;1tud1nal ranging that might be expected . 

Far more important are the magnitude of the ae1oh~e and th• 

condition or the moorings. Large eh1ps 9 however, tend to reso­

nate at aomewhat longer per1odic1t1ee than amaller sh1ps, but 

eTen for the largest ships 1t is still the mult1nodal aeiobea 

that are moat critical. Th1e., ot course., 1a not to aa7 ttiat 

tho etteets ot tbe prominent transverse seicbes (1.5 - 2 .1 mine) 

are negligible: these. undoubtedly, contribute to the total 

effect ot caua1ng ·a ship, ulttmately. to oTeratra1n its ropes . 

In lateral motion ott and on a quay, a ah1p 1a, strictly 

speaking. unable to resonate, because the latitude for move­

ment 1• far greater than the extent of surse and the oasential 

epr1ng-aystem is lacking. Nevertheless, if a ship happens to . . 

be off a quay bJ the right amount when an on-surge takes place, 

the forces of impact at.the end of the movement, when accelora.­

t1on 1s a maximum, can be Tery groat. The mass o:r the ship is 

or the greatest importance ·1n this case tor the force or 1•­

pact ( 1n part) is proportional to the square or the dltiplaco-

. ment tonnage. 

As the greatest accelerations in the ott-and-on movement 

are caused by the prominent multinodal aeichea, the inference 

can · again bo drawn that 1 t ia per1od1o1 t1ea of about l minute 
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down to say 20 aecorids that are most. critical for ships. 

A factor of considerable importance governing the be­

haviour of a ship during Range action, dep0nde upon the lo­

cat1on within the harbour whero it happens to be berthed. 

some berths are worse than others according to the disposition 

of the nodes and antinodes or the various seiehea: as the 

latter are largely invariable, it is possible to define the 

relative suscept1b111t1ee of the different quays. Thia h&111 

been done stat1st1cally in Table XIX (p. A07) with ver, in­

teresting reaulte which are . confirmed without exception by 

the peraonal observations of the . Port Captain and bis statr. 

The worat berths in the harbour are along the Eastern 

Mole where off-and-on action is very strong, but the stub 

Jetties are partly to blame for the notoriety of th1a part- ot 

the harbour, owing to their ettect in holding ships tarther 

off the real boundary wall or tho Eaa,tern Mole than 1a de­

sirable. In ooneEtquence, ships, berthed. across the ends or 
the stubs, are subject to larger lateral displacements and 

accolorat1one than would otherwise be possible were they tied 

along a straight quay wall. 

Of the remaining bertba B in the D~.mcan Basin rank11 as 

the worst, with a 1 1n 3 chance that ropes w111 be fractured 

there during an occurrence of Range-action. Several other 

· berths in the Duncan Basin a-re aleo bad, ae also are two or 

three in the V1ctor1a Dock ·(cf. last column of Table XIX, 

P• 407). Generally, boweTer, the Duncan Ba.sin shows a greater 

propena1ty for Range troubles than the older dock, and this 

can be ascribed veey largely to its greater size and the 

smaller degree of protection 1 t rece1 Tes from the breakwater 

as well as to ita unfortunate dimensions in relation to th• ex­

ternal dimensions or the harbour. and the position of the 
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latter in relation to the bay. 

Over the years l9AO to 1946 there was a notable 1sseen-
1ng of .the magnitude and frequency of the Range disturban~es : 
at Cape Town, which seems to h&Te persisted up to the present 
time. It 1a 11kely th.at .this trend is related to secular 
changes 1n the weahr operating up0n the traTell1ng depressions 
of the South Atlantic. In the worst years of Ranse-act1on 
(1940-1942) there were a.bout 40 . occasions per year when Range 
action was severe enough to cause rope breakages and_ other . 
damage. By 1945~46 th1a rrequenoy bad dropped to about 15 
oe:cas1ona per year, and in more recent yeare it may haTo de­
creased further, although this bas not been apeo1f1cally 
checked. 

The second type of action, which we noted as affecting 
only the nartgat.ion of ships throu.gh the basin entrances, doee 

·not ordinarily reach troublesome p:roport1ons concurrently with 
the first type of action, (1nvo1Ting ship ranging), ~xoept 1n 
the Victoria and Alfred Basins. In these two bas1ns aurg1ng 
at t,he mouths can be ' Ttrry unpleasant during severe Range-action, 
as a result of forced set1ches with ·periods from ~ to 12 minutes. 
but it requires seiches or· longer periodicities than tb1a to 
create the ~qu1Talent effect at the mouth of the Duncan Ba111n, 
and tbe forced aeiches Qf the bay, wh1ch do it, are not u111ually 
at the·ir VN>rst when :st.T~n .g Range-action of the first t7pe pre­
vails. 

The long-period se1ches or the bay have been found to 
reach large amplitudes under the influence or prominent air-,. 
wavea or barometric fluctuations, simultaneously with their 
cror:ssing over Cape Town. The effect or these aeiches upon the 
Duncan Ba.sin is to cause a violent flux and reflux of water 
through the entrance at velocities up \o 4 or 5 knots. otten 
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persi~ting intermittently for as long as 2 or 3 days. The 

phenomenon has been found to occur as often as 10 to 15 t1mea 
a year, and to reach reall1 dangsroue proport1ona on perhap11 

2 or 3 occasions per year. 

