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1. C~ ~~~~~~~

Li This ~er.iorandum constitutes a set of instructions for t i e  use of an
IT~1 p~wch card technique for storing and handl ing marine ambient noise data.
It is intend ed for use as instructions by those involved in ‘~arine ambient

noise a’~ NEt and as a guid~~ to others at NEL who may be interested in es—
tablishing a similar punch card system. It may further be of interest to

• other laboratories who have similar problems in the storing and sampling
of arnbient noise data. This “~~ orendum should not be const rued as a report
as its only- function is to ~resent for the I nfornation of others a anal].
portion of tT~c ~or’c in progress in the study of narin e anbient noise.

102 Ambient noise in the ocean has been established as a funct ion of many
pa rameters, such as sea state , wind speed , biological noises, etc. Hence ,
it is necessary to perfor~ la.~-ge sav~ple statistical analyses to investi—
ea~e the e1iccts which each of the various sources has on the noise spect~ zu.
Therefore, an ~~ syst s~’ has been developed to record all the support ing
dz~ a on each ‘-‘easurec’ent and also to record the final results of the third—

• oc~-ave analysis of each sample.

1.3 Most of t~e ~or* with the ~ca
\ 

that ir the sorting, tab
c~~putations , will be carried out in the Section by the use of an available
IP~” c~trd sorter and a desk calculator. The Computation Center will handle
the larr~er sampling autor’atic operati’,ns that will not reonire the operator
to be familiar ~it1’ the s~ibject r ’atter.

1.4 Oti~er services to be carried out by the Conputatio n Center includ e tape-
to—ca rd ~‘unching, and inte~~reting a n~ dur licating the punched cards.

1.5 Two different In~1 ca rd s arc used to carry out two separate functions
of i;he ambient noise analysis. These card s are known as the “Data Card”
and the “Analysis Card ’. ~n addition to these tvo cards, a 5” x 8” Key—
: CVt cd~e—punch card , known as the “Master Test Ca rd” , is used to log
cia~ails of t~:e equ!7nont a~d operating schedule of the tests. The Master
Test Card is punched by se;~ia1 rnrthcr only. A fourth set of cards dealgn ed
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to fit in a Cardex file book , and known as “Key Cards”, arc used to carry
the necessary coding info~ iatioa for the other cards.

2. THE UI\TA CA RD

2.1 !~escriptiofl

2.1.1 The Data Card is designed to 7~eep a record of all the aupportint ’ da ta
concerning any ambient noise measurement or test. One such card is made for

each channel of recorded data for each measurement. This ca rd is intended

to provide both a written record of the test parameters and a duplication
of parts of this record in the fon~ of punched information which allows
the cards to be ~ortod as a function of any of these par~neters. A new card
must be made each tine one of these parameters chances enough to change
the coding.

2.1.2 Both sides of a printed data card are shown on the fold-out at the

back of this memorandwn. The card contains rows numbered from 0 to 9 and
two extra rows at the top desisnated by X and I as shown on the fold—out .

2.1.3 Before attempting to fill out the I~ata Card note that a specific
space is provided for each item of information rec!uired. One digit should
be ‘w ritten above each of the underlined spaces provided. The snail ni.mibers
iri ntcd below the space l ines indicate the column in which the digit is to

~e punched . If no nunber at’pe~rs below the space line the digit is not to
be punched , for instance, the last two digits in the “time” box. In some
o the boxes a blank space is provided ahead of the stated units and the
space line is enclosed in parentheses, i.e4 fins (..j. This indicates
that the data is entered i~ the blank space but the punchin~ is actually a
cod e number which is found on the a~propriato Key Card and entered in the
parcnt!ieses. In other bo~res only the space in parentheses L) is found.
In these cases onJy the punch code is to be entered on the card. Some of
the column rnii~bc’rs under the space lines are followed by thc lett er “Y”~
Theac spaces are checked if the condition described occurs and a punch is
made in the “I” row of the correspond ing column.
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2 2  Preparirt~ the Card

2.2.1 Fillingj~n The spaces provided at the left side of the card should
be filled in as soon as possible after conpietion of the r~easurement ~th ile —

the data is still warm , and before any analysis of the recorded material is
compl eted . Spaces calling for unknown informat ion ahr~uld be left blank.
Information sh ouli be written on the card in accordance with the following
instructions. It is su~~rested a ball -point pen be used to record the data
on the card.

2.2.1.1 Data Card Numbei’ A five-digit serial number, cornenc ing with 00001,
is avsigned to each data card. These numbers are assigned consecutively
as the tests are performed. However they need not be in strict chrono—
logical order. For instance, if tests are being made in more than one place
si~imltaneonsly, a block of numbers should be assigned to each location.
Cards relating to different channels of information on the same individual.
test should bear the same number0

2.2.1.2 Time Local Standard Time is recorded to the nearest minute.
Time is recorded in standard Navy fashion from 0000 to 2359.

2.2.1.3 Date The date is entered in standard Navy fashion, i.e. day/
month/year. Only the la st two digits of the year will, be used -

2.2.1.4 ~~ekdav The day of the week is entered in its box using standard
abbreviations . The da ys of the week are coded numerically, Sunday being
numbered 1.

2.~ .l.5 Test Shir. Nam e. and Conditiofl If the tests are being made f rom
a sh ip , the nam e of the ship and the condition of operation should be
entered on the card. The operating condition is chosen from the following
list which will be augmented as necessary. The existing list isz
(1) noored , (2) drifting, and (3) underway.

