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There are  also of  course i so thermal  b o u n d a r y  condi t ions  on T a t  z = - 5w in the  water ,  a n d  
a t  z = + 5~i r in the  air,  and  an  " i sodens i ty"  (constant  re la t ive  humid i ty )  condi t ion on 
at  Z = -t- (~air" (0) (0) 

The s ta t ic  so lu t ion  for T, ~ of th is  p rob lem is qui te  s t ra igh t - forward ,  as g iven  in 0 s b o r n e 
[1964]. W h e n  i t  comes to t ak ing  in to  account  the  ve loc i ty  t e rms  in the  diffusion t y p e  equat ions  

(I) (1) (0) (0) 
(equivalent ly ,  solving for T and  0, a f te r  T and  0 have  been de termined) ,  the  compl ica t ions  
mu l t i p ly  rap id ly .  One would  have  to  make  sure t h a t  the  a i r  and  wa te r  veloci t ies  inser ted  into  
these three  diffusion equat ions  are  themse lves  compat ib le  wi th  t h e i r  b o u n d a r y  condi t ions  and  
diffusion equat ions,  the  h y d r o d y n a m i c a l  equat ions  of  the  b o u n d a r y  layers ,  inc luding viscosi ty .  
W h a t  choice to make  here is not  en t i re ly  clear,  bu t  there  are  a t  least  two possibi l i t ies .  1, Choose 
veloci t ies  from a wave  t y p e  solut ion (W. J .  H a r r i s o n  [1908]), or 2, choose veloci t ies  f rom 
a " s t a t i o n a r y  s t a t e "  b o u n d a r y  l aye r  solut ion (R. C. L o c k [1951]). How much  difference th i s  
choice would  make,  and  the  fact  t h a t  momen tum,  t he rma l  and  vapor  dens i ty  b o u n d a r y  l aye r  
th icknesses  are  not  exac t ly  the  same, we do not  know. I n  any  event ,  we suspect  t h a t  the  tem-  
pera tu re  pe r tu rba t ions  which come out  wil l  be p ropor t iona l  to  e i ther  the  s ta t ic  drop  or  g rad ien t  
th rough  the  wa te r  b o u n d a r y  layer  p r imar i ly ,  since th is  pa r t  of  the  "a i r -wa te r  sy s t e m"  has  b y  
far  the  larges t  t h e r m a l  capac i ty .  This  is a d m i t t e d l y  on ly  a guess.  The t e m p e r a t u r e  drop  
th rough  the  a i r  l aye r  can be much  la rger  t h a n  the  drop  th rough  the  wa te r  layer ,  and  there  
m a y  well  be a range of  significant frequencies where th is  a i r  t e m p e r a t u r e  drop  or the  h u m i d i t y  
drop,  is the  control l ing magni tude .  Only  a de ta i l ed  ca lcula t ion  could c lar i fy  these  points .  
Another  unexplored  aspect  is the  fai lure of  the  cont inuous mot ion  condit ion,  when evapora t ion  
is t aken  into  account .  W e  suspect  th is  effect would  be apprec iab le  only  for ve ry  th in  b o u n d a r y  
layers  and  large evapora t ion  rates .  
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Waves  at O c e a n  W e a t h e r  Sh ip  Stat ion  "Jul ie t t"  (52030 ' N ,  20000 ' W) 

