
F A0 A077 b83 WOODS HOLE OCEANOGRAPHIC INSTITUTION MASc FIG 0/tn
OCEANOGRAPHIC RESEARCH .(U)
MAR 50 N6ONR—277

%RCLASSIFIED WHOI—REF—50—13

~~~~

76

~~~~~~

I

~~~~~~~~~~~~~~~~~~~~99D E ii

a



1.0 ~~L ~~
_____  

I~ ~IlI2.2
nhII~~~

~~~~ 
~~~~

IIOI~
~25 

~~

MICROCOPY RESOL UTION TEST CHART



;w - :

rr’~ - 
______—~ - ~~~~~~~~~~~~~~~~~~~ - ____—

I
I
.1

- ~~OES HOLE OC~ANO(2APHIC I!~ Trru~I0N

• Wooda Hole , ~aeeaohua ette

)P~~~o~ut~ ~ t~~t~~~�

1. 0 ~ ~L b~~~~ ‘11.

Ref sr.nos No. 50—13

~ OGRAPHIC .

conducted duri~~~W i U~~~
October 1, 1949 - Deoembsr 31, 1949

APP~~VED FOR PUBLIC RELEASE; DISTRIBUflON UNLIMITED

Periodic Status Report No. 1.4
Submitted to the Oceanographic Division

H drographic,~~ f1~~
-
~~~~ Under Contrac t No~~?16onr-27
I Task Order No. I , NR~O53oOO D D C
I with Off ice of Naval Research ~~r~ emr 3nfl flip

________________ 
I I-’_JII

. 11 Th
/ DEC 5

I i~uui~~1 APPROVED FOR DISTRWJTION ô 0 ~ z.L A
-
, Director



-

~ 

~~~~~~~~~~~~ 
—--- - - ,- — -- 

- - ~~~~~~~~~~~~~~~~ __----~ -__ •~~
•- -•-•- — ___f

~~~~~NU

C — 1 —

Aooording the the ter ms of Contract N6onr—277, Task
0rd.r No. I , NR-083-.004, the work to be performed by
the Contractor shall consist of the f ollowing:

1. The Contractor shall furnish the necessar y personnel
and fac ilities for, and , in acoordenoe with any instructions
issued by the Scientific Off tear or his authorized repreoen-
tati ve she ll -

(a) conduct surveys and research , and analyze and
compile data and technica l information , prepare
material for charts , manual s and reports • and
foster the training of military and civilian
personnel in the f ollowing f ields of oceanography ;

(i) permanent currents ;
(ii) interaction of the sea and atmosphere , including -

wind waves , swell and surf ;
( iii distribution of organiama;
(iv characteristics of the sea bott om and beaches ;

(v tides, tidal curr ents and des tructive sea waves ;
and

(vi) physics and distribution of sea and terrigenous
ioe*;

and pert oria the following uork in particu lar ;
(1) (Confident ial)
(2) collection of analyses of bath ythernograph

obaerva tions**; and
(3) conduct of a wave measurement program in the

Atlantic . -

* Reeea.roh in connection with relations between North
Atlanti c sea ice and Arctic weather was transferred to Teak
Order V •-~t Contract N6On -~ ?? O -N&Y~- 15-, l949~and will be
reporte i ii~iraTtO PO~IOdiO St~t~s Ropot~t

** The tabulation and filing of bathythermogre,pb observatio ns
was transferred to Task Orde r VI of Contrac t N6onr—277 on
L~ay 15, 3.949. Observations received and processed during the
fourth quarter of 1949 have been reported in a separate
Periodic Status Repor t coverinG Task Order No. VI (Rot ersno.
No. 50—7). 
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This report contains a quarterly su~~~ry of work
carried cut wades -Contrast N*meu- a77, ?ea~ 014x lie. —i- by —

the Woods Hole Ceeenographio Institution under the
following headings: -~~

‘~~ Papers Publiahod~~ 1— 
—

~~ Papers~~~~~itted for Publioaticn ) 1~-, Papers Ptesented at American Soo~ety Cf
Limnology and Ooeanography~ , 1—~Oceanographia Surveys off 1~aat Coast of U. 8.
between )ae~ni, Florida, and Caps iktterea~ ~ 3~~ Arctic Ooeanography1~, 