'ffhile coll1s1ona of ships w1th f1xed structures have 

been narrowly averted at the Duncan Basin entrance, they baTit 

several t .imes occurred in the more confined spaces or the 

V1otor1a and Alfred Bas1na. As tbe spate of the reYer11ble 

currenta can destroy th~ momentum or a eb1p ana whisk her 

out or control 11ke flotsam, 1t 1a always potentially danger­

oue. 

145. Reguirements of a Complete Solution to the Range Prob}.••i-
The 1deal aolut1on to the Range problem WQuld be one 

which not only reduced the internal oac1llat1one in the har­

bour baa1na to harmless proportions and el1m1natod dangeroua 

currents from the entrancea, but left tbe port aa tree and un­

trammelled ae the efficient conduct ot ita eerYioes requires. 

The solution must be auoh. moreover, as to ·cure the Range t .roubo 
lee without raising any fresh problem, engendered .by its appli­

cation. 

It must be admitted at the outaet that such an ideal 

solution 1s unattainable tor the reason that there 1a no known 

method or combating the currents 1n the baa1n entrances, short 
or sealing them orr entirely. 

It 1e axiomatic that the lower the frequency ot a wave 
or se1che, the lee a chance there 1a of bloclt1ng 1 ta entry into 
a confined area. Thua no harbour construction, •bort or a 
lock-gate, can eyer subjugate the tidal flux. At the other 

end or the scale, the ·highest-frequency wavee, as we know, can 

be sb1elded from anopen roadatead by a simple breakwater~ 
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These extremes can be regarded as special eases of a general 

theorem that 

The width of entrance necessary to exclude serious wave 

disturbances fl"om the 1nterior ·or any baa1n depends on 

the frequency of the disturbance, being theoretically 

infinite ror tho h1sheat frequency waves and zero tor 

the lowest frequency waves. 

The form or this relationship 1e not d1:t'f1oult to env1e­

ase and might perhaps be expressed mathematiaally as 

··b= kp~ ____ (84) 

where /, 111 tbe entrance width, p the wave-trequenoy, ·k a cons­

tant and n a numerical exponent. Although th1~ theoretical con ... 
I 

cept 1s very 1mper!eot and largely or academic interest 1t may 

aerve to guide us in the practical 1eaue. The equation sat111-

:r1es the extreme conditions we haye postulated, and turther al­

lows for tho obaorvational raot that a basin entrance would have · 

to be practically nothing at all to choke ta1rly low frequenc1ea 

of waTea (amall values or /J ). 
For the purposes ot argument, we may rewrite (84) a, 

b= k l-n • 
wbe:re r is the W&Te-period, and select an arb1 trary ...alue of 

. n , say 2. It the Duncan Basin with an entrance width ot 

400 f't. is reasona'f:>ly proof aga1nat 10 aeoond W&Tea, the con­

stant k would baTe a value ~r 4 x 104 • Using this, yalue ot k 
we may now seek tll enq111re what entrance width would diapers• 

60 aeeond waves. 'rbe anawer ts found to be 11 f't. Thia example 

will seM'e to 111u-etrate 011r point that the degree of choking 

which is ettec:ti 1".!!9. again11t long ground-swells, obtainable by a 

a1mple redu_c,t1on in the entrance width of a ba.s1n~ (within the 
. . 

practical 11m1te ,posaible), 111 extremely limited. 

A apeott'ic example or this 1a artorded by the Duncan 
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Basin, the entrance-width ot wh1oh was originally 750 feet. 
Although this mouth was subsequently narrowed by the Tery sub­
stantial amount ot 350 feet, the narrowing failed to exclude 
the troublesome ground-swells, although 1t had a limited bene­
t1c1al e:rtect in Dl&sk1ng the b1gbor frequency waves. E,ren the 
Victoria Basin with an entrance only 250 feet wide, in the lee 
of the breakwater, is not proof against 60-second waves and 
lower frequencies (ct. Table IV, P• 257). 

We bave, therefore, to reooe;n1ee the 1mpoes1b111ty of 
controlling the currents of the very long period aeichos. The 
b'~e·t that can be done about them is to ensure that ships are 
safeguarded against dam.age 1n the ennt of their being carried 
out· of control. 

The pos1t1on 1s more hopeful in the case or the internal 
osc1llat1one within the b&a1na, deriving from se1chea or per1o­
d1cit1es of lesa than, aay, ·6 minutes. The researehea he.Te 

shown (Section 139, p. 414), that it these are by any means re­
duced to 251, or leas or the maximum magnitude known to haTe 
occurred in the worst years ot Range-action, then ships are 
reasonably sure to be protected against damage . An1 solution 
which accomplishes tb1a will be a real solution though not a 
complete one. 

As an alternatiTe to the solution which seeks to_ elimi­
nate the . internal osc11lat1ons, is the solution that seoka to 
tolerate them, but at the same time immunize shipping from 
damage. Model experiments and theoretical considerations have 
shown that it only eh1ps can be moored always w1th taut rope•, 
the chances ot damage 1n longitudinal motion almoat disappear. 
Any mooring technique which ensured permanently tight ropee, 
coupled with the use of ahock-abaorb1ng fenders, would there­
fore pronde a solution to the problem without requ1r1ng the 
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erad1oat1on ot any essential features or the . Range-action. 