B y  L. D r a p e r  and  M. A. B. W h i t a k e r  

Summary. Waves have been recorded in the Nor th  Atlant ic  by  means of a Shipborne Wave 
Recorder on an Ocean Weather  Ship. The recordings s tar ted in 1952, and although the ship divides 
its t ime between four stations, sufficient records are now available from each month at  " Ju l i e t t "  
to allow a year 's  analysis to be made. The results of this  analysis are divided into the four seasons, 
and give separately the characteristics of wave height, period and spectral-width parameter ;  the  
joint  occurrence of height and period is also given. 
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Seegang bei der Station des 0zeanwetterschiffes,, Julietff ~ (52o30'N, 20000'W) (Zusammenfassuug). 
Im Atiant ischen Ozean wurde an Bord eines Wettersehiffes de1" Seegang registr iert .  Die 
l~egistrierung wurde im Jabre  1952 begonnen, und obwoht dos Sehiff die Beobachtungen an vier 
versehiedenen Stationen naeheinander durchfiihren muBte, stehen fiir jeden Mortar geniigend Auf- 
zeichnungen yon W. S. , , Jul ie t t"  zur Verfiigung, um eine Jahresanalyse der Beobachtungen vor- 
nehmen zu k6nnen. Die Ergebnisse der Analyse werden auf  die vier Jahreszei ten vertei l t  und 
geben fiir jede die eharakterist isehen Eigenschaften yon Wellenh6he, Periode und Parameter  der 
Breite des Wellenspektrums sowie die Beziehung zwisehen Wellenh6he und Wellenperiode an. Die 
Ergebnisse zeigen die Diagramme irn Text. 

Yagues de vent aupr~s de la navire station du navire m~t~orologique eJuliett>)(52030'N, 20~ 
(R6sum4). A bord d~un navire m6tdorologique dons l 'At lant ique du Nord on a enregistr6 
les mouvements de la mer agit6e. On a eommenc6 ~ enregistrer ees observations en 1952, et bien 
que le navire enregistrait  suceessivement ees observations ~ quatre stations diff6rentes on a pu 
recueillir pour ehaque mois un assez grande nombre d'observations/~ bord du navire m6t6orologique 
((Juliett, pour en faire l 'analyse d 'une ann6e enti6re d'observation. Los r6sultats de cette analyse 
sent  divis6s par  les quatre saisons; ils recurrent  les caract6ristiques individuelles de la hauteur  des 
vagues, de la p6riode et du paramhtre de la largeur du spectre ainsi que la relat ion entre ia hauteur 
et  la p6riode des vogues. Les r6sult~ts en sent  repr6sent6s sur les diagrm~r~es dons le texte. 

~ - ~ a v e s  have  been recorded b y  Ocean Wea the r  Ship " W e a t h e r  Exp lo re r "  and  then  by  her  
V V replacement ,  Went  er I~eporter  , on s ta t ions  A, I,  J ,  and  K in the  N o r t h  At lan t i c  since 

1952. The ins t rument  used is the  Shipborne  W a v e  Recorder  (M. J .  T u c k e r  [1956]). The  ship is 
on s ta t ion  for abou t  two th i rds  of the  yea r  and  her  t ime  is fa i r ly  well  d i s t r ibu ted  over  the  four 
s ta t ions.  The  Na t iona l  I n s t i t u t e  of Oceanography  now has an  adequa t e  number  of records  
from every  m o n t h  in the  yea r  a t  s ta t ion  " J u l i e t t "  t o  al low an  analys is  to  be made .  I n  all ,  
1440 records have  been used;  for each mon th  t h e y  were se lected a t  r a n d o m  from the  ones which 
were avai lable .  Al l  records were of  12 minutes '  du ra t ion  t aken  a t  3-hour ly  in terva ls .  Only  the  
records which were t~ken when the  speed of the  vessel  was two knots  or less have  been used in the  
analysis  because a t  higher  speeds the  appa ren t  wave  period is d is tor ted .  The m e t h o d  of  ana lys is  
which has been used is t ha t  descr ibed b y  M. J .  T u c k e r  [_1961]. This  gives for each record :  