-4-
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2.2.1.6 ~~ The range in miles of the test ship from the hydrophone
is entered to the best known accuracy.

2.2.1.7 Ope~~tion Code The type of operation performed is entered in
accordance with the list of ot eration types found on the Key Card marked
“Operation” and listed in Appendix I to these instructions.

2.2.1.8 System The measuring system in use is assigned a number as
listed on the Master Test Card for the operation. Each uni que system
wil l require a new number.

2.2.1.9 Relative Motion Iny relat ive motion between the hydrophone
and the water is entered to the nearest knot. If the relative motion is
less th an 1. knot , enter it to the nea rest 0.1 knot and code an “x” with
the rate shown.

2.2. 1.10 Ship Distance The distance in miles from the hyd ropbone to
the nearest ship other than the test ship is entered in this box. If no
ships are detectable in the area , enter the range of inaxlmun detection
instead , and place a check in the box marked “Max. Detect .”. For further
co~~icnt ~ee A~pend1x II.

2. 2.1.11 locat ion The location of the test sit e is entered to the
nearest minut e of latitude and longitude.

2.2.1.12 Shore Distance The distance in miles of the test hydrophone
from the nearest shore is entered on the card. Also enter the code given
on the Key Card “Shore Distance ” and list ed in Appe ndix III.

2.2.1.13 ~‘ater Depth Enter the depth of the water in fathoms at the
position of the test hydrophone. Also enter the derth code as found on
thc Key Card ““ater Depth” and listed in Appendix IV.

—5—
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2.2.1.14 ~~~~~~~~ i)cpt b ~ater ~~ depth of the test hyd rophone in
fsthccis. Alco cn~er th e  d epth ceic as found £fl the Key Card “Hydrophone

~e~th” and listed in Appendix IV.

2.2.1.15 Llnitiv y fla ngç, In this space enter the range from ~d icb the
limiting rays leave the su:face to reach the hydrophene directly. Complete
instructions for this computation are found in Appendix V. Space is also
provided to enter t ie  range code as found on the Key Card ‘Limitin g Range”
and listed in Appendix V.

2.2.1.16 ~~ttom Type The t’~’pc of bottom beneath the test hydrophone is
entered on the card by ehoosin~’ the correct type from the list found on
the Key Card “Bottom Type” along with its corresponding code number. This
is illustrated in Appendix VI.

2.2.1.17 Bottom Shape The configuration of the bottorn in the region of
the test hydrophone is entered by choosing the appropriate tern and cod.
number from the list found on Key Card “Bottom Shape” and listed in Appen-

dix VIL

2.2.1.18 Sea St~t~ f t  s~ibjcctive estimate of sea state at the tine of the
neasurenent s~ou1d be riade and entered on the card . The sea state list

fou nd on the Key Card “Sea State” ,and in Appendix VIII , may be used for
gi~idatice in making this estimate.

2.2.1.19 ~~ A subjective e~tirmte of the swell at the tire of the test
s~-oulc1 be r,ade and entered on the card in terns of the code numbers on the

~~st found on the Key C~’rd “Swøll” and listed in Arpendix IX.

2 . 2 . 1 . 2 0  a 4_a~~_J~.irectton The wind speed in ‘utots is entered in
box together with the direction of the wind to the neare st 450 in

~~rr-3 of N , T~ ;, E , SE , etc. In the event of low winds where the direction
c;nnot ~e determined , write “9” in the direct .on space. For unobserved
d~reet~on , write “0” in the direction apace. See Appendix X for details.

-6-.
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2.2.1.21 ~~~~~~~~ In this box enter the baromettic pressure in mliii..
bars , ne~-1ectin~ the 900 or 1000, at t h e  place and tine of the test. Also
enter the dian r-e in pressure in nll.libars for the past three hours. A
nomograri for converting inches or millimeters of mercury to mi].libars is
included in Appendix XI. Space is also provided in this box to indicate
whether the nercury was rising or falling within the last three hours.

2.2.1.22 j~eciDitation If there is any fo nn of precipitation check
either 9~ain , Snow or flail” in this box and circle the letter which
indicates “light medium , or heavy”.

2.2.1.23 ~T Data kty available bathytb ensetic data applicable to the
tests should be kept in an orderly fashion and assigned a serial number
for the purpose of identification. This seria l number is entered in the
box on the card . Relow the ~T Data Number, two check marks may be ‘made to
indicate the velocity structure of the water. The first check mark is made
after the letters “S.C.” if the surlace sound channel exist s at the pod-
tion of the hydrophone. The second check indicates the existance of the
deep sound chann el. “T.L.D.C. ” indicates top-.lbnited deep channel and
is checked if the deep channel exists and the bottom velocity is greater
than the maximum velocity above the channeL eB . L.D.C.n indicates a bottom—
limited deep channel and is checked if the deep channel exists and the
bo1~tom velocity is less th an the nmxi~mmi velocity near the surface.

2.2.1.24 ~ydroj~hone Vert ical Position This describes the position of
the hydrophone with respect to the vertical velocity structure of the water .
There are several spaces provided to be checked as appropriate. These
cata go ries are explaired in the following table:

A.T. is above theimocline

A T .  is below thermocline
A.D.C. is above deep channel; if there is a bottoe~ limited

deep channel , this denotes the renge of depths above
the channel where fully refracted rays do not reach.

—7.,



I.D.C. in deep channel; this d enotcs the range of depths ~zhere
fully refracted rays do reach.