There would be. .. ~~~~ f9.t . JlQ.Qa,l~~-~a.'b..le _ q_~u:t..\~-g .. lrL~~~r.~--
1ng upon a solution 1nvol'f'in~ add1t1onal saa-dot"ence works lost 
the balance of natural rorcoe already existing should be dra1-
t1cally uDeet, thereby creating new problems. One such poten­
tial problem at Cape Town is the erosion of the llilnerton fore­
shore. There are those who hold the view that the oonatruct1on 
or the breakwater prec1p1tated this erosion in the first in­
stance, and that it bas since been accelerated by the enclosure 
or the Duncan Dock. A solution of the Range problem which 
et111 further encroached on the aea spaces flanking the Milner­
ton shore, might eaa1ly aggravate this erosion. The exercise 
or due caution would therefore seem to be necessary', particu­
larly now that precise measurements or the erosion haTe been 
made by the :Munio1pal1ty or Cape Town tor more than a decade. 

146, Pgaaible FQDBQ of ~g.lut1on. 
We prooeod to consider s-pec1f1cally the types of solu­

tions which might be app1.1ed to the Rane;e problem 1n gener$1 
and to Table Bay harbour 1n particular. 

Many auggeet1ona were rece1Ted from interested persons 
at. different t1mea during the course of the research. They 

included auch 1mposs1ble and unpractical 1deae as breakwaters 
to Robben Island, canals to False Bay, ahoala in Table Bay, 
the use or air-Jets to oppose the currents and break up the 
ground-swells, and final ly the use or tloat1n~ breakwaters. 
In respect or the last-mentioned, it 1s 1ntereet1ng to record 
that Scott-Russell , prov1ded ua w1 th the answer fully a century 
&go: 

:• Ct. Stevenson, (l.o. ante p. 11). f5), p. 79. 
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Large tloa.tin~ aaHe1 vould. oertai11ly. interoept 0101llatb1g · 
•v•e er a aall depth. and in moderate nather they would otten 
atill the water.... Jlo mo~ toroe oould ·etteoti.ely Houn a 
large tloating breakwater broadaide•OD.·to a heaTy ·ground-awell. 
It would move horiaontally with the wave of tra.nelation, whioh 
would propagate itHlf along the 'bottoa, just the 1&118 a• it the 
breakwater waa ~ot there. 

'l'hoae suggestions which remain, or w'h1cb eTol ved 1n the courae 

ot the researches at Cape Town, as being 1n any sense wortbJ 

of oona1derat1on, may be 11ated below aa: 

1. pey1aee to egable al]1pa to outrJ,de Range act1on ,·wJ.incmt 

damage. onsur1.ng 
A. Permanently tight ropes. 

B. Prevention or lateral impact. 

2. structural 'g_gangs to th1 bfrmr, reducing 1n·ternal 

oec1llat1ons to harmless proportions. 

A. Entr&ce gatea ot- loou. 

B. Re-location ·or Duncan Dock entrance, and/or 

internal piers. 

C. Outer basin enoloeurea. 

3. Dcyicea · to :ctrmit aat, .gaytgtton or baa\n entrane,,. 
A. Shock-absorbing protection at entranc••· 

B. \faming apparatus. 

14z. solut1ona 21' TIP! 1A {1;,rmanently Tisbt fiopeal. 
The problem or cmeiur1ng tight ropes at all times in the 

mooring of ah1ps bristles with d.1ff1cult1ee. The port autbor-

1 tiea have many times eitreased the practical· d1ff1cult1ee 

wbioh militate e.gainst the attainment or tight moo:rtnsa. 

Theee include euch tactor11 aa the efficiency ot the ah1p'a 

orew and their knowled&• or the Range-oond1t1ons, the ma.cb1n­

e17. ava1lable on the ship tor hauling 1n ropes, and especially 

the state of the tide at the t1me ot 11oortng. Added to th1e 

1s a seaman's innate reeling that it ia always easential to 
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prortde ala.ck in the ropea, when mooring at low tide in order 

to prennt their being onrloaded · at high tide. This outlook 

might· be justifiable at some porta where tbe tidal rise is 

considerable, but at Cape Town where the rsnse 111 not ordi­

narily greater than 5 feet it 1a unimportant. The inevitable 

result of' this attitude 1s uaually a rather too generous 

allowance or elaok 1n the ropes. 

ETen conceding the moat fa'fOur&ble comb1na.t1on of 

c1roumstancea 1t 1s not practically possible to enaure tight 

ropea to the extent necessary to preTent play of a ship in 

the periodic cui,.-ents of a aeiche; at least, not while aoor-

1ng technique remains what it 111. If therefore, a aolutton 

to the Range problem 1a to be sought 1n the form or preTent1on 

without cure, 1t will be neces•&l'J' to adopt some _foolproof 

system of mooring which will ensure tight ropes at all t1••• 

under all conditions. 

One obrtous method or acoompl1ah1ng this. which 0011ea 

to mind, would be to loop guy-wires round the bow and stern 

moorings or a ship and to apply lateral pulla on these ropes, 

· (by running the guy-w1:rea round capatans on the quay), ouft1-

c1ent to take up the alack in all the ropea. · Any auch ayatem 

11, bowe...-r, impracticable of adoption at cape Town, owing to 

the confined working al)&cee between the crane-rails.and the 

cop1ng-edgea of the quays. In any case, the desired result 

a1ght be difficult to ach1eTe owing to the tact that a group 

of bow or stern ropes, moored to a a1ngie bollard or several 

bollards, are non-parallel and widely d1apersed. 