~. H a The  sum of the  d is tances  of t he  h ighes t  crest and the  lowest  t rough  from the  mean  
wate r  level,  

b. T~ The mean  zero crossing period,  
c. T~ The  mean  crest period.  
F r o m  these  measured  pa rame te r s  the  following pa rame te r s  have  been ca lcula ted ,  a f te r  

al lowing for ins t rumenta l  response:  
d. H~ The significant wave  he ight  (mean he ight  of the  h ighest  one- th i rd  of t h e  waves) :  

th is  is der ived  f rom H i  b y  using the  re la t ionship  H 1 = / .  H ,  where  ] is a fac tor  r e l a t ed  to  the  
number  of zero crossings in the  record  (M. J.  T u c k e r  [1963]). The  numer ica l  va lue  of  / for a 
record  conta ining 100 waves  is 1" 60 and  for 50 waves  / = 1" 49. These values  of  / are  theo- 
re t ica l  ones for a nar row band  spec t rum (D. E. C a r t w r i g h t  and  ~ .  S. L o n g u e t - I t i g g i n s  
[1956]) and  have  been shown to be subs t an t i a l l y  correct  for t yp i c a l  w ide -band  spect ra  of  sea 
waves ( T u c k e r  [1963]). 

e. H ~ ,  (aho~) The  most  p robab le  he igh t  of  the  h ighest  wave  which occurred in the  
recording in te rva l  (L. D r a p e r  [1963]). 

f. ~ The spect ra l  wid th  p a r a m e t e r  which is ca lcu la ted  f rom T~ and  T c ( T u c k e r  [1961]). 
~ 2 =  1 - -  ( T ~ I T ~ )  ~ 

The resul ts  of these measurements  and  calculat ions are expressed g raph ica l ly  and  are  
d iv ided  into  seasons:  

Win t e r  - J a n u a r y  to  March 
Spring - Apr i l  to  June  
Summer  - J u l y  to  Sep tember  
A u t u m n  - October  to  December .  

Because of the  uneven d i s t r ibu t ion  of the  records th roughou t  the  ind iv idua l  months  i t  
was found convenient  to t ake  a " m o n t h "  to s ta r t  on the  23rd of  the  preceding ca lendar  month ,  
e.g., ~ r in te r  is b~sed on records f rom December  23rd to  M~reh 22nd. This  does not  affect 
any  conclusions drawn from the  analys is .  
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Fig. 1. Cumulative distribution of significant wave height and the most probable height of the 
highest wave in the reeording interval 

Fig. 1 : For each season a graph is drawn showing the cumulative distribution of significant 
wave height H s and of the most probable height of the highest wave in the reeording interval, 
Hmax (a hours)" 

Fig. 2 : The distribution of zero-crossing period is given for each season. 
Fig. 3 : The distribution of the Spectral width parameter is given for the whole year. 
Fig. 4: This is a scatter diagram relating significant wave height to zero crossing period. 
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Fig'. 2. The distribution of zero-crossing period 

- Discussion of results. From Fig. 1 it is 
easy to determine the proportion of time in 
which Hs or H m a  x (3  h . . . .  ) exceeded any given 
height. For example, in the winter, the signi- 
ficant wave height exceeded 15 feet for 53 % 
of the time. Wave heights and zero-crossing 
periods are substantially higher in the winter 
months than in any other season. The sea- 
sonal variation in the spectral width para- 

_ meter is ikirly small; the mean is slightly 
16 lower in the spring and summer months than 

during autumn and winter. T h e  scatter 
" diagram of Fig. 4 relates the significant 

wave height to zero-crossing period. The 
numbers of occurrences are expressed in 
parts per thousand. For example, the most 
common wave condition was that  with a 
significant height of between 4 and 8 feet 
and with a zero-crossing period of between 
8 and 9 seconds which occurred for 132 
thousandths, i. e. 13.2 % of the time. The 
rapid attenuation of the shorter waves with 

is depth means that the pressm'e units, which 
are necessarily situated at about seven feet 

- below mean water level, do not record waves 
which have a period of less than about five 
seconds; this is the cause of cut-off below 
that period. Higher waves are almost all 
associated with longer periods, but longer 
periods can also occur with lower wave 
heights which is the ease when swell 
arrives from a distant storm. 

