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Review of Rec on t St u d ios i n Oc e an "ilaves

D. G. MacGregor

A r e v i ew of recent s t ud i e s i n wave proh l erns of t he oc e an

was under t a ke n fo r t h e fo l low ing r eason s :

(a ) t o become f ami liar vrith moder-n r-e s e ar-ch in wav o prob lems

of t h e oceans ,

(b ) to summa r i z e the r e sults of r e s e ar ch e s t o date , as a

ne cossa ry '1a ck r,r oun d fo r f u t u r e effo r ts in this fie ld , and

(c) t o f orrnul flte r-ocommen da t i on s on what mi gh t b e a t tempted i n

Sourc e s ofI, i t e r nt u r o

A f Amil iarity with t ho pr-ob Leme of phy s ic al oc ea no g r a;>h y

wi t h emphasis on ,'Iavo ph en omena was so ur,ht throu gh r e a d in g And s t udy

(a ) St Andard t e x t s i n oc eanonr-aphy ,

(b) J ou r nals an d tran s a c t i on s of the l e arne d societie s .

Summarie s and commen t s on some of the mor e important pa pe r s

on oc ean wav es ar e ap pended to t h is report .

Four aspects of wave study ' lith ' /hich those papers de a l are :-

(a) Oce an Wave s and Swel l

(b)

(c )

(d) Ti da l Ph enomena

Some g en er a l co mmen t s fol lo"1 to i nd i c a t e where these

hranches of oce an rrnve phenomena off e r o;>por t un i t y fo r profi t able

stud y i n At lant ic wat ers.



Oc e An Vla v e s a n n Sv",ll

Ocean WAve phe n omena p r es en t SOl:1e at t rac tive pr-ob Lems fo r

study . The t h e ory of wave mo t Lon s i n f l uids had h e e n ex t ensiv e l y

d ev e loperl b y nineteenth c entur y mat he ma t Ic i nne but th i s was c on f i n e d

chiefl y t o t he vmy i n which wa ve s in i dea l flu i d s sh ou l rl be ho ve. Due

t o t h e rliff icu l t y of ob ta i n i ng da t s , t h e r e exis ted a g a p be twe en t h e

mathemAti c a l ly fo rr.mlntod de sc rip t i on of i d e a l waves a nd t h e rle s c r i p -

tion of WAve s AS thoy a r-e in t h e OCOAn.

War - t ime s nu df e s of wave s , a i med a t tho prerl ic t io n of se a

su rface r ou r,h n e s s and t h o relati on of swe l l to d I s t a n t stor ms , h a ve

cl o s e d thi s ea p somew h a t , Wind v oloci ty , wa ve heigh t, period,

v e l oci ty An n fe tch ha v e b ee n investig a t e d f or i nterrela tions; a lso

the r ate s of g r owt h and de ca y of V/Rves have h e en s tu d f a d , Th ere re-

mAi ns a need of mor-e da t a and some As p e c t s of t ho phenome n a a r e n ot

c ompletely understood.

po ints, includ ing t h e Sou th At lA n t i c. Such ohs e r-vn t t ons wou l d

supple men t t h e da ba ob t ained by Br i tish a rid Amer-Lc nn ob s e r-va t t ons ,

Res ea rch in th i s f i e l d v'ou l d involve fi rs t t h e de sign a n d

con s truc t i on of VlA VO r-c cor-df. nr; nn d a na l y s i ng a ppn r-a tiu s , Some de -

t oi l ed study of t h i s Via s made , es p e c i a l l y of t h e a ppa ra t u s d e s c r i be d

b y llun k , 1r,l e s i o s lin d Fo Laori , Th i s i s a n Ass em'>l y of c yl ind" r s a n d

c a p i l lA ry tu':>es tih r-ou r-h Y1h' .c ; , d r lin d o il PIISS, so g i v i ng the

equival e n t acti on of an el ec t r !c f il t er c ircu i t . Wlly s of simpl ify­

i ngth i s np paratus on d i t s r " rlos i gn f or s en s i t i v i t y i n t h e p e r i od



range of five s eco n d s t o fiveJ:linu t e s wer e considered.

period rang e would then includ e 'l oth th e peri od s of ocean s we l l

an d of th e Lon ger- pe r iod non- t i dal osci l lations such as the

s eich e s which have heen ob served i n Sa int John Hnr'l our nn d whi ch

nigh t wel l exist in Pa s s a ma quo dd y Bay or Bras d'Or Lakes .

The r e r-oma Lns som e doub t of the f e a s i h il i t y of mag n e t i c ta pe

r ec or di ng fo r this purpose. It is h oped t o an s we r this, at l e a st in

part, durinr,th e comin g wi nter .