— 3
~~~~~ Salinity TitrationS and Calibrations of Thermo—

maters . 4
—

~~~ Sea Surface h ave Studies ~ 5
—~~ Unattended Oceanographic Instruments; ~ 6

~~~~~~~ Eleotrokinetograph Oruia!~~~
--- 7

~~~~~ Ibit iple SOa SaI~ Ier~ , - - - 
- 10

—p Assistance to Hydrograpliio Off iosj , 10
-~~ ASS istanoe to Na~ Research Laboratoryj a.J- 

~~ 
10

~~~Perscnne1~~ 13.
/~; .~~ ~ 

-; 7’ 4~:
~~~~~~~~~~~~~~~~~ 

Published
“The Princ iples of Tim. Series Analyses Applied to

Ocean Wave I~ ta”, Pr.~~~ a . ~ead. §2&.’ Vol. 35, No. 9.pp. 518—528, Sept. , 1.949, y ur~~H. it . Seiwell.

~~~~~~~~~~~~ Submitted ~~~ Publication
“The Water Structure in the Brownson Deep” by P~r.

- U. J. Pollak has been submitted to the Trans. ~~~~~GeoI)11y.~~ UnJ~g for public ation.

• “Probl ems in Statistical Analyses of Geophysical
• Time Series ” by Dr. Ii. R . Seiwell has boon submitted

to ~~~ for public ation .
“A New 1~oohanioa1 Auto Correlator ” by Dr. H. R . Seiwell

has bean submitted to Revie~ 2~ 
Soient l2l..o Instrumentt for

- - publication.

~~~~~~~~~~~~~~ 
at A~~r loan Society 21. L1inno1o~~ ~~~

“Behavior of Tides in 1~ibayments” by Dr . A. 0. Redftsld.

-l

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _ _ _ _ _ _
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“ows New Results on the Behavior of the Oulf 8tream
8ystem” by Dr . U. I .  Ford (Naval Research Establishment,
Halifax, N. 8 )  and P4r. 1. C. I~ag1iates.

_ _ _ _  21. U. S. ~~~Z~ A

• 
- The drafting of te~~eraturs, salinit y and dens ity
profiles of the CARYN (#~l) and ALBA~~OS8 XII (#18, 19,
21 and 22) cruises has been conpieted as well as areal

- plots of these qualitie s at several levels. These data
appear to support the general poetu ].ate of the non-tidal
circulation over the continental shelf oft the Carolina .
bays as outlined in hlIIOI Referenc e No. 1,9-6 by Beapua
and Wehe .

Figure 3. indicates the seasonal progression of
t~~~erature and salinity over the region.

A care ful study of the Geological. Survey’s water
supply papers haa been made prellmInAPy to an attempt
to evaluate the influence of effluent waters in the
circulation pattern. -

The U. 5. Fish and ~7ild1tte Service, VflIOI, and the
Universit y of North Carolina, Institute of Fisheries
Research are planning two further cruise s on the
ALBAI’R088 III. The first cruise to be conducted in early
anuary will ‘Oolleot temperature, salinity, oxygen and

phosphate data . In addition , drift bottles and drift •

cards will be released , at 50 poeltions in North Carolina
waters . During the second cruise , in late February • ten-
perature and salinity data and bott om samples will be
collected and drif t bottles will be relea sed.

r The exeoslient results obtained by Dr. K tchum and
Dr. Redfield in the New York Bight area has stimulated
us to atte mpt dr ift bottle e~per1ments off North Carolina.

- It is hoped that this program will, bring to - beer
- evidence of varying typos, oceanographic , hydrographis

end geological in an endeavor to describe the circulation
in North Carol ina wators.

This work is being carried out by L~eaare . ~ nspus,
Miller and. Hayes ~dth drafting being done by Mr . Pasley.