R.D. C. below deep channel; if  there is a top limited deep channel,
this denotes the range of depth s below the channel where
fully refracted rays do not reach.

U. I. under ice; if the hydropI~one is below an ice layer or pack.

2.2.1.25 Aural Noise E~t i ~~~ In t’-is space there is provision for
checking off one or more of several types of noise which may be heard
during the test recordings. There is also space for more descriptive notes
as required. These chcck~ or notes in the log of the operation should be
made by the operator on the spot at the time of the test and verifi ed or
enlarged by fu rther aural examination at the tine of playback and analysis.

2.2.1.25.1 ~çj ~oi~~ This is checked when the operator feels th at the
noise contained in the recording is free of iflterference of any definable
nature and is a good measure of sea noise.

2.2.1.25.2 Bioiopiical This is checked if the operator is able to reco~ iize

any of the many identifible marine biological sounds. If further identifi’.

cation can be made it should be noted in the space provided. The presence

of these sc~unds may or may not prevent checking the sea noise space.

2.2.1.25.3 i~ir~en1 This space is checked if the operator feels there
is interference from any part of the measuring syst~ n. Further descriptive
notes ury be inserted . This nay or may not prevent checking the sea noise

sr~’cc.

2.2.~..25.4 Man Ma~~ This space is checked if there is any aural indica-
tion of sound arising from the activities of man other than those of the
test ship itself. The presence of these sonnd s amy or may not prevent

checking sea noise.

—8—



2.2.1.25.5 ~~~~~~~~~~~~~~ T’nis is che.ck~:! if it is possible to identify
sounds Ju~ to thc ~fe~ei~ce of t~’o te st ch ip in the noise field of the -

hydrop~~ne. These z~ound s may or r nLl ’,’ r.~t prevent checking the sea noise
space.

2.2. 1.26 J~~~~~~~~ &~ i the back of the i~~ta~~a.~~
2.2.1.26.1 ~~ster Gard ~~~~~ In this box enter the serial suzuber of the

~eysort Master Test Card which contains the more detailed information on
the test cqui~incnt and its operation.

2.2.1.26.2 A~~~ysi~ i~nbe~~ The serial ntsnber~ of any and all analyses -

of the recorded material of the particular test along with their respective 
-

calibrate ntsnbers are entered in the spac e appropriately titled on the card.
I)istinguish the calibrate rn~ bers from the analysis nisubers by a “c” after
the rnrt~ber. -

2.2.1.26.3 recording Data Specific information relating to the recording -

of the test ~p1~ is entered at the bottom of the card. The reel and take
n’~ ber of the reccrding is entered , ~r is the channel of the recorder. Each
day 1s operat ion wifl start ~-:ith “feel 1, Take 1” so that these rninbers will
a’.;~ny~’ refer to ~~~ date entered on the front of the card . A space is

~~~~~~~ to indicr~te the type of recorder used for the tests.

‘.9-
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2.2.2 Punching Certain selected portions of the information filled in
at the left side of the c~rd are punched Int o the remainder of the ca rd in
accordan c~ id~th th e cocI in~ sy~t~ i established here. Punching starts in
the 31st column of the Ifl~i Data Card. In addition to the nwn~er codes
using the digi’~s 0 to 9 and X , certain selected fields are punched in
row T to provide a direct code of additional data. A punch in the I posi-
tion indicates 10 is to be added to the number punched in the same co]~ Im
or such other info nsation as designated on the Key Card s and in the Appendices.
The fol lowing instr~~r i~~s specify the columns to be runched for the various
items of data and the i~n~~r of coding. The actual code number assiguments
are found on the Key- Cards.

2.2.2.1 1)ata Card Nn~iher The five dieit serial. number is punched in
columns 31, 32, 33 , 34, and 35. The serial number is a direct code and
zero must be punched in all columns where no other digit appears. The

serial numbers thus start at OflOOl .

2.2.2.2 ~~n’~e The first two manbers which represent the hour are punched
in cciumn s 36 and 37. A zero must be punched in column 36 for hours pre~
cc~’i~g 1000. Thus both 0601 and 0659 are punched “06”.

2~~.2.3 l)a~t~ The date is copied complete from the date box on the card,

The day is punch ed in columns 38 and 39 with a zero in column 38 for all
days before the tenth . The month is punched it’. column 40 by numbering
the month s 1 to 12. The first nine months are punched directly, October
i~ pur.cbed “10”, flovember ~s pmnched “XI” , and ~ecenber is punched “X2” Q

~ ie lart t~o digit s of th~ year arc punched directly in columns 41 and 42.

2.2.2 4 Vcekd~~ The day of the week is punth ed in column 43 by numbering
-~~e ch- ys of the ~e~k consecutively starting with Sunday as 1.

—1Crn 
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2. 2.2.5 i~~ ac The r~’ age of the test ship from the hydrophone is
punched in column 44. The r ange is punched directly to the nearest mile
from I to 9 ni1e~ . A punch in the I position will indica te that the
range is ghown to the nearest tenth of n mile, for ranges below one mi le.

2.2.2.6 Operatio The type of operation is punched in column 45 using
the number cod e corresponding to the nam e written on the card. The code
is ~ci und on the Key Card ~Itlcd “Operation” and in Append ix I.

2 .2 .2.7 System number The designation of the system used to make the
measwcenent is coded and punched in the two columns numbered 46 and 4?.
The cod e designation for a ~‘articular systøn is found on the appropriate
Master Test Card .

2.2 .2.8 Relative Motion The relative motion between the hydrophone and
the water is punched directly In column 48 to the nearest !~not in accord ance

- with -zb e code shown on the Key Can! titled “Relative Motion”. A punch in
the X position .d11 indicate the notion is to the nearest -tenth of 1 knot.
If the relative motion is greater than 9 knots, punch only the X position.

2.2.2. 9 ShijLDistance The distance to the nearest ship other than the
• te~t ship is punched in co)~r’~i 49 in accordance with the code shown on the

ey C:~ d titl ec~ “Ship Distance”. If no ships are detectable in the area ,
a I is punched to denotc that the distance in the column represents the

~~~ ::- imum detection range. See Anpend ix TI.