One other method remains, which 1s not beyond tbe 

bounda or practical poss1b111ty, thoush not at Cape Town. 

It 1a mentioned hero aa a generality. 



It e!:!~t~ ~,,.s t.bfl.l ui,~ ,:,:f specially dee 1 gm,d 'n~n~ulum 

bollards', . "" $Q.Offll tn F i ~. 212 (a) and (b). These bollards 
would, in point ot fact, be penduluma mounted on gimbals in 

ateel rrameworks, anchored to the quay wall. In general appear­
anoe the bollards would not be greatly different from ord1n&;ry 

r1xed bollards common to moat ports, tor the gimbal suspensions 

and the main -pendulum masses would be hidden trom view under 

deok-plat1ng. Fig. 212 (b) suggests the general form of the 

mechanism thus concealed. 

In pr1no1ple the operation of mooring a ship to the 

pendulum bollards woul_d be briefly this. ·At the particular 

bollard to which the matn bow or stern ropee or the ah1p were 

to be attachedr a cover plate would be removed from the deck­
plating and a portable leTer u1ed to operate a train of gears 

ao aa to carit the pendulum away from, or the bollard towards, 

the ab1p. The ahip'a ropes would then be secured to the bollard 
in the usual way and drawn as tight aa posa1ble by the usual 

means. Therearter; when both bow and a tern moorings had_r-ge 

tast 1n th1a way, the ·gear-trains would be reTersed unt11 the 

pendu1um ms.Elsea exactly_balanced the rope tensions. The gears 

would then be disengaged, and the pendulums would be free to 

react against the tendencies ot the ah1p to displace longitud­

inally or laterally. By ·ha Ting two-axial gtmbal auapena1on 

aa shown in Fig. 212 (b)i, the pendulum would automatically 

align itself w1th the reaultant or the rope 1Nlls, but its di­
rection of tilt would only be el1ghtly oblique to the quay. 

Once the pendulums were released the slack in the ropes would . . 
be permanently taken up (F1g. 212 (a) ), and violent and audden 

strain of the ropes preTonted 1n an subsequent move•nt otth• 
ah1p. 

Complementary to any such ayatem o·t mooring would be the 



· necessity f'or tightening the ropes again at low tide, and 

probably the abandonment ot ·coir springs to prennt undue 

stretch and consequent sag or the ropee. The pendulum bol­

lards themselves would act as shook-absorbers or apr1nga, 

and the use of strops would ·be redundant. It 1s, of courae, 

implicit in such a mooring achet11e that any one bollard should 

not oarry the mooring ropes or more than one ship. 

14~. Solutions or ~x~e lB (FroTent1pn of L~ttl;!l Inwac~L:.. 

In the presence or severe Range-action of the off-&nd­

on type damage can only be preTented by suitable ahook-ab .. 

aorbing dev1cee to euahion the impacts. 

One :comparat1 vely simple and reasonably ottooti:Ye 

remedy, which has been regularly employed by .the Port Captain 

at Cape Town 1n the l&l!lt aeT8r&l yeara. uses anchora to bold 

a ah1p oft a quay so that contaot 1s 1mpoaa1ble. Tbe apparent 

obJection to the genorel adoption or this practice 1• th• 

danger ot the anchor oh&ins fouling other ships or orart 

us1ng the. harbour bas.ins. It 1s also aomewhat doubtful 

whether 1n really sewre Ran~-aot1on tbe system will con­

tinue to give aucceaa. 

A aore sat1st'actory answer to the impact queation 

would be the employment of some ·sort or resilient fend.ere. 

such fenders would be useful at all times whether other aeana 

wore adopted to cure Rmnge-troublea or not, and th1a raot 1a 

surt1cient Juat1f1cat1on tor examining certain poaa1b111t1es 

1n this direction. 

A spherical pneumatic fender bas been auggemted by Kr. 

H. s. Olive, former Harbour Engineer, Port Elizabeth, and en­

visages u~e or a rubber dphere, pnoumat1cally intlated~ about 

6 toot in diameter, as a bu~ter between ehip and quay. The 
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idea app,21~ . gqog. _~h~µ@p. __ r~u.sh~ .'!J~h pract1oal ~1f't'ieult1es. 

Thus the point of attachment of tbe holding chain would come 

in for some very auJvere t.roatment, 11". &e will aurely happen, 

it 1a rolled into contact with the ahip or quay. The rubber 

will 1n coune of' t1me be lacerated by tbe Cb&in under this 

action. Tbe 11te of' the rubbor 1a1gbt no-t be Tet:y long anyway. 

ow1n-g to the aeTere stnu,see 1 t would be aubJeot to in being 

rolled as an oblate spb,eroid under compreeaion. 

A nrt1oal suspended fender has been uaed with some euc­

ces• at, certain British porta lW' . The deT1ce cona1•t• of a 

beaYJ vertical concrete oy11nder, with t1mbor facing, au1pended 

by 11nka to cantilever extensions from a quay wall. The ar­

rangement of suspension is such that unaor pressure the oyl1n­

der yields horizontally and then Tertteally, and enerf5Y 1a ab­

aorbed 1n raising the 'heavy maaa. A number of such vertical 

:rendera, atrate gicallJ placed. along a quay rronta~ would no 

doubt very successfully eliminate all impact and prevent an1 

damage to ahipa. 