~~2~~2 0pea1~ogrpDhy

I - hr .  Hoadley and !r. Owen returned from Point Barrow,

- ~~~~~~~~~ ~~~~~~~~~~~~~~
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Alsska,~ in. the latter part of DOoember at completion of
their two month tour at the Arctic - Research Laboratory.
Their activities have been reported in informal reports
from Point Barrow. Temperature, aa3.intty, ice thickness
and ice growth measurements were made in the Point Barrow
Camp area and three cruises were made in coastal waters
off the Camp area to, distances as great as eight miles to
measure temperature and salinity. The absence of the toe
pack in the imaediate vicinity of Point Barrow prevented
the study of the growth of pack ice and testing of ooeano-graph ic instru ments on the toe.

At the end of November, Llesare. Lletoalt and Pollak
coumenced preparations for an erotic cruise on the
U.S.a. L~~~)I,ST0 to start in the middle of J’~n”~ry 1950.
These preparations included a conferenc, with Zfydrographio
Office and CR0 repres entati ves in Washington, D. C., early
in December and numerous visits to the U.S.a. I~DlBT0 in
Boston, Mess. The gathering of oceanographic equipment
and the installation of a suitable hydrographic winch on
the ship were the greates t problems.

Sa1init.~ ~~~~~~~~~ ~~~ Calibrations ~r Thermometers
The following groups o~ salinity samples have been

titrated :
AlBATROSS III , Cruises 21 and 22 242 -

CARYN Cruises 12, 13 and 14 129
AST~~I1~S (New Bedf ord) 108
V.8.5. UALOY 250 •

U.S.S. ~)~~T0 150
- • - - U.S.S. CORSAIR 290

~ ~~~~~~~~~~~~~~~~ D0IP HIR 300 .

ATLAflTIS Oruise 157 150
U. S. Publio Health Service 29
Llieoellaneoua

1,658
This work has been car ried out by three full—t ime

technicians under the supervision of Mr . Pollak .
The fo1lowin~! thom aaotors have boen received for

- oa1tb~’ation:
U. S. Navy llydrographio 02f ice (for
• U. S. Coast Ouard ) 10

Statements of exRlninatton have been ióuued for the
following groups of thermometers:

1U,J uU~
-
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- Thd~~ wsuure Thsrao.st.r
Corr . - Factor To TMestlafactoq

I~ th’cgrsphio~~ fic. 27 13 3 3
Fish and Wildlife Service

- (Wcods W,1.) - . 1$waox 32 - 
—

Birunda Biological Station 2 —

Puci fic Oceanic Pi.tmriee
Investigation 11 1

13 3 -r 
-

It is with deep regret that we ónnou.noe the accidental
death of Edwar d Penrose who designed and constructed - the
thermometer calibrating equipment and has so carefully
calibrated revers ing thermometers . -

Mr. Frederick Pingree is learning the techniques of
ther mometer calibration under the supervision of Mr.Bampue.

• 3~~ Surface Wave Studies

Research was divided as follows:
1. Construction and testi ng cl new wave

measuring equipment-.
2. Analyses of sea surface wave records .
3. Experimental oorrelogram analyses of

- - mathematical models.
In (1) above, equipment was designed to measure wave• height variations of less than one inch. Wave poles were

built to have alternate black and white , one—inch-divisions.Ft.3.d tests were carried out in the deeper part of Woods
Role Harbor under a variety of sea sta tes. The poles were• maintained in fixed verti cal positions by means of

- 

- weighted baffles and provide the baokground for photo-
graphing sea surfa ce variations with a 16 me motion pic turecamera, equipped with a 12-inch telephoto 

- lens , at a speedcl 64 frames per second .
The correlogran analysis of a record taken in this

test is illus trated by Figur e 2. It i1~owa a constant
period of 57 frame s length equal to 57/64, or 0.89 seconds.

0 The curve dar ~ps to a terminal amplitude of r
~ — 0.496. The

1) — -
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amplitude of the 0.89 second trigonometric , obtained by a
least square fit to the basic data , is C — 0.664 inches.
The oorrelogram of the residuals, remaining al ter sub-
traction cl this trigonometric from the basic data ,
indicates a near random sequence (Figure 3).

In (2) and (3) above , the analyses of sl1mI~,r and - fall
wave records from several points of t Cape Cod have been
carried on parallel with a study of experimentally generated
models of variou.e combinations of trigon ometric, auto-
regressive and random function s • Maze than fifty models
have been subjected to corre logrem analyees and their pro-