I n t " r n a l ' /a v As

Existence of W!lves a t the i n terface of tw o f lui ds of d i f f e r e n t

de ns ities h AS l on g heen known , Ben Franklin h a d comment ed on some

Aspect of t h i s phonomenon , an d a hun dred ye nr-s R eO S t ok e s had

ca l culnted t he velo c i t y of su ch a v/FIve train . Only recently, h owever,

h a v e oh s er-va t Lon s of such waves i n th e ocenn 'lecome possih le with

th e development of t he 'l a thythermograph and th e Sa l in i ty-T emperntu re-

Depth r e corder . Var i ous i nvest igator s have r epo rted ohserva tions

of i n t pr nnl wav e s in the ocenns of pe r-Lod s ap proaching tidal pe riod s .

More r ecently , Lrrt e r-na L WRve s of Mu ch shorter pe riods (in the range

t e n minute s to tw o hours ) h a v e h ee n oh s er-v e d ,

Fa Ll, a r e mos t pr-o mf.s Lng wa ters i n wh i ch one Mif,h t l oo k for this

ph encnenon , The h i r-h dep,r e e of stratificati on wou l d f av our thei r

p ositive detection snrt mi f ht pe rMit th!' ep pli ca t i on of the s Ln p Le

h:o- layer theo ry of Stokes r-s a f e l l' ap p roxiMation. Some dat a n ow

a t h an d for the An t icosti r e f, i on of t he Gulf of St . Lawr e n ce do e s

Lnd t c at.e t h e occur-r-ence of i n t ernnl WA v es of suffici ent amplitude



to co n s t i t ute an important "fe atu r e in the h ydrop,r a ph y of t he area.

A study of ha nd s li c ks hy EViing su gg ests that t h e s e may

somet i mes be caused by interna l vlave s. Thu s the hand slicks wh i c h

oc c u r in t he t idal c urrents of Pa s s a maquo dd y Bay invite inves tiga-

t Lon , Lon g t i me- l a p se p ictures 'l i t h a motion-picture camera,

p e r h a p s one frame pe r second, "ould indica t e thA chang In g patter n

of t h e s l icks. Si multen Aous h a thythermograph or l' olini ty-

Temp era tur A-De p th recorder ohser vet ion s sh oul d Ai d in thei r i nte r -

pre tation.

BAv of Fundv Tidal Ph en omen a

Th e generally a ccepted exp l a na tion of the extremely high

tid es of the Bay of Fun dy i s that standing VlA VAS exist be ca us e the

n atural pe r i od of a b ody of vlater of its dimensions coincide Vli t h

the tidal period. Th i s h y pothes is might h e verified h y the s tep-

Vlise method of c nLcuk n t Lon which Def an t has appLd e d to GArda La ke

a nd the Ad1'i a tic S ea. In "The Oc e ans " (Sv e r dr u p et a l , 1 94 2 pg .

562 ) one r-e ad s "An exac t eo mputa t i on of t h e f ree osci l lations of

t he Bay of Fun dy h a s n o t been undertnken, hut Acco rding to r ou gh

estinates this period l i e s ':>etVleen 13 en d 11 . 6 hours (De f a n t ,

Geze itenprobleme des Mee r es i n La n dn ah e , Pr ohleme de l' ko smi s ch en

Physik, VI Hambur-g 1 925)" .

ThA profile a nd ve locity of th o Bore on bh e Pe t i codia c

River is someth i ng that mig ht Vlel l be oh s erved and studi ed usi ng

i nst r uments no w availnh le - the novinp,-picture came ra and e ch o­

sounrlin e equi pmen t . G. R. Deacon 1'e f " r s to "e ch o- s ou n d i ng Vlave -



rec or d e r s vlhich stan d on t h e sea bo t to m po intinr. up wnr-d s , r e -

corrling acho-prot'i l .. s of th .. sur-r'r-c e ••• ••• 'I 'wo types ar .. now

a VP.i l R':>le , A " 'l"I!1p,ne n t stat i on typ e mad e >,y the Anti-Su>'ma rin e

Es t ab l i shmen t , an d a sem i -por tab l ., type rnade >,y thp Admira l t y

These pr oblems L e . (a ) t h e J'unrl amerrt nL s t udy of c c ean wAve~

and swel l, (b ) the study of interna l wave s i n At l an tic wa ters,

(c) the Lnve s t.Lga t.Lon of >,and s l i c ks a rid th" a s a oc t a t ed Vlate r

structur e in Pa s s a maquo ddy BAy pnd (d ) the prof i le nnd speed of

the Bor e i n the Pe t Lco dLa c , cou ld he prof i tably Lnve s t.L ga t ed And

Are nppr-cpr-La t,e to At LnrrtLc oc ea nog ra ph y .