~.2.2 . lO j~ c~~~c~ Thc locution of i-he test ship is entered directly- as
i~ is ‘rrit ~ en on the card , to the nearest minute of latitud e and longitude.

~ punches are i ’adc as follows:



~ 
~~~~~~~~~~~~

_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

7. 9 .2. 10.1 ~~tit’u~1c: ~ens of degrees column 50
uni- of degr~~.~ 51

ten s of minutes “ 52
units of minutes “ 53

North latitude no add it ional punch necessary
South latitude punch I in column 50

2.2.2. 10.2 Longitude: hundreds of degrees column 54
tens of degrees “ 55
units of degreas “ 56
tens of minutes ft 57
units of minutes “ 58
West longitude no additional punch necessary
East longitude punch X in column 54

~ot~ thi s neacs ~ ocations in the North—Eastern Pacific will require no
a~~it iomal punches, and sort ing of the X punches will, not be required as
lone as data is confined to this area.

2 .2. ~~~. II Shc,re l)istance The ~~~~. stance of the test hyd rophone from the
nearc~t shore is to be punchod in cohmu~ 59 in accordance with the code
fc~ ’~ on the Key Cazd titled “Shore Distance”. A detailed list may also

• be fcun l in Appendix III,

2.7.2 .12- ter fle i The depth of the wator in fathoms at the position of
the te.’:~ h~1~~op~one iz punched in colutrLn3 60 and 6]. in accordance with the
;~~e found on the Key Card titled “Water Depth” . A detailed list nay
a1 1 )  he ~~~~ in Appendix IV.

2.2,2. 13 ~~~~~~~~~~~~~~~ The depth of the hydrophone in fathoms is
in coht~ns 62 and 63 in accordance with the code found on the

~tc~ Card titled y~rophone ~‘ epth” and in Appendix IV.

‘.2.2.~.4 ~~~~~~~~~~~~~ The rasge along the surface from which the
l~nit -~u~ ra~-s leave the ~. urf ~’ce of the water to reach the hy~irophone

punche! i’i column ~i4 in accordance with the code on the Key

~~~~ t : ~ec~ ~ n~tin!~ Ran~e” and in !~ppendix V.

—12..



2.2.~~.l5 ~~~~~~~~~~ Thc type ~~ botte~ beneat h th e test hydrophone is
punched in column 65 in accc~i’da~ce with the code shown on the Key Card
tit~cd “Bottom Type” and in Append ix VI.

2.2.2.16 Bottom Shape The configuration of the bottom in the region of
the test hyd rophone is punched in column 66 in accordance with the code
shown on the Key Card titled “Bottom Shape” and in Appendix VII.

2. 2.2.17 ~ea Stat~ Tie sea state at the position of the test hydrophone
is punched in coin ~n 67 in accordance with the code on the Key Card titled
“Sea St~te” and in Appendix VIII.

2.2.2.18 ~~~~~ The swell observed at the position of the test hydrophone
is punched in column 6.  in accordance with the code on the Key Card titled
“Swell” and in Appendix IX,

2.2.2.19 r.d — Speed ar4,~~jrect ion The wind speed to the  nearest knot
is punched directly in columns 69 ~nd 70. A zero must be punched in

• coi~ mn 69 if the wind is below 10 knots. The direction of the wind is
punched in column 71 in accorda nce with the code shown on the Key Card

• titled ‘~~ind Speed and Direction” and the instructions given in Ap9endix X.

2. 2.2.20 ~arom€t~r The la st ts~o figures of the barometric pressure
e:~p - ~~sed in r-iillibars is punched directly in columns 72 and 73. A