par ties computed for comparison with known parameters. AS
a result , various limitations and properties of the oorrelo—
gram have been brought out which aid in the interpretati on• of similar analysis of natural wave data. It appears that
oozrelogram analysis permits initial identification as to
whether the basic series - is random, periodic in one term

p only , per iodic in more than one term or completely auto-
regressive. la the special case where the basic series
contain5. a single sine wave, the correlogrem is a cosine
curve of that period having equal distances between
sucoesaive peaks and s~ocesaiv. valleys (such as Figure 2)
and which damps to a terminal amplitude , the value of the
latter depending on the per cent variability of the bas ic
tri gonomet ric to the tota l data. - On the other hand , when
the basic ser ies óontaine several cyclical ter ms , the
oorrelog xam will not have a constant per iod , distances
between successive peaks and successive valleys are not
constant , and damping is not conSistent over more than two
or three cycles. Distinction between - the two types of

- 
- series becomes apparent after two , and not more than tour ,

cycles of the oorrei.ogran have been ex~mtnod. Vlhen thi s
latter situation occurs , additional inf ormation ~~y some-
times be obta ined by - e Fourier transform of the auto
corr elat ion function into its approximate power spect ru m.
In the special case of the basic data being completely
autoregre ssive , the oorr elogram damps to zero af ter a few
cycles.

The mechanical auto correl ator has been in constant
use (Figure 4) .  In the computation of auto correlation
coefficients , it permit s a man-hour reduction to appxoxi—
mat. ly one-fifteenth of that requir ed for hand computation
using electr ically operated computing machines.

~~attended QoegnograDhic ~nstrument~
The second model of the three y ear temperature recorder

has been oompleted and baa be ?n given a short test off the 
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EXP. RECORD I , RUN 6
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3’ - dock. 3cm. very small changes hay, been made and parts
drawings have been complete d so that it desired , a number
of recorders could be made without delay.

A projector for the Lucite slides is being developed
80 that an enlargement of the rooord can be made on

-
• by U ” paper directly from the slide. The slide can be

viewed with an eye -pieoe at the present tine. Three views
of the instrument are shown in Figuro 5.

The recording aide of the instrument is shown in
- 

- Figure 5a. The driving motor for the clock mechanism is
- - shown as A , micro switches for the mechanism as B,
- - recording Luoite slide C, stylus arm D bourdon and con-

neoted oapiflary 1~, 0-rings to seal cap F. Figure 5b
- - shows additional parts on the under side of the reoorder~clock mechanism G , battery supply H , ~ailica gel dryer 3,

and handle for carryi ng movement when not in actual
recording K. Figure 50 illustrates the instrument in the
case , carrying handle removed , showing monring thimble L.

It has been found that a more reasonable method of
attaching to the case will be through an electrically
insulated connection. The prosent change being made is
to add a sturdy pièce of micarta to the end of the case

* and anchor a galvanized steel eye in- the mioarta. This• would prevent the connection of steel to brass , which
results in rapid eroding of the steel.

The only change in the current meter since the last
report is that vie are now planning a sawtooth path f or
the miniature photograph of the compass face to utilize
the full width of the f ilm 1 i~aoh cycle of the sawtooth
will occur once per hour instead of once per day as pre-
viously reported. It has boon found that a good photo-
graph of the cor~paaa face , ~ ~~~i high, can be obtained
and ten to twelve photographs per hour placed vertically
on the film will consume 1/8 ” of film per hour. This

• means that the opt imum maximum number of recordi ngs per
day would be approximately 240 , assuming the maximum curr ent
velocity, with apace for 480 per day it the expectant
~ax1mum current is exceeded . The intern al parts of the
current meter are approxi mately 20 per oent completed
and we expect to have the first worki ng model finish.
by Maroh fifteenth . -