As 1\ h e r, i nn i n r, th .. f'o Ll. owi.ng r-e comrnenda t Lon s are put f'o r wnr-d r -

(a) thRt furthe r s tudy b e g i v en to the poss ihility of co ns t ruc t i ng

wave re c or ding anrl an aLys Lng eq u i pmen t, particulRrly wi t h r e ­

ga r-d to magnetic tppe r e c ording at s L ow speeds .

(b) that Ln t e r-n a L WRve s on t h e Sco t i a n Sh alf or in t he Gulf of

St . La wr-ence be investigated wh en the thermocl ine is fully

developed i n l ate Summer . Initial obae r-va t Lons cou l d be

made over a pe r-Led of forty-eight ho urs a t a n anc ho r station .

(c) that a n i nv e s t iga t i on of slicks in Pa s s amaqu o ddy Ba y b e mad e

corib Ln Lng time- 1 Rps e mot io n pi ctures of the cha nging pa t t e r n

wi t h s I mul t.nne ous ba thybher-nogr-nph a n rl/ or "S al i n ity -T emp era-

t u r-e - De p th" Re cor-d er- r eadings.

(d ) t.hat i nfo r mation b e so ug ht on t he ch aracterist i c s of the



echo-soundinr, wave-r ecorder, especially the s emi-portable

type mad e in t h e Adr.Jiralty Re s ea r-ch Lab or atory and tha t the

use or on e b e r-eque s t ed ,

(e ) t ha t ohs"rvations he made on the prof il e pnd velocity of t h e

Bor e on t h e Pe t i co d i a c Riv"r using mo t fori- p Lc tur-e r ec ord ing

of a s t aff ga ug e to g" th er v!i t h the echo-soundi ng wav e- r ec or d er

r ef e r r " d t o i n (d ).



Summar-Les Ana Comments on so me of t he more Lmpor-tan t paper s

SummAry of VIAV", propert ies. Mens urea pre s s ur e electrical ly a t

depth. A desc r iption in more de t ail is in Barber And Urse l l' s

paper . 1.1 00 us ed echo sounding de vi ce in r everse less ef f e c t i ve -

ly. Two mode ls of l ntter for this pu rpose nov availAble;

pe rmnnent stat ion type made by An t i - Su>ma r i ne Es ta hli s hmen t

and a seMi -portab le type hy the Admiralty Research Lab or a t ory .

Gen t'r a l descripti on o f th", \'!av " Analyser And relati on of the

r ..cora to th", s tor-n situa tion. R..f",rs to int en t i on of Analysis

at the s t o r m areA ( t h i s to he nt tem p t ed i n mi d At l an ti c en d

Corn""ll). An Lna t r-umen f i s requ ired t o mea sur- .. d i re c t i on of

sViell. Pr e l i r.li n Ar y e xp e r-Lrien tia promis e pos s ib ility of us eful

Lnf'or- mat i.on on v ave period s >,y frequency ana l ysi s of the

pitching of " t ral/ler .

tig:~~~P1ti~~ ) ~~~ ~~~ks~~;'~i . Er.I~~~~~:ll.;~~. rg:~~~;;~a?in~~~Rg~ns

Effectively a condensation of Hya ro f,r aphic Offi ce Pub , 6 01 Wind,

Se a and S\'iCll , Theory of Fo r ..c~ s t inc b~- s orae su t b or-s ,

~;~~~0~;~~qTr~~k~~:5~t(~~~7) ~ }'orer:,mn "Fn of S" ..l1. JOMr . of

Des cri p t J.on of und er-wat. e r- uni t an r: an a lyser. Be l Lows actuate s

po t.e n t Lone t e r- con tnc t , Slm' Le a lr f ilters out lon , perio ds ;

p os i t ion a t dep t h fll t "rs ou t 1;\" . s bor t per i od os ci l lation s.

Current VAriations r e cor <''' (! photo'f'a phically. Th is r ec or d , of



varyinr, width, i s passed a t vary ing speed hy a pho t o-

electric scanner Vlhich i n t urn , provides a cu r r en t

through a vibration galvanometer with a sharp resonance

characteristic, so g i v i nr. a f requ"ncy spectrum record

of t h e waves present.

Th e pe r iod of the vmves received f r om a dis tan t storm

gr adUAl l y dec reases , AS t he first wnve s received are thos e

whi ch t r-ave L most rApidly. I t i s shown that the time of

t rnve l t is t ~ T wh e r e T is the period.