Another device ,rJh1eh has the advantage of being trana­

portable and usable in the eame way that floating fenders are 

now employed ie here ,imggeated as a third poae1b111ty 1n thia 

field. Tbe arransem•nt, la shown 1n Figs. 213 (a}, (b) and 

(c), ot which {c) is a photograph ot a rougb working model. 

'Ct.tilt . to demomstrste J.te reas1b111ty. 

The r ·emder may ·t>e aeen to cona11ft or two seot1one, 

oonneoted in parallell:Lam by sets or 1.1rtk:a. T'ile two section• 

or tender are held apart .from each other by three powerful 

shock-absorbing spr1nf5EJ of ~he type shown in ~lg. 213 (b). 

An preaaure le applied to the f'ender the ao~t1ona come to­

getner under tho action of tbe 11nka and ~he con~:ract1on 1a 
_...,~_.._,, ...... - ...... --.-·~ <1--A• _,.. •. , - .,..._.._-·,. -..-,...-.-";"'I"~- -- ... · --------------------== 

~ 
$u1pended 't~ders and Dolphins', .i(ugr., Vel. 161 ~aron 1946 
[124] • pp. !21-222. . • ' . 
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'lb~ 1..pri~t, u1a(.t:c.·i.t.lliu.1 is &u ad~ptat).uU C!f ·t,'ie ' .r'1n&rch • 
ahoo1t-obsorbei:• sprin~ wnicii 1a regularly 1n u111e &t· many port•, 
usually as a fixed or swivelling installation on quaya for 
holding ships' ropes. Unlike the Monarch a1>r1ng wh1cb use• 
the lever principle wltb fulcrum between the load and the 
spring-force, (Fig. 214) the 11pr1ng arrangement ot F1g. 213 
(b) has the 1oad intermediate between tulcrum and apr1ng­
rorce. As 1n the Monarob apr1ng the fulcnim -of the tender 
aprtng 1s arranged to diaplace toward.a the load as the load 
increases in magnitude, and becauee or the powerful levera~ 
thue artorciod, 'the hel1ca1 1pr1ng 1s c.apabl• or oarey1ng theo­
retically 1nt1n1te load. Compreas1on or the apr1ng tbu• 
y1elds increasing rea1atanoe to the load and the ahook pr.ea­
ure 1s smoothly abaorbttd. The apr1ng mechanism or F1g. 213 
(b) 1e mounted on piTOta ao that aw1Titlling action 1• po•a1-
ble to compensate tor the alight relative longitudinal d1a­
plaoement ot the two a~ct1ons of tho tender. 

As shown 1n F1gq 213 (a), ·the spr1ng meohan1ama could 
be housed ·111 weather-proof covers above aea wat.er-leYel by 
way ot protection from the worst effects at !lying spray. 
'fne relative displacement vertically of the two a,ectiona of 
the t1mber f'ender would be restated by the torsional atrength 
or the links, as also ~'ould be relat1 ve tilt. Tha sections 
would thua have 11m1ted freedom 1n only two directions, long­
itudinal an~ lateral. 

It 1•. estimated that a floating timber fender o! tbia 
kind, or about the usual dimenatons (say 50 feet long), would 
carry the load of the mpr1ng mechanism quite easily and •tabl1. 
No more than the usual number or tenders (two) would be 
required at, each berth. 
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142. so1ut1ons or TJm2A CEntrEnti&Ga.tos or I.,ocka}. . ' 

One obvious solution to the Range problem, which appeala 

to many minds, 1s the provision of sates or locks at the baa-

1n-entra.nces. Either or these schemes ia probably feasible, 

but both must be c:onaidered ae, ser1ous ·1mpediments to the 

harbour. 

Any kind of approach lock to the Duncan Basin would 

have to be built aa f'&i!' as possible 1n the d1re,ct1on ot the 

wind: unless lined w1t h ahoek-abeorbing fenders 1t would 

always be a hazard t~h1ps and a serious bottleneck to the 

harbour. 

Much the same disad"Y&ntages attach to the proT1e1on 

or entrance gates. Here a considerable engineering problea 

would be posed in proT1d1ng gates to operate successtully 

across wide gaps. The teat could perhaps be accomplished 

by means or retractable telescopic gates operating on rail• 

on prepared sills, but the forces they would be called upon 

to resist would be ~no t"Tllous and the designs would have to be 

or extremely heavy buil d. The d1sadvantages, high capital 

coat and heavy maintenance expenses, 1n the author's opinion, 

rule out these schemes as practical solutions to the Range 

problem. 

150, Solutions of~ __ '.r..nm_ 2B (Re-locatiof!. __ Qf Dock Entrance1, 

Piere, etc.) 

strenuous effort s were made in experiments on the 

model or Table Bay Harbour to find a solution to the worst 

features or Range-action. which would be rolatiTely simple 

and inexpensive. The atudies or tho characterist1co of 

ae1ches between the breakwater and the shore (pp. 273, 281) 



441. 