~ ‘ ele fer cor~erting inches to millibars and milUneters to millibars of

~~~~~~~ is incl ud ed in Append ix XI.

2,2.2.2 1 ~~~~me~~j~c C }~a n e  The ch ange in barometric pressure in the last
three hOU ~~ is runchcd in column 74 in accordance with the code shown on
fic ~ey C.r~ titled ~P,c~’c~’-e t ric Change”, Punch X to indicate the pressure

~-as falling; 1e~ve blank to denote rising pressure or no ch ange.

‘~.2.2 .2 2 ~~it~~ion Any precipitation is classified into one of three

groups: ra in , snow , or F~aii . These are punched directly in the V position
in co1unn~ 31, 32, or 33. If there is no precipitation the card is left
urt r~unch ed in tbc~e sraces.

—13-.
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2.2. 2.23 ~~~D~’ta The info niatj ou checked in the box marked “B? Data”
is punched in columns 34,35, and 36 as indicated on the Key Card titled
“flT flata”. Since these are yes—no types of info rmation they are punched

• • 
only in the V position.

2.2.2.24 Ivd.~opho~e Posi~jpn The vertical position o’ the test hydrophone
as checked in the box titled “Hydrophone Position” is punched in colirvia
37, 38, 39, 40, and 41 and 42 in the 7 posit ion only. Further infonnation
may be found on the Key Card titled “Hyd rophone Position”.

2.2. 2.25 Aura1j~oise Estfr~ate The aural noise estinate as checked on the
card is punched directly in the V position in columns 43, 44 45, 46, and
47. Further information may be found on the Key Card titled “Aural Noise
Eat ir 1ate~’.

—14.

- --



3. PIT A’~ALYSIS c.w.n

3.]. fre~~rat ~~~ The A~i*lyaia Ca rd is an I1!I punch ca rd which is prepared
on a tape—to—car d converting punch from the teletype tape produced by the
Third—Octave Digital Analyzer (YODA)’ . This analyser ii programmed to
produce data in the proper sequence for punching on the card and to control

the entire punching operation. Data is punched on the ca rd in the following
order.

3.1.1 Ana1ysi~ Numb~~ The serial number of this card consists of two
letters and three numbers starting with AAOO].. This is known as the
Analysis Number and is punched in the first five coI~rms of the Analysis

F Card.

3.1.2 Third—Qctave.~Baud Leve15 The 70 columns following the Analysis
Number (columns 6 to 75) ar e reserved for carrying 35 tvo—di~it band levels.
The laycut of these 70 spaces is specia]i~ed for the measure~~nt of ~~bient
Noise in the frequency region from about 2cps to 81cc. It is not necessar y
all of this range be included in any single analy sis. It is possible to
analyze magnetIc tape recordings at playback ratios of 1 2, an] 4.

3.1.2.1 For maxir~um utilizat ion of machine computational methods each
original recorded filter band must have its own column pair permanently
assigned on the Analysis Card. Thus original frequencies ~dl1 always
:ppear in the s nne columns despite changes in playback ratios. Sinc. the
purpose of playback tape speed—up in to extend the low frequnncy range of
the anal yzer, the first column pair (columns 6 and 7) will be assigned to
the 1oi~e~t frequency band obtainable which is band number 4 cente red at
2.~~~eps. Column pairs are then assigned to each frequency band in order
u~’ to columns 74 and 75 which are the columns for band number 38 centered
ac 6.31cc. If a playb a ck ratio of 4 is used , data may appear in all bands,
rn-2 the corresponding colznu~s of the card all may be punched. If the piay..

‘~ M~~omndum From: Code 2323 , NE120221-36, Problem NEZ. L2- 4c of 4 Novmmber
1~55
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b~c’c ratio is 2 , no data wil l aprear in t e  fi rst 3 band s and columns
6 to 11 will renain unpunchcd~ If the playback ra tio is 1 there wil l
be no data in the first 6 t~and s and columns 6 to 17 wil l. be unpunched.

3.1.2.2 In the event that the si gnal level in any filter channel is
too b y  or too high for the analyzer to operate properly, a specia l
syntbol appears on the teletype tape and no level for that band is punched
in the Analysis Card .

3.1.3 flroad Rand Level The broad band level of the signal on the inag-.
net ic tape will be entered in columns 76 and 77 in decibels re 0,0002 micro—
bar. Since this level never is less than 40 db , small numbers will indicate
a value in excess of 100 db. This gives a dynamic range of nearly 100 db
to the broadband level which is considered sufficient for all intended
purposes.

3.1.4 Playback I~atio This is the ratio between the playback tape—speed

~nd -the record tape-speed . It will be either 4, 2, or 1 for the present

analysis card system. The approp riate ratio number must be set manually
int o the analy zer and this number is then aut omatically punched in column
78 of the Analysis Card. This same setting controls the placement of the
filter band levels in their appropriate columns of the Analysis Card in
terms of the original recorded frequency~

3.1.5 tegra~j on Tine The analysis integration time is coded and punched
in the 79th column of the Analysis Card . This operation is carried out
autcmmt.ically upon setting the desired integration tine into the analyzer.
It must be recalled that thi a is the actual tine of integration and must be
rmltipli ed by the playback ratio to obtain the integration period in o n —
ginal recorded t ine.
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3.1.5.1 Seven im*egratiou times are ava ilable and are coded by numbers
1 to 7 as follows:

code 1 integrat ion t ime 1 second
2 5 ”
3 10
4 15
5 2 0 ”
6 3 0 ”
7 6 0 ”

3.1.6 Veritication Two separate verification procedures are carried out

during the production of the teletype tape and the Anslyeis Card.

3.1.6.1 One procedure serves as a check that the tape and the card are

in sync and that values are appearing in their proper columns on the card.
This check is made several times during the punching proce ss. Any irregu-

larity causes the punch to stop at that point.

3.1.6.2 The aecond . verific ation procedure indicates certain malfunctions

• in the operation of the analyzer. A~ long as the analyzer is operating

properly a “sero” will be punched in column 80 of the Analysis Card. The

• presence of a punch in any but the “zero” row in coltrm 80 indicates
the data shown on the card may be in error and should be discarded.

3 2  yina a~d ~istyil~u~tic~n Two complete decks of Analysis Ca rd s will

bc made. One deck will be interpreted as outlined below and delivered tø
Code 2322 for use in computations. The second deck will rnnafn in the
Computation Center for use in machine computations as reouired by Code 2322.

3.3 Interpretation One deck of Analysis Cards is fed through an 1W
Interpreter to have the punched information printed on the card. Due to

• interpreter limitations it is not possible to print out all 80 columns
in a single line, so two lines of printing must be used. Thi. viii require

• the ~~rcls to pass through the interperter twice, with different instructions

to the machine on each pass. Since the arra ngenent of the pundied data on

—1?..
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the card , as explained above , is chc~sen for ease in analysi s and not for
ease in coc~put ation and harril .ing, a slightly different arr nngcnent Will be
used in the printed inter pretation. Each line of interpeted naterial may
contain a total of 60 characters or spaces , hence the 80 columns of
information punched on the card nay be expanded to 120 spaces during the
printi ng out process. The t~~ 60 column rows will than be fi~1ed as follows.

3.3.1 First R v  The first row will start ‘with the Analysis Number in
the fi rst 5 spaces . Space 6 will be blank . The first 1? band levels will
follow in the next 50 spaces written as two—digit numbers with a bla ’
space between each pair of digits. The first ba~id level in spaces 7 and 8