Al so t h e distance-~s x =~*')

Graphical me thod of ca lculating by plotting the decreas i ng

wave period with time permits location of the storm ce n t r e

Summary of theory of ""ves f rom a l oc a l ized source of s hor t

duration. WAve recorder , a n inductive type hydro pho n e

(Ameri ca n power-ph on e) on s p-n-hottom at 11 0 r t , connect ed

to a recordinr, f luxmeter . L" t er fo rm, elastic metn l h e l l ows

converting its defl!'lction intoresistancechnnge ina bri dg e

circuit. Preferred A pre s sure in cUc"tor to the inverted

ec ho so und er, beine n or-.. ~nn lly recorded, also pressure

changes are more ne nrly sinusoidal and so preferab le for

h"rmonicAnalysis.

Three s t or-ms ar~ an aLy s ed nnd r-esu'l t.s discussed. Ev i dence

note d of th" "ffec t of tidal cu r-r-..nts in modu lating incomi ng



Appendd c es on pr-es sur-e on se a b ed , frequency

analysis. length a nd s pa c i ng of re cords and ef f ec t of depth

Munk W.H . Iglesias H.V. a nd Folsom T.R. An In strument f o r Recording
~guencyoceanViaves . Rev . Scientific Instruments 1 9: 654 -658

An Lna t rumen t to mea s ure low amplitude wa ve p e r i o d s b etw" "n

oc e an s"ell and tide s . Ma x i l!lum sensi ti vity at 15 I!li nu t e

p eriod " i t h goo d response in the r-an g e 2 minutes t o 2 hours .

VerticRl standpipe 5 " die.meter wi t h Lower- en d 15' below m.s. l.

and fille d with refined petroleum. The o i l enters a long

pipe Lns Lde th" s t.an dp i p e through a capill a r y . The upper

end of this pip" i s conne c t ed to a r-e s er- vc f r- which i n turn,

is in a e r-Le s "ith s e v e r-s L v.,rtical air cy l i n d " rs with o i l at

th., '>ottom an d j oined by capillaries through whi ch oil ps s s e a ,

Capillary a i r- leaks to the atmosphere are p La c ed i n e a ch

cylinder . The whol" i s equLva Lent to an e l ectrica l c apaci­

t ance-resistance f i l t .,r. The final s tage a ctua t e s an

electr ic straim ga ug e which records p ressu re on a Lee ds and

Ilor thrup mi c roma x recorder .

The Lns t r-umerrt WR' ch e c k ed fo r r-es pon s e agains t know n

ti da l d a ta. ng n inst a w"lldefined s".,ll . a n d a gain stcon-

t r-o'l Led pr-e s sur- e ch an ge s of a sq u a r-e V/aVe fo rm. Good a gr-e e -

men t wi t h calculat ed r ns ponse from the d e s i gn pa ram e t e r s.

R.. c ords re v e a l n c ompl ex s y s t em of v/aves covering the

who l e I' r-equen c y r a n f," of th~ Lns t.r-umerrt , I t is p r-opo s ed to

analys e r-ecor-ds b y us e of ma gri e tLc tap " r ecorder run at v"ry



s Low s pe ed and then to play back a t g r e a t ly i n crea s e d

speed ( x 105) to a wave a na l y s e r.

Seiwell H.R. Results of Research on Surface Wa ve s of t he We s t e r n N.
At lan tic Paper s in Phy s i c a l Oceanography an d Me t eo ro logy Vol. X No. 4
(1 94S) 56 pg s .

Inve s t.f ga t Lon of bo ttom pr e ss u r e fl u c t u a ti on s and su r fa c e

Re s ul t s of sea su r fa c e ro ug hness de t e rmi na t io ns at Vlood s Hol e

an d Bermu da . Comparison of pr-e s s ur-e records wi t h s e a sur-

face (h eight re c or d ph o t og ra ph i c a lly against anchor ed b uoy ) .

Pe r i onoc r Rms g i ven for sea surface data and a l s o h armonic

ana lysis by nr-Lthme t Lc , Pr essure data per-L odogr-ama hy a

mech anical analy ser . Pr opor t i on al i t y factor dedu c e d t o g i v e

wav e h e ight f r om pr essu r e at dep t h .

S t atis tics on mon t h l y sea su rface r-oughn e s s , Obs e rve d in ­

c r e ased Y/Bve height H wi t h lower periods . T . Growth and

de c ay r-at.e s a l mos t equ al .

dH/ dt = - 0 .4 2 dT/nt for Cutty Hunk , an d f ac to r 0 . 255

fo r Be rmuda . Def in e s ooe r a t i ona l wav " h eight as mean of

h ighest one v t h i r-d of wave s , c ons Lder-Lng t his a con ve nie n t

and significan t meas ure . This i s 1 . 57 mea n wave h eight.