, ... 
ra1aed the hope that a new position might be round tor the 
Duncan Bas1n entrance which would make that dock leas .sus­
ceptible to the st1mulua or the external eeiobee. At one 
stage th1a aearch looked nry promising (ct . Section 127, p . 
371), but more r1gorous and comprehensive tests, undertaken 
later, reTitaled that no simple solution or the probl.em ap­
parently existed (p. 378). 

We may, tor th6 purpoaea ·or d1scues1on .beN, consider 
the experimental result8 tor what waa perhaps, ultimately. the 
beat of the trial-solutions, . tn which 1nte-mal p1era were 
tried in relation to d1tterent locations or the entrance; 
namely, solution H5 of' Fig. 183 (b). This particular aolut1on 
would 1nT01Ye the building or a ' pier 1350 reet long at the 
northern end or the Duncan Basin and the retent1Qn or the ba-
111n entrance at its present e1te. The per1odograms obta1ne4 
1n the model experiments tor th1e scheme (red), in comparison 
w1th the existing basin (yellow), are shown tor the t'our oor- . 
nera ot the dock in Fig. 215. 

Tr1al-aolut-1on M5 would be a .real solution if 1 t re 0 

duced the ·magnitude of the internal oac11lat1ons to 25% of tho 
maximum known to have occurred in the paat. The cr1 terion for 
judging the severity of Range occurrencea 1n the pa,t baa 
been the record of the Lea t~de-sauge in the Duncan Dock, 
situated not tar from the E-bertb oornor, ao that 1f' solution 
M5 1• to be regarded as s&t1at'actory it lllUSt reduce the oso11-
lat1ons 1n the basin eTerywhere to below 25.% or the 1.9 min. 
oac1llat1on found in the model ex1at1ng-bas1n at the E-berth 
corner. The 25% 11m1t 11nee, thus defined, are shown 1n Fig. 
215 . . 

Three corners or the modified Duncan Bas1n 0011.ply with 



apec1f1ed requirement for.periods of osc1llat1on less than 
2.5 m1na. ·(Fig. 215): · the rourtb corner gives a reduction 
to 50%. At periods above 2.5 mine., · however, solution MS 
1noreases the osc11lat1one at the northern end of th• basin 
to tremendous proporti ona and the per1odograms for A and E­
berths assume a Tery untayourable appearance. The condi t1on 

represented bJ the considerable peak at 3.6 m1ns. per1od1c1t7 
< 

· ~t the E-berth corner of the dook (Fig. 215) was character-

11ed 1n the model by a T1olent flux or water round the 1350 
ft. pier. Thia would almost certainly have its repercusa-
1ona on ah1pp1ng lying at G and H berths as well aa alon·sa1de 
the new pier 1tselt. The t1ndtnga ot the last chapter acl-
mi ttedly indicate that trequenc1•• higher than this are the 
main oulpr1ta in producing or1t1cal ship motion-, 'bl.lt they 
have also established that the longer per1od1c1t1ea are not 
completely without effect. 

As a permanent aolutton ot the Range probl•• aoheae 
MS ta not very attractive, tor it still leaves one corner 
or the dock 1n vulnerable condition. An 1m-portant taotor 
m111tat1ng against its advocation 1a its auacept1b111ty to 
oaa11lat1ons of' per1od1o1t1es below, say, 1.5 ·a1nutee. 

The sub-d1v1s1on or the northerq end ot the dock into 
two compartments by the pier 1a likely to create oond1t1,on11 
f'&"fOurable to tbe development of Just those b1gh.er · trequency 
oac1llat1ons which are most or1t1oal tor abipa. Tbe model, 
unfortunately, was ·not very well auited to the examination 
of per1od1c1t1ea below about 1.2 minutes·, but aoae idea or 
the possible outcome over th1• frequency band waa aecured by 
operating a plunger 1mmed1atel1 outside the baa1n entrance. 
The comparative periodogra1111 obtained by th1a l'fle&na tor the 
ex1et1ne; harbour and aolut1on M3 (Fig. 183 (b) ) are ahown 
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in Fig. 216 - 11;. may ~.~ asen.1m9d that aAlution M5 will give a 
e1m1lar resylt t.o that ot' M3" wbiab d1tt'ered trom 1t merely 1n 
haying a sb?~t-;tt p1ar (950 f••tl. 

The l'lun~r method of testing 1s not •holly reliable, 
because eome of the osc11lat1ona 1t enforces. on t .he bas1n are 
not 1n ex1atenoe in the external breakwater-shore oac1llat1ng 
ayatsm. Neverthel•u1e, the 1nd1cat1one ot Fi·g. 216 are that 
the oac11lat1ons below 1.5 minutes 1n per1od1o1t,-, l!IO :rar from 
being reduOAtd, are 1no:reaaed, aa expected. 

151, Solut \WJ,t__gg' .l'imt.,,.gQ-1QuW..Ji!l.1lJ-i0Closyr_e_1J..&. 
The ~neral tailu" or . tr1al ... solut1on_s ot the_ 2B type 

might perhaps baT~ been ant1c1pated- from the eona1derat1ona of 
. Section 145 (l). 430). The harbour, it woald soem:, req_u1res 
more muzzlinB to d1.tfueo tbe ~nergy of the ground-awells. 
S1mple reduction ot the w1dtbs ot the ·ent~ncea will not be 
etteot1Te to any w0.rtnwh11e degree (p. 431), ao that the onl1 
rema1n1ng meana ot c:ntt1ng down o~ the i;,enetration ot energ 
1nto the bas1llll l!es in the adoption ot outer enclo11ure1, 
w1tb1n wb1ob tne ground-ewella can,. at least, be partially 
diaperaed. 