will always represent frequency band number 4, midband frequency of 2. 5cps.
The 1a~t band level, or seventeen th , on this line wil l always represent
band number 20, midhand frequency of l00cps. The last digit of these
band levels ap rears in column 56. Column 57 is blank , 58 represents the
playback ratio , 59 is the inte -ration —time code , and 60 is the “zero ”
punch ed for verification.

3.3.2 $econd Row The second row is indented thre e spaces and the broad-
band level ap: ears in spaces 4 and 5. For pu rposes explained in Section
3.4 the second row of’ band levels is offset one space from the first row ,

hence spaces 6 and 7 are blank. In the remaining 53 spaces are printed the
other 18 b: nd levels.

3 .3 .3 Columns whic!~ were left ‘inpun ch ed at the low frequency end because
of low playback r atios or thro u~ iout t I e  card because of excessively high
or low levels hecoi~e blank spaces in the printing—out process.

3.4 i!~ 
The two sepa rate deck s of a nalysis c~’rds are used in two different

• ways. At the tine of ana lysis , the Analysis Number is record ed manually on
the back of the anpropri ate Data Cerd . Later sorting of the Data Cards for
a certain set of para meters yield s a list of corresponding Analysis Numbers.
ror small sample co~iputati ons the local deck of Analysis Cards is sorted
ar~i the required cards selected. These cards are then placed in a special

— 18—



holder which al ign s the cards so onl y the two printed lines of each card
are visable. Since t h e  second line band—levels are offset one apace froi~
the first line band—levels, th e severa l leve].s for each band form a unique

column pair. This multi—ca rd tabulation is then used for computations as
desired . If the list of Analysis Cards produced by the Data Card sort is
long enough to make rachine computation s desirable , then this list is
reproduced in a new deck of punched ca rds. This deck is t hen turned over
to the Computation Center ~I ere it [8 used to select the requ ired analysis
cards for use in computation.

—19—
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4. ~~~ ~• ASTI.P ~ ‘ 1

4.1 The third set f card s in u~e in th is systest are Keysort two—hole
e~! t i ~;~c~’ cards. Only the serial number is punched on the se cards. The
ca : J s are filled out at the conclusion of each operat ion and contain such
inf ~m~tio n as the dates of t ! e ope ration , th e p~enera l patte ru of tests
or p easure rent s r~~ -~e , t1~~~

- equ ip~ent used for the measurer ’~ents , the ma nner
of op erations , the typ es t~f calibrations used , the inform ation put on each
recorder channel , other lots kept , and where other info r~at ion is avail-
ab le. A ne~ serial number is assigr ed each operation or set of measurerients.

5, THF~KE? CARD H

S i  The fourth set of card s which completes the punch—ca rd system of data
handling is not in itself a punch—card. The Key Card s are a set of 5” x 8” 1

plain card s containing the coding instructions for the punch card informa-
tion. These Key C ird s arc kept in a folder for easy refe r ence and contain
all the instructions necessary to encode the Data Cards for punch ing.

- — —- - - -
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AP PI NI ) IX I

OP}:RAT ION

1. The manner in which the hydro hone is operated is cod ed by the following
table. This is not a complete list and may be augrtented as necessary.

1. Permanent , bottom—mounted hyd rophone
2. Temporary, bottom-mounted hydrophone
3. Mobile, captive hydrophone, sinking
4. Mobile , capt ive , hovering
5. Mobile, capt ive , rising
6. Mobile , ca pt ive , pendant

—2 1—
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APPI NDJL X II

SflIP flI~TANCE

1. The distance in rt ila s to the nearest ship other than the test ship is
coded fcr  punching as follows.

1 For distances u~ to 945 miles , punch distance directly to the

nearest mile.
2. For distances from 9.5 to 19.5 miles , punch the unit digit

directly to t h e  nearest mile and pinch in the I position to
denote the tcn~’di git.

3. For distances greater than 19.5 miles punch only the X positions

1.1 If no ships are detectable as sho~n by a check in the maximum dectection
box on the card , enter the l imit of detect ion using the sane coding as above
awl add a Y punch in the eaie col umn. Thus the greatest maximum detect ion

~~n~e available is XY punches , meaning “greater than 20 miles , maximum
detection. ”

—2 2—
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A i 1 ~~h IY. III

SI OEE DL~TANCE

1. The distance in miles of the test hydrophone to the nearest shore is
coded as follows .

1. For distances from 0 to 9.5 miles , punch number directly.
2. For distances f rom 9.5 to 19.5 miles , punch number directly

and also punch X In the same column.
3. For distances greater than 19.5 miles, punch I only.

— 23.
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J r . - D1S~ IV

~‘ATr.r~ ~~~~ ~~~~~~~ i~n~ o. ~~~ !)E~’U ~

1 The wate r ~~ hyd rophone depths are cod ed by a system which expresses
t~e depth in loger ithmic hands. The depth is expressed to two significant

• figu res.

For depths ~rcm First Digit For numbers Second Digit
______ 

Code between Co
0,9 to 8.9 fathomr 0 9 to 11. 0
9.0 89.0 1 12 14 1

90.0 890.0 2 15 18 2
900 0 8900,0 3 19 23 3

9000.0 up 4 24 28 4
29 35 5
36 45 6
46 56 7
57 71 8
72 89 9

~ ‘r J e~t~-~ ~~or~ 0 to 1.1 fathoms , the dode ~-ou1d be “00”,

1.2 F~~ a depth cf 58.7 fathoms , the code would be “18”. The first digit , 1.
sign ifies ~h~’ region is between 9 and 89 fathom s~ the second digit, 8,

~i - ~~ ic~ the first  tt ’o significant nunib rs are ~etwe -~n 57 and 71.
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L1MJT(~ C rr :cE

1.. One of the param eters encoded a~d punched on the IBM Data Ca rd is
entitled “~ i~iting 1 nre ” .~ This itci~i has been included to serve as a
mcasurc of the ecean su ’-f~ce f ro.i which t~i e hyd rophon e can receive direct

~-~ ur.d at  any ~:iv€n time. Thi s area will vary with the velocity structure
of tha ~ -~~ar and wider cc~- rtain couditions may change radically with a change
of only a few feet of depth. Since it is apparent that surface 5ourc~:s
ccc~w~t for at least a p~~’t of the ambient noise at any point in the ocean 1
it is to be expect ed that the noi~;’ will vary with the area of surface
from wh ich so tnd can he received . rather than the area itself , the radius

• of a circle which encloses the area is being used as a measure of the area ,

A cet of nonogra.m~ has he~n desigued to facilitate the calculation of
this rad ius..

2. Befor e p~ucc€ding ta the cct~putation, th e limiting range may be defin ed
as the radius of the largest circular area which has its center on the

~ij rface directly above the hyd rophone and from every point of which sound
can reach the hyd rophone without reflection. It will also be necessary
to make a few as~ t~c~ s which a~’e reasoi~b1e approximations to the Situ-
ation. Fi rs t 1 i’ is aa~~1TWd that th e sound velocity is a fu nction of
depth alone wj~h i n  the area of interest. Second , it is assumed that th e
velocit~,- structure cari ~e app roximated ~y a s’aries of layers in each of
wh ich the ve~o-~~ty grzT.dient is constant and that the limiting range may
1~e ta! e;i as the s~r~ of the ra nrc~ traveled by the limiting ray in each of

~he sc i~tant grad i~’r~t ~a~~nae. It ~:il~ be fu rther assum ed that t~ ape ra—
tare an~1 aalinity data are available to the depth of the ~ydrophone.

a c~~p~tation of the 1ir itin~ range rt~y be divided into three part s
e. -a h  which is t reated ceparately. The first involves the deteniination

t~ c ve1ocie~ gradients and the separation into lariinae of constant
r~loci ty gradier.t~ .

—25..



_ _  • -

~~

---

~~~~~~~~~~

-— ---‘U,

1 hc i~~ at at~ p J
~ 

I ~‘aae~~ • .s ~ ‘~t ew m e  f ;c I ocatiori , number ,
a tL ic!~n~ SS t -f va~ io~~ u -~ir This ~~~ ~5 m ~~:~ the ~~e of •i bathy—

er- ;aa r~m type g;-~ ph of t c  ~~‘at ’~i - ’  versus depth , and a , ‘raph of salinity
vc-r~-~i~~ d~ p-th , hot ~ good to the  depth of the h yd raphone. An example of such

a pair of curves is ahc~~ figure 1• TL~ f irst  step is to ap~roxinate

these curves as a ~ies of straight line se~vaents as shown in fi gure 2

• The nv i’e se~ -”-o nt s per cu~~;.’ , d a y ’  a.ccu rate and also tie more tedious
the computations of the limiting ~~~iga. A reasonable compromise must be
nude . It has been ~ssumed in the  ‘mc i~i’:;i~s no lamina wi]] be more th an
100 feet thick. ~3traight line scg ~1~ .r.t~; ~a~t exceed 100 feet must be divided .

3,2 The second step in the procedure is to draw a horizontal line at

~a~ h discontinuity in either curv e as shown in figure 2. Number the lines
starting with ~; -~ :o on th ~ su rface. The lan inac are thus defin ed and their

ar ter~~ties can be tabulated . A table similar to Table 1 should be
u~~:~ ‘~~t} tho  nomogram s to program the computations.