Tnc Lude s sumn ar Les of s ea s t a t "s by month s g i v i ng per cent

of time waves are i n a Giv en range, a lso l e s s t ha n a g i v en

r-an ge , a l l pr-e s en t e d g r a ph i ce l ly .



~~~~~mG;~=hya:ut~~~~f~~~ ~~~~~~~eh~~; ): o Oaclllatin6 Wavea. Tr ana .

Bxp er-Lmen t s i n t ank indica te wave he Lgh t e abou t 10 % g r e a t e r

bh nn hy theore tica l ca l cu la t io n f rom pre s s u re meas u reme nt a

a t t an k "o t t om. Pr e s su r e s meas u r ed by pr e e su r-e p ick-u p uni t

op era t ing with a n impedanc e bri de e a n d r ec or ding o s c I LLogr-ap h ,

In it, a met a L diaph ram move s a p erm e ab le s l u g l o ca t ed on t he

a xi s of a coil, s o all'er i ng the induct an ce of t he co i l. Wa ve

h e Lgh t s mea su r-e d by a po i n t gauge - t wo e Le c t r-o d e s Lmme r s e d

i n the water an d s u pp l ied wi t h D.C ., so th "t the curre n t ia

prop ort ional t o the dep t h of i mmers i on.

Kl e bb a A.A . Detaila of Shore-"aaed V/aveRecorderan d Ocean WeveAn alyae,

~fscienc e a 5l: 533-544(194 9) . c onf e renc e on oc ean

Diaplacement of b e l low a mov e s coil in a stron g magnet ic fie ld.

Rec or-d In g I'Lu xme t er- g i v e s d i a pl a c eme n t . Paper a t r i p record,

pa r t b lack, pert wh Lt e by pho t og r a phy. Re c or d s t r i p ia p l aced

on r im of heavy wh eel r otat ing with d e c e'l er-a t t on , 1 25 cy clea/

se c tuned amp l i f ier r-espon e e g Lve s f re qu en cy " n" lyaia.

~G.E . R . w"ve s and SVle ll Qu" r . JOur . Roy . Me t . s o c .75 : 227-238

Symon a Memoria l Le c t u r e ou t lin i ng r ece n t pr-o gr-e s a i n s t ud y of

surfac e wave s , Refers t o ev idence of s peed r ed uction wh e n

awell travel s thr oug h r-eg Lons of s t r ong wi nde - r ed uc tion by

a s much a s 20 %, even in r e" i on e of f ollowin g wi n de. Qu ea tion-

i n g s i gnif i c a n ce of froqu ency em lly. i a by Seiw"ll a nd Wadawo r t h

1a r efer r e d t o . En f' Lu e ric e of t i dal a t r-e ame on ewe l l fre qu ency

ob s er-v e t Lon e , Corre l a t ion of mdc r-o s e i s ms e n d ewe l l f'o r-er-u nne r-s ,



Donn Vi.M . Stuelies of ' lav es a ndSwell i n the rles t"r n Nor t h At l a n t i c
Iran s . ArneI' . Geophys. Union 30 : 507 -516 (1 949) .

SVlel l off western Cap e Cod f all s i n two r,ro u p s - s ho rt 5. 5 sec

t o 11 se c vrh Lch i s co r related with s outhe r ly v/inds - an d a

l on g e r r e r i od r,r ou p of more d i s t en t orir, i n . Some g en e r e L

concl u s io ns on r elptions h etV/e e n s t o rm posit i on s And swe l l Are

"iven, "a s ed pI · incip.ally on th" Sverdrup end I,Junk f or e c asting

~~A~~~~~~rf,ne~~i~;ec~~i ~ oi ~~~~~~~r (i~~c t o Ileter Pr e s su r e . Oce ano -

Pr e s sure n:>pl'-od t o a d Laph r-am with s ti f f ro s t or i nr, s p ring.

r"ov " men t me.l," " a change in a mutus L i neluc ta nce which mo du lates

r . f . o s c Ll.L a t.Lon , An osc i l la t or, ampl if i"r, A s t nndn r-d Lz Lng

un i t , pe n -c-e co r-d er- with s tep ely " r iv" mak e u p t.he sys tem.

~_~~:!1t of Ocean 'llaves.Trans . Amer .GeOphys.union

(Jryserva tions ,~e",ons tr" t e t he ore tic e l M"f,n itu de of t he pres su r "

d P at ele pt h z , dP
o

a t

Shore r ecorde rs are d La cu a se d , two rio dol.e (ll v'i t h he l loVls

r c bu a t ed po t e n t i ome t e r, (2) a t.her- mop i l e type of compoc t a n d

i n ox p e n s i v e design in wh ich t~e t emper-atu r-o va r i a t io n with

the Rdiah a tic changes i n side he l lows is the b a s Lc f e nt ure; (3 )