~~~otzokjnetoj~rapb Cruia~ - Navigation Through a Liajor
~Oian Current

As a test of the effectiveness of the le].ootrokinetograph
as a current measuring instrument , ATLAflTIS Cruise 159,

flhIL.L. h..... 
~~~~~~~ 

- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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• 8-21 December 1949, was spent in an att empt to hold the
ship on a s.~~~nt of the line which outs the Gulf Stream
end jo ins Liontauk Point and Bermuda. In order to run
this line, the steered heading of the ship was corrected
every hour in such a way that the bow was turned upstrea m
sufficiently to correct for the downstream drift detected
by the Eleotrokinetograp h. The angle between the steered
heading and the intended course line depended on the
velocity- of the current and the velocity of the ship . The

• forward speed of the ship was measured by Pitot meter. To
determ ine the corrected heading , a length propo rtional to
the forward speed was used to close the vector tri angle

• 

- composed of the current vector and the direction of the
intended course. The forward speed vector , having known
‘~mgnitude , and the intended course vector having known
direction, the observed current vector permittod the
direction of the first and the magnitude of the second to
be determined. -

The headi ngs steered through the Gulf Stream made
angles as great as 540 with the intended course line .. The
Gulf Stream was crossed twice completely and twice
partially during 1006 miles of sailing along a 430 m ile
line segment. The geograph ic prog ress of the ship over the
bottom was checked hourly by Loran. Loran data provided
~eographio control ppints for the final calculation of the
results of the exper iment , but these observations were not• used in the actual performance of - the steeri ng experiment.• The rules and assumptions of the experiment were as follovse:

1. In or der to avoid too frequent course changes
with each observed fluctuati on of curr ent , the head ings, -

oorreot at the beginning of each hour , were maintained
throu ghout the hour . Thus , in increas ing currents the ship
was dr ifted downstream by an amount proportional to the

• increase , and in decreasing currents the ship worked up-
stream by an amount proportic~al to the decrease. In that
approximately the same current systeme were traversed in
opposite dir ection# , this rule is assumed to have introduced

- ‘ no important systematic errors over the whole cruise , or on
corresponding legs in opposite dirootions , but to have
contributed to the random error in the f inal result.

2. tlindage introduces an experimental error in the
geographic data obtained by Loran but not in the dead
reckoning data of the experiment. ~7iad will set the ship
geogra phically but only change the direction in which ths
subs~rged cable and electro des are towed. The direct ion
of the intere lectr ode length differs from the steered

El 
-,

--
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heading by arotan — D/G , where D is the rate of lateral
drift due .to windage, Jd C5 is the ships speed through
the water in the direction steered. Consequently, wind
drif t is not observe d in combination with the measured
current except as a snail error in direction. Gales from
the northeast and north caused considerable geographic
drift and eventually forced the ship to heave to for 24
and 47 hours respectively. In order, to render the experi-

• mental data homogeneous it was necessary to counteract
• • the effects of wind by adj ust ing the intended line and

geographic data as though it too had been drifted by the
wind . In this way, the dead reckoning results and geo-
graphic results were reduced to terms of the observed
current and ships velocity as the pr incipal experimental
quantities .

3. A. “IC ” factor of unity was used in all calcu-
lations of current at sea in order that a characteristic
deep water “IC ” factor might be determined.

The greatest geographic departure from the intended
line was 8.3 miles (15.1 kin) due to windage. The average
geographic departure from the intended line , excluding
windage, was + 1.6 miles (. 2.8 kin) . At the end of the
experiment the ship passeCli.r initial position at an
effective geogra phic distanc e of 1.8 miles (3 .3 kin) down-
stream . By dead reckon ing of the total drif t measured by
the electrom agnetic method , the ship paased her initial

- position at an effective distance of 52. 2 miles (95.2 kin)
upstream , In that this amount of net prog ress was made in
a direction at right angles to the intended line and the
ship closed the course on 

- 
the opposite side of the intended

- 
-

- line, the total drift must have been the sum of the observed
drift and the error of closure , 54.0 miles (98.5 kin). On

• the assumption that “It ” was unity , the electro magnetic
method detected- 95, 2/98.5 or 96.7 per cent of the true
drift. The correct net drif t would have been obtained if

had been aseum~d to be 98.5/95.2 or 1.04. The probab le
error of this result can be estimated from ra tio of the
average geographic departure from the int ended line, e 2.8 bi,
to the total drift, 98.5 Ian , in which case “k” = 1.O1~ • 0,03 .This value is in good agreement with the average of r u .
Class IV determinations , 1.04 , made earlier in the same
general vicinity, but the scatter of these values i. 1.01
to 1.10. It is presumed , therefore , that the raw data from
these deop water measurements are , on the average , in error
less than 10 per cent , and that if the deep wat er aver age,
1.04, has sufficiently general a ignitioanoe to be regularly
applied to correct the ayetenat ic ~ error or current

J~~”IITff~~~ T 
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observations , the random errors remaining may be estimated
provisionally in th• order of 5 per cent . liguze 6
graphically compares the course made good as dsterminid by

• Loran fixes with the dead reckoning of couress steered to
counteract the antic ipated . drif t by measured currents .

sea ~~~~~ -

Six multiple sea - samplers have been manufactured by - 

-our machine shop. One has been sent to the A~~tralty
Research Laboratory ,_Teddington, England for us. aboard
iti vessel, D~~COV&RT II. It is planned to sell or loon
the remaining samplers to interested oceanographic• laborator ies located in this country and in Canada. Thea .

— samplers have been built by Institu tion , not Government
funds.

- 