A parameter which is sometimes of 
interest is the wave steepness, defined as 
the ratio of wave height/wave length; it may 

. also be expressed as a decimal number. I t  
36 should be noted that  the steepness of a 

wave is not the same as the maximum slope 
of the water surface during the passage of a 
wave. Lines of constant steepness of 1]z 0 and 
1/~ 0 are drawn on Fig. 4 (in this ease steepness 
relates to significant wave height/wave length 
calculated from the zero-crossing period). 
A fairly well-defined limit of steepness is 
observed at approximately 1/1 s (0.056). 
There is a theoretical limit for a progressive 
wave of ~/7 (0.14) ; the steepest wave actually 

_ observed in this series of records had 
steepness of 1/9.0 (0.11)) defined as maximum 
height observed (not significant height)/ 
wavelength calculated from the zero-crossing 

period). This occurred with a wave 34 feet high and of 7.75 seconds zero-crossing period. 
Because the records are taken at random from a series covering about ten years, it is 

reasonable to assume that they are representative of a typical year. The highest wave recorded 
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by  these vessels was one of 67 feet crest to t rough on 12th September 1961 at  s ta t ion " Ju l i e t t " .  
As far as we are aware this is still  the  highest wave which has ever been recorded by  an  instru= 
ment .  I t  seems possible tha t  the highest wave which was felt by  "Weather  Repor ter"  dur ing 
tha t  storm was about  80 feet high (L. D r a p e r  [1964]). 

The wave measurements  t aken  by  the Weather  Ships, and  also by  several Tr in i ty  I-Iouse 
Light  Vessels, have been used by  Professor J.  D a r b y s h i r e  in  the  development  of his wave 
forecasting technique. The method has also been expressed graphically and was published in 
1963 (M. Darbyshire and L. Draper [1963]).. 

A c k n o w l e d g e m e n t s .  The authors  wish to express their  appreciat ion to the Meteorological 
Office for allowing their  vessels to be used and  to the Meteorologists and  Electronic and  Mecha- 
nical  Engineers  on the Weather  Ships for the care they have exercised in t ak ing  the records 
and  in ensuring the smooth runn ing  of the equipment.  W i t h o u t  their  cont inuing  interest  this  
informat ion could not  have been obtained.  
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Uber Messunt~en der Schall~,eschwindigkeit in der Nordsee 

Von W. D f i i n g  und  P. H. K o s k e  

Zusammenfassung. Es wird fiber Messungen der Schallgeschwindigkeit berichtet, die auf 
einer Fahrt  des F. S. ,,Meteor" w/ihrend der Zeit yore 12. bis zum 23. September 1964 in der 
Nordsee durchgeffihrt wurden. Es wird eine Apparatur zur kontinuierlichen Messung yon Sehall- 
gesehwindigkeit, Temperatur, Salzgehalt und hydrostatischem Druck besehrieben. Die Ergebnisse 
yon fiinfzehn Stationen in der nerdlichen und mitt lercn Nordsee und yon einer Station ira Skagerrak 
werden dargelegt und diskutiert. 

On measurements of sound velocity in the North Sea (Summary). The vetoeity of sound was 
measured on board of research vessel "Meteor" during her cruise in the North Sea from September 
12th to September 23rd, 1964. The apparatus used for the continuous determination of sound 
velocity, temperature, salinity, and hydrostatic pressure is described. The results obtained at  
fifteen stations in the northern and central parts of the North Sea and at one station in the Skager- 
rak are reported and discussed. 

Sur des mesures de la vi tesse  du son dans l a m e r  du Nord (R4sume). L'article actuel traite 
les mesures de la vitesse du son executdes ~ bord du navire de recherche ((Meteor~ pendant  son voyage 
en mer du Nord N partir  du 12 jusqu'au 23 septembre 1964. On ddcrit l 'uppareillage qui permet 
de mesurer d 'une maniSre suivie la vitcsse du son, la tempdrature, la salinit6 et la pression hydro- 
statique. Les resultats obtenus ~ quinze stations hydrographiques dans la partie du nord et la partie 
centrale de l a m e r  du Nord et ~ une station hydrographique duns le Skagerrak sont prdsentds 
et discutds. 