for use in eleep wa t e r- c s pa r b uoy with n l arg e damping d i s c a t

elep t h aupp or-t. Ln g " pr''' ,"su r " r oco r-de r- At a n in termcel l ate de p t h .

A.n echo so u nrl i ng elevice w" ,. nL oo used, wi t h t he spar b uo y and

di 8c to h old ah'-olute position. Some d i s c u s s i on of t he vi r t u a l



ma e s of the buoy and dd s c .y.tem and it. Motion.

~l~d"~i ~g~~ ~i~~ . Mf~:~~~MA~~r~fG~~;hy~~iO~I~nbY30~a58l_

Attempt to U.A open end p i p e vli t h flo a t r-ec or-der- t o ma a sur- e wave

h e Lgh t s , The MAin pro':>lem vIa . r-eeon ance which VI8. prono unc ed -Ln

t h tl r ange ona t o s i x sec cnd a i n the ar ra ngemen t u s ed , Sh own

t h at with the I'r-equ en c Les pr-e s errt i n ocean wa ve s , it wou l d be

diff i cult i f not Lmpo•• LbLe to nn nLy s e wav e. hy thi. met hod.

(Ma gn if i c At ion factor. of the order of t en wi t h a r ra ng emen t .

d ea cr- Lb e d , }

t :un k VI.H . Surf Bea t. TraM . AMer . Gaophp. Union 30 : 849-854 (1 949 )

In the pr-ea en c e of high wi nd wav e s , r egu l a r os c H La td ons ob s e r-ve d

on t.unami recorde r of ae ve r-n'l minute. pe r i od. Data i n te r p re t e d

t o a c coun t fo r th e s Low period due t o variability in the pe r i od

an d h eir,ht of th e incoming wave . . Volume of sho r-ewa r-d t r-a ns -

portat i on ':>:, each "raaking wave i . p ro portiona l to t he b re ak e r

he ight, r e . ul i n r, in ri.o du r ing an in te r va l of larger than

ave r-age V/fives , The long period a f fect i ••hovm t o be rela ted

t o a n ex p re s s io n whi ch the au t ho r develop . an d whi ch h e t erm.

the " i n t e r gra t e d . wel l r a cor d " .

A ge n eral ized harmonic ana ly. i . 10 app lied t o ocean wave ob s er-v­

a tion s , Vlave patte r n. a r e a s eumed gene r a t e d by . y. t emat i c wi nd

ac tion t oge ther with random effoct. due t o r andom mot i on. of

wA.t e r An d intermi tten t wind. Author. co n cl u de (a ) t ha t the

ua ua L pe r i odogram ana Lys e s LndI ca t.Lng h and. of period . do n ot



necessarily pc s s e s s phy a Lc a L sign ifican ce, (b ) th at !,cn crnlizcd

h llIT.lonic anaLy s Ls Lnddca t es a s LngLe sinusoidal wav e on wh I ch

is i mpos od an oscillatory compone n t . This pr oc e du r e is applied

to a t ypical WDVA r eco r-d ,

Ref or s t o Se i Viell an d ·,';a ds "llc r t h ab ov e , Ohj ection t o t h e

a ssun p t i on that 8\7el l co mpon ent co n s i st s of j u s t on e s i ne wave .

So i vie l l H.R. (Letter in r eply t o a,>ove ) Sc i e nc e 111; 446 (1 )':;0).

L~A. lntnlnn f,one r Jll h a r-n on dc [i n q,ly s i ~ pr-o v Lde s mere Lnf'or-ma t Lon ,

Pr-omdaes an enr-Ly pape r i n Sc i enc e ah ou t th i!ilo

i~~~s~ 'X~l' r:n§~~~~;s :nu~~~~cg8~\~~~2~7tr(~~~~ j~e ove r Ln" p" Oi s tRnc e s

Mun k W.H. Note on Period Increcs e of \/a ves

~~;~pp~: ¥~;~~oa~~~~~~u;~~~ o~6~r.le(i94~Y~ 41 -45 (1 94 9 ) .

The socond pa pe r appe s r-s t o withrlraw a nd correct conclusions

of th e f i rst. Ac ce pts the Sve r-dr-up exp lanat ion t hat the

observed i ncreas e a ppl i es t o " s l {ln i f i c an t Vl!wes " an d involving

selective ah s or p t i on of t h e sho r t e r wav e s .

/'ttrihute s ohs erved pe r iod i nc rea s e with clistance from dis­

turbance t o s elective absorpt ion clu e to air r e s i stan c e whi ch

affects the shorter per iod componen t s in a greate; deg r-e e ,

Gro en P. an cl Oorrestein R. Ocea n S.,,,ll · Its de c a Y And :>e ri od
I n c r e a s e NAture 165: 4 45-446 (1950 ) .

Oecay an d period lengthening i n vo l ves eddy viscosity aa a

fActor of importance . Comrren t s on the assumption of Sverdrup



And /.lunk t ha t tho ~helt eI' 1nc ooe f fio1en t 1" th o sa me fo r

1. Surnmary of equ a t 10n " on wAvo vel oo i t y , ono rgyr,a 1np,nd

din" i pa tion,por10d, pprt i oleorh it",group ve loc i t ye t c.

2 . Ene rg y t r-an s f' nr- (a ) " y n o rma L pr-e s eur-o (b) '>y t nngen t LaI

"tre"" . !.u t h or " mainta i n J effrey'" e xpLnn a t I on of energy

trAn"f e r by nor-n nl, pr-e s s u r-e i ~ ndequote on ly fo r i n i t i a l

"toGe " of r,rowth of wavo s nn d thAt "roV/t h AI~o t nk e s pln c e

" y Action of t an gen t 1a l s t r-os s , I t ill then shown t h n t V1 ave ~

CAn con t inue to f; r", . ' After wpve veloc i t y exce"d" wind

ve l oc i t y (in agre"ment wi t h ob e e r-vn t Lorre , au t.h o r-s ~tate ) .

Thopnr amot er 4 = e/uwAve ve loc i ty/wi ndveloci t y , sho wn

to h e a "ign i fi c An t f Actor i n Via ve ph enomen a A" Il mea s u r-e of

th e nge of a !!!!.Y£. hu t h or " oo no l u de vi"co"ity i " n neg l i ­

gib le factor i n the df s e Lpa t.Lon of VUlve energy excep t f o r vary

"mAl l va luo" of WAVe ag e,,-d.

3 . Si l'n ifi c Ant v/Ilvo" d ef ln e d ,' " +.ho Averp r,e of theone - t h i r d

h Lghe s t , Anoth er norr -d Lmene i.ona I WAve pa r-amet.er-, J t he

Vlave e t.eepnoe s = Il/ L . Auth or" f in.! thp t d i " u~ efully

exp r-es s e d All A I'unc t Lon 01'4 , thA vnv e age . V/1t h Ln e r e a s e

of Ace, dr'lRCh" " Ar:",x1m UI!10'A,>outO. I Oat4= o . 4an d

t h en d1m1n1 nh e" r Ap i dl y f ur oLde r- "avo ~ . DatA from many

\'/AVO he 1Fht ~ And " ave vol oc ity r r » exp r-e s e ed A" non -cd tmen s Lcne L

pnr-nme t er-s (n) gR/ T? (b) e / U ( ) f e t ch g F/ u2 a nd (d ) wi nd



,lqr!l tion n' r,t / U. (a ) !In '] (h ) nrc ' Lo t t ed in tu rn "b " i n" t

th A f e t ch p"r"neter (c) pml the wLnd du r-a t Lon pa r-arne t e r- (d)

u"iny, d nt n I' r-om n va riety of s ou r-c e e , The~ e pLo t s pre di "-

cus s ed " y the Rut hor" lit "OMe l en gth .

4. Energy c one t der- a t Lona ar-e u a e d t o de du ce II r-e l.a t t on f or the

r ntio of t h o peri o d lltth c en <\ofthe declly di "t" nceD,to

t h llt a t t he en d of t ho f'e t.c h , Al " o fo r t h o t r n vel time in

the de cn y i n y, ph a ", , " " a f un c tionof' t h. per i od rat ioo tc .

Dec ay in heigh t Ls nird l llr l y c x pr-e s e e d , Tho r-a t Los Td/T
f'

lid/ill"td/Tf,
IIre Pl o t tedaf,ni ,," t * Whe rODi" the

d Le tianc e 01' de c a y , Td a nd Tf the wave per-Lode r-e ap e c t Iv e Ly

n t the end of t he decllY din t an c e nn d lit tih e e nd of th e fet ch,

lid a n d 111' wav e height" , lind t
d

trav e l t tme ,

5 . 1'h e Ad",l r Al t y r ul o ""/I' VII" l o ne r ou r,h ly on o-third of t h e i r

he Lgh t; in travel l lne " d t s t ance i n mi le " equ a L t o th eir length

in fe ot" i" s h own t o '>e in a ppr-ox f mn t e Al'reAment wi t h t h e

Pl ott i n g of Hd/Hf a':lov e vrlth ~ .

6. Some d Ls c us e Lon e of t ho p r-ob Leri of inc r e" ninr, wa v e pe r-Lo d in

thA r eg i on ofde cay- "oe pa p e r " of 3 ve rd r upandlt.un k.

g~i~~d2~ ; ' 17 9_~~te(~~~71~ve n i n tho Ocelln . Trll n n . Am",' . Geophy" .

Oh"erv"tion" of i nternal WRVA" of p e riod one to t wo h ou r" an d

h eight" up to one hundred f e et, ,,1 " 0 YIIIVe" of t en min u te

period up t o twe nty f " e t. Da t a f r om ,>on t t r-av e Ll. Lng 13 kn o t "

wi t h .'>n t h y t h e r rlor,r nph n ev e r-y f our to five mi nute" . A" "ume "

t.Lme f r om c r-e e t t o cr-os t no t much differen t f rom t he pe r io d .



Anothe r a e t; of data from" drift ing ~hip with hathythermo-

g ra ph . "t interval. from h" l f an h ou r to t TlO mi nute a , Thi.

~hoVl' time va r iation of t he depth a t whi ch the temperature

i. a co ns t.an t va l ue . Ti me be t wee n c r-os t s and amplitude were

r ead hy Lns pe c t Lon , (Da t a VIR. no t an a Lys od for pe riod

detection). Next ob e er-vst I one r epo rte d , give r-t s e lind fall

of R submnr-Lne b a'l anc ed at the thermoclin e ; period 15 min .

wa ve height. about 12 fee t. _ A thi rd met hod in vo lves r apid

r-espcnse electric thermomete-r. Rt f i xe d depth , us Ing a s par­

buoy or anchoring to bottom and Viit h a s ubmer-ge d buoy. Re-

sponse of three such thermome ters showed waves of from 5 mi n.

to 15 min. period.

C.W. Uf fo rd I n t ernRl Wa ves meas ured a t thr e e St at i on s Tr "ns . Amer .
Geop h ys . Uni on 28 : 87- 95 (1 950). .

Ba thythermogrRphs every tw o mi nute s f rom s tation s at the b ow,

Vlai~t and stern of ship provided data givinp; regular 08c i 11a-

tion of period 8 min. lastinr, fifty minutes. Ph a s e difference s

Other experiments Tlith hathythermop;raphs from three ships

positioned at angles of a t.r-Lang Le , Again, three thermocoup les

placed in thermocline at points appr-ox , 1000 ft . apart in

triangle. Period of order 30 min . v/i th thermocline moving

~8~ ' 9~:i~~d ( P;;:~E of Internal Waves. Trans. Amer. Geophys. Union

Author extends theory developed by Stokes for two l ayers of

constant density separated by a discontinuity, to the case



of three linear g ra d ien ts. Mees u red And the or etical va l ue s

compared to s how some ag reement, (S t ok e s d e ve l opmen t i s i n

r,a mh pg . 370 1 93 2 ed ition ) .

Haurwit z B . I n t e r n al Wa v e s of t i da l Ch a r Ac t e r . Tr Ans . Amer.
Geophy s. Union 31 : 47- 52 (1 950) .

Sh ows tha t , ,>e e AUSe ' of r-o t s t Lon of t h e ea r tih , t h e v eloc it ie s

of l on g Ln t e r-na L WAves ar-e gr ea t e r , arid t he p e r io ds of l on g

i nterna l wav es nr-e muc h s ho r te r , and i n consequences mu ch mo r e

f av ourab l e t o reson nn c e ./ith tidal fo rces . (Us e s Sv e rdrup' s

formul a f or the ph a s e veloci t y c, of l on g wave s of WAve- leng t h

L in a ho mogeneous l a y e r of de p t h H, on A disc which is

r-o t a t Lng wi t h An an gu La r- ve l o c i ty W c
2 = Vi' L

2
... g H

4 n2

~:;~~ ~~C theR~;:~i O~c~ :~~:e~l~~nel~~~ckh~io r~e Su rface And In t e rnA l

Pr ima r y mec ha n l s m of band s lick s , a fi lm which l owers su r fac e

t en sion whe re r ipples are absen t. This uneven d i s tr i bu t i on

a tt r i h u ted hy a u t h o r t o inter na l waves a s dominating f sc tor

f or l ow wind ve locit i e s, a n d t o r oll wi n d vort i c es etc. in

a i r g i vi ng wind ah ea r- , Author ob t a dn ed h athythermograph s

In rapid succe ss io n from a riov Lng ship nnd fo und s licks i n

ea ch case co rres pon di n g t o a de pr e s s i on of the 6 0
0

F. i s otherm

(ap pr-ox , 15 f t . va riation).

List ing of ch aracteris ti cs of Slicks.


	0001_Cover
	0003_Title Page
	0005_Introduction
	0007_Page 2
	0009_Page 3
	0011_Page 4
	0013_Page 5
	0015_Page 6
	0017_Appendix
	0019_Page 2
	0021_Page 3
	0023_Page 4
	0025_Page 5
	0027_Page 6
	0029_Page 7
	0031_Page 8
	0033_Page 9
	0035_Page 10
	0037_Page 11
	0039_Back Cover