3. 3 Fo~’ y~ r~-oses of comput a tion the actual change in velocity across
th~ ~ a t h a  rather than t h e  gradients i~ used . This change in velocity
is do-~iv’ d frcm tLe followin g equation0

~~ 
-.

~~~~~
‘- ~z 4 L~t + —

~~~~
— t~s

~~ S t S

where: ~v is ‘ d o  chan ge in velocity across the lamina ,
is t~ a change in velocity with ~eeth ; the pressure effect ,

~z is the thickness of the lamina ,
is the ch~;ige of velocity v~th te~nperature ; a function of

° temperature ,

-~t is the ehaaica in temperature across the ianina~
i~ the an~c of velocity wi! h salinity; a consta nt ,

- ~~-• —-~~~~~ --- ~~~~~~•- — - —~~~ •---~~~~~~~~~~~~ ••-- -. -~~~~~~ ~ -—~--—~~~~~~ -- ~~~~~~~• - -  ~~~~ -- 
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As is the charga n Sal il i ty  acro ss the l omina ,
Av is the r L a r ~ge Jn wlocity due to Az ,

is the c1ian~e’in velocity due to At ,
• 

~~~~~~~ 

is the char :e in v~. -locitv due to As~

If Av is negat ice th e ray viii hend do~ ward during its travel in the

l:rnina , A positive Av indicates th~ ray is bend ing up-ward and a channelin g

effect occurs. Thus in the case of weak gradients , it is ext remely important
tha t the value of lx h~ accurately dete raiined .

3.4 These no~ rams are den irn ed pri~arily for computing l imit ing
ranges Ia water ~-:it~ a negat ive velocity gradient . With reasonable conce~~
for the ph~ sical situation of telpcrature and salinity they ~nay be applied

to the cases iihcie a ~aegion of rositive gradient water over lies a r egion
of ~cr~at i ’ o gradient water. fle call that under these conditions the limiting

ray has zero angle at the depth of 7 ero velocity gradient. These nonograxns

will be ccpwhLly valid in t racin~ th e  course of the ray both ~iirections from

this level.

3.5 Nonoararis I rind 2 crc identica l oxcept for a scaling fcctor on the
lit and Av~ scales. The first noiiogram covers changes in t e-iperature across
the layer, At, from +0.20 F to about —2°F, and t h e  eff~ct of t~~nperat ure
on velocity ext ends fry -i +2 to -.10 ft/sec. Nonograra 2 covers chan ges in
li~ f rom —l~~’ to ah-out ..200~. 

, and the velocic~ cha nge extends from 0 to
-.l~ O f t/a ec The c1 an ’~c .— in~-sa1init~ and th ickness--of-layer rraduations
are identical for ~cth ~~~~~~~ ~n x~omogran 1 the scales are labeled
?~ through G ~r ith i~st r ict ia~~ fo r o ’tainir.g the desired solution , a value

~ai ~~ala t~. r’~- ogram 2 has scale s labeled from ~-! th rou gh ~ cn~ the sohz~
tion I~ fo~ nd on scale K.

• 3.5. 1 Tah ing the values frc~u table 1 for the tenrerature in degrees
Fahre nlieLt a~d tl e c~ ui~gc in t cr~~’~re ~cross each layer, the change
i;1 velocity with respect to t~aperature, Av~, may read ily he found by

—2?—
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cocir~ Ctin g d 4  ~~- .-~~eI value : T ~~ scale ~~th the corresponding value
of  At 11 scale C and r : ; - I i n ~ f J ’~ result on scale 13.

3.5.2 Other known parameters for each layer are the chan ge in salinity ,
As, and th e thickness of each layer, liz. Joining these values on their
appro priat e scales , C a’id E , a point is loca-ced on line F wh ich represents
the i r stan , As + Az. This point or. line F connected to the value obtain ed
on scale B will give a value on scale 1) wh ich represents the desired
velocity change arising from terip~rature , salinity, and ta ickness of the

layer .

3.6 h aving dctemj r ,d the change in velocity, Av1 for each layer , the
next step is to detemire the range traveled by the ray wh ich leaves the
surface at O~ inclinat ion.

3.6 1 It is first neeezsary to det ennin e the an gles at i .riich the ray
enters -and leaves each of the laza inae and f rosn these values obtain ~ mean
angle , 6, within each of the lartinae. The angle eb at ~ iich the r~y
lca1es t h e  lamina is related to the angle, e~ at whiCh t h e ray enters the
l~~~na hy th e following equation.

Vb
cos ~~

a

uhor~: is the velocity at the lower boundary, and
•hT
a is the velocity at the upper boundary.

This r’i 7 also hc

cos eb - ( 1 +  r ) cos e~

and fh, ’ purnoses of computations, it nay be expressed as

cos ~ ~ 1+ 4950 ~ cos

.-it} r ’-gligil lc error for all conditions. Now start ing at the surface of

..28..
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the i~~tcr (ir wh ere dv/~ z- — 0), --i th 0a 0 and cos 0a — 1 the successive

angles may be con~t ’tcd i:ith only a knowledge of liv and the preced ing angle~
Non~ogram 3 perform s this computati on.

• 3.6.2 Nonograrn 3 is made up of five scales involving the velocity change,

liv, and the angle s 9a and eb. Sca les 0 and eb
’ are expanded scales

of and to assure morc accuracy in measuring the smaller anglese
By taking a value for liv and 0a ’ the resultant value of can be found for
any angle between 0.30 and Z10.

3.6.3 The computations start at the surface where the angle of the ray
enterin g the first layer is taken as zero. Connecting zero on the

scale with the value found for liv in the fir st layer on the previous
nomograra, will give an angle wh~ich is the angle of the ray leavin g the
first layer and enterin g the second . The sane value of oh should now be
substituted for the 9a of the second layer and together with liv for this
second layer, a new is noted and in turn substituted for 0a in the
third layer. This process is continued to the depth of the hydrophone.

3.6.4 To complete the inform ation need ed on table 1, the mean of the

t~o an gles, i.e. 9a ~ , must be found arithmetically for each layer.
2

3.7 The final step is to compute the range , r , in each