Her9 1t 1e as well to rea11ae t}lat the f!&re enveloping 
of tbe harbour 1n an outer b&s1n enclosure will not neeoasar1-
ly see the end of . the Ranpp troubl:ea. Unless .tbe enclosure 
1a well chose~ or csref'ully dea1e;ned aa to poe1t1on and shape 

1n relation to the ~neral topographical features ot the har­
bour and the bay, 1t can become an echo-cba11ber 'for certain 
frequencies or_ waves~ wbich by building up enerPJ throu@h 
resonance, may be oa~ble of 1nfluenc1ng the 1nner basin• as 
much as ever .. 'l'b1a wo1.1ld · aeet1 to b• the pr,.nc1pal reaec.,n tor 



the failure of' t!r. George Stewart 'e proposal for an outer 

baa in ( p. 379). 

The oacillatione w1th1n a basin of irregular shape 

are so complicated that 1t is generally impossible to predict 

in more than a very general way what 1ts behaviour will be, 

eapecially if that behaT1our is dependent also on the inter­

action of adJacent basins. It 1s here that model techn1quea, 

properly applied, are or auoh inestimable value. 

In Section 129 (pp. 378-383), we described aome or 
the experiments that led to the isolation of one form or 
outer basin that fulfilled all the requirements of a real 

solution to the Range troubles 1n '1be Duncan Basin. Fart.1ou­

lars or this outer enclosure are g1 Ten 1n Fig. 191. It cannot 

be cl.a1aed that this 1s necessarily the only arrangement that 

complies with the oond1t1one: it was the only one the author 

succeeded 1n d1acoTer1ng up to the time ot hie traneter from 

Cape Town at the end or 1946. It is almost certain that 

other alternatives can be devised, but 1t may be d1tt1cult 

to make them conform to the requirements we laid down in 

Section 145 (p. 430). The particular in wh1cb they are 

likely to de'Yiate moat readily will be as regard.a their ef­

fect upon the general regime of osc1llat1ons outside the 

harbour. 

The solution portrayed 1n F1g. 191 was baaed upon 

five principles (p. 380), which we believe to be both 

sound and desirable, and improvement, 1t seems, cannot be 

achieTed by any other means without aacr1t1c1ng at l$ast. 

one or more of thc;,ae features. 

It has been suggested th&t a solution or the type or 
F1g. 191, cona1dered first and toremost as a scheme or ex­

pansion for the harbour, would be 1nauff1c1ent to meet the 
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future needs of tHe port or ca~. Town, and that the outer en-
-· closure would have to be torn up ultimately to make room tor 

something larger. 

In the author'·e bumble opinion it would be prefe,rable at 

such a stage to consider extending the harbour on the northern 

side of the present breakwater, rather than to make further 

claims upon the spending beaches of the bay. Development to 

the north would -entail l s.y.t;ng down a new breakwater in fairly 

deep water and might create problems of access1b111ty from the 

landward aide, 'but it might be worth the extra expenae 1n the 

long run for the avoidance or troubles elsewhere. Only an ade­

quate programme of model experimentation to 1nYestigate all the 

aspects involved· could g1ve a full and final answer on this 

point . 

152. Solutions of TIP! 2A (Sl}.ock-Absorbing Protec~1on...!3f. 
• 

i_ntr~MW 
We turn to a con&J1derat1on of what can be done to m1t1-

gate the hazard of the currents through the entrances of the 

basins ( pp. 1~6. ,429). 

As these periodic current• cannot be eradicated by any 

ph7aical means (ct. p. 432), they must be tolerated either by 

tull reliance on the skill and knowledge of the pilots or by 

the use or dertces to cater for the odd oooa111on when judgemont. 

may ta11 or the luck run out. 

One obvious measure tor protecting ships from· the dan~:rei 

of ooll1s1on with fixed structures at the entrances would be 

the provision or · shock-absorb1ng fenders or dolphins at the ex­

tr.m1t1es ·or bull=noses or the entrances. The vertical sus­

pended :render referred to on . p • .438 would be ideal for this 
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153. Solutions ot Txpe 3B (Warning Ap:Q!ratus}. 

As an altemst1 Te to ahock-abaorb1ng fenders at the 
entrances, warning apparatus could. be developed to . ring a . 
bell automatically 1n the Port Capt'a1n's Of't1ce, so tbat 
pilots, about to take ships 1n or out or the harbour baaina, 
could be adv1aed by NLd1o-oommun1cat1on ot the precise moment 
at wb1eb 1t :would be safe to shepherd a large Teasel 1n or out 
ot a baa,in. 

Probably the best device ot this kind would be a oon­
t1nuoual1 recording current meter or the electrical t7pe re­
ferred to on pp. 71~·1a, placed on the eea .... bed 1n the centre 
or a bas 1n mout.h. By means or relaya tho reco:rd1ng appara­
tus could be made to em1t a1gnala wheneTer the currents 
reaehed dangerous proportions. 

Equally sat1sfactor:, as warning apparatus would be 

suitably placed t1de-ge.'1e;eil ot the Lea typo, already in uae 
at cape Town. Here the gradient of rise and fall of water on 
the mar1gram would be an 1nd1cat1on or the magnitude of the 

· current 1n the entrance during long-.period ee1ch• action. 