- ~~~ Eydro~~at hio Office

Three groups of enlisted personnel (five n in eachgroup) have received a week’s training in the laboratory
and in local waters on the operation of the bathythermo-.
graph , aoourate presentation of the ships track end tern-
peraturo profiles in oonneotion with project AMOS

Eight Phieger Core Samplers are being manufactured
in our machine shop for the Oceanographic Division, Bydro-
graphic Office. This order is approaching completion.

~~ ~~~~~ Research Laboratory
The temperature and salinity data collected on board

the U.S.8. MALOT end PCE 849 in the Bermuda triangle
during the previ ous quarter were completed and forwarded

- p to the Naval Research Laboratory.
This work was carrie d out by Mr. Miller .
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ASSI~~~~~~~ NAME TIThE TOTAL MAN DA!S*

~~i~~AL C. O’D. Ieelin** Diróotor
TASK A. C. Ret field Associate Director
ASSI~~MENT 1. C. Ryder Assistant to the Director

Jeanne U. Backus Secretary
~57’

HYDROGRAPHIC Robert Abel Chemist
OBS~~VATIOI~ Dean Thu ipus - - 

Oceanographer
AND - Carly].e Hayes Hydrographia Technic LoU
ANAL!S~~ Prank I. L7ather III Research Associate

W. G. L~etcalt - Research Asaooiat e in Arct ic
Oceanography

Arthur Uiller . Research Associate
David U. Owen Ilydrographic Technic ian
Mart in 3. Pollak Physical Ocean ographer

- L. V. Worthington Hydrographio Technician 
46lj

~ JRREN’I’5 Louts. Allen Laboratory Helper
AND WAV1~ Ruth Barker Technician

Richard Dinmiook Technician
• Louise Dudley Seoretary-Technioian

Thom~~ Duke Resear ch Assistant
- 

-~ Henry Ball Technician -

Mary Hunt Statistical Technician
Arthur flebba Research Associate
H. R. - Seiwell Physical Ooeano~rapher
Henry Stoumel Physical Oceanographer
W. S. von Arz Physical Oceanographer
Dorot hy Yarno ld Laboratory Helper

58_s
PNDTOORAP~~ 0. 0. Pea ley Draughtaman 

•AND Claude Ronne Photographer
DRAJTfliG Eva Sh.lnut Draught~man -

J ohn Stimpaon Draughteman

MThOELLA~~~~~SHOPtYORK AND
LABORATORY
A8S]~TANCE

* lien Day consists of 8 working hours.• ** Time not included in f igures for Men Days.
GRAND TOTAL
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