154, 'l'he Design or Harboum . 1n B1la;t1on to Rans,-Act1on. 
To conclude t .h11 work we may attempt to tocua the 

light rrom such of the racete ot this research as seem to 
be of importance to hax·bour designers. 

(l). · The harbours or the world that are moat 11kely to 
experience troubles in the form or Range action will be tho•• 
which lie on or near the track11,1n the 11ne or approach,or 
the great atmospheric d1eturbancee·, such ae the tr&Telling 
depreaa1one of the temperate zones and the cyclones ot the 
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equatorial regions, but more particularly those harbours which 
flank a wide expanse of ocean in tbeae refµons,where depth 

and openness favour the :propa~tion or long awellat. 

(2). The baye and inlets along the coastlines in thee• 

areas w1111nev1tably exhibit the phenomenon or se1cbes, the 
longer per1od1c1t1ea or which may even be dictated bJ the oa­
c1llat1ons of the ocean within some hidden basin or canyon of 
the deep. 

(3) • rr a bay conrorme, 1n any sense, to a simple geometri­

cal shape it.a natural periods or oso1llat1on can probably be 
eet11Jl&ted with fair accuraoy by mathematical means and some 
-idea obtained as to the location or the nodes ot the se1ohes. 

(4). Bays which are :ra1rl.:y opon will have a fundamental 
mode of' oae1llat1on in wh1ch the node wll.l be. tound to 11e at 
or near the mouth . Higher modes or oac1llat1on w1il all have 
a node at the mouth 1n add1t1on to other nodes whose distance 
apart will tend to 1eesen as the water eboala · toward8 the 
bead of the bay. 

(5). Bays which are open to · the aea through comp&rat1vely 
narrow entrance channels will probabl7 exh1b1t, 1n addition to 
the modes ot osc111at1on mentioned, other modes character1st1c 
of rully eneloaed basins or their partieular shapes. The node 
ot the fundamental se1che 1n a case or this k1nd will tend to 
·11e near the middle of the lagoon. 

(6). In the absenoe of a model study, the beat means or 
locating a harbour w1th1n a bay which i _a subject to se1ches, 
1s by graphical determination or the ex~ns1on-fronta of. 1n­
o1dent and reflected we.Yes. By following the procedure of 
Section 93t (p. 268), the approximate character1st1ca of t~e 
se1cbes can be determined. 

• 
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(1). The graphical method w111 be found l)Qrt1cularly 
valuable :ror or1ent1ng s&defenc·e works and for rap1d es­
timation or the 11kely repercuse1ons that m1ght der1Te trom 
any one aoheme. 

(8). In general, (other tactora permitting), 1t will 
probably be found desirable, tor the avo1dance of •er1oue 
Range-aot1on, to locate the harbour near the mouth ot an 
open bay or near the middle or a semi-enclosed bay. BJ so 
doing the harbour works will not aer1ously interfere with 
the natural regime or the bay and will 11• 1n a zone where 
nodal 11nea are farthest apart. Ii" the harbour 1• placed 
at the head or the bay where the nodal 11nea of the many 
poae1ble ae1chee tend to be concentrated, not only will it 
be subject to the worst etteota of·the loop..ende of all the 
ae1cbee, but 1t will tend to 1ntertere with the natural order 
and· will almost 1neT1tably create a smaller echo-chamber with­
in wb1ch some of the seichos or the bay w111 resonate. 

(9). It a harbour near the head ot the bay 1e unavoidable, 
great care should be exero1aed 1n the location of the break~ 
water lest the bight .it creates should permit resonance ot 
one ot the 1e1chea of the baJ • 

. (10). It 1s desirable to -ensure that the dimensions of 
the dooke 1n the_ harbour are. not such as to yield natural 
periods or osc1llat1on wb1ch correspond with any of the ex­
ternal se1cbes. Thie may be d1tf1cult. 1n a harbour near the 
bead or a baJ .. owing to the numerou11 high-frequency aeicbes 
which ma1 be engendered purely through the harbour creating 
a quaa1-bas1n in that corner or the bay. 

(11). As tar as possible the length-breadth d1menaiona 
or harbour basins should be 1ncommen11urable. D1mene1on• 



wb1oh are integral multiples of each other are likely to 

tawur tbe O.ewlopment Qt aeiohes. 

· ( 12) • It is the higher . frequency aeichea of the order ot, 

eay, 2 a1nut•• period and le•e that ebould reoe1Ye partiaular 

attention. '.rheRft &N t.be oeo1llatlons tbat are likely to td,.w 

trouble w1tb ah1~1~g. 

(1:,). Perhaps the moat eft1o1ent ••n• of ei1t11ng tbe 

effects of Range·..;.aotlon ot tbe· b1gher trequeno7 type ta by 

creation of a ob&1n .-yatem· ot bae1na, the outer ones ot which 

act as chokes to:r absorbing the energr of tbe ,cround-•welle. 

(14). ·Xod•l a\ud1ea or ,.,.....,~ac~ion should preferably be 

conducted on mod~l.a f(lr wh1c.,h the d\stort1on,, or difference 

in the hortzont~l and Tert1cal a~ales. 1a nil or Qf aa small 

an order aa possible. 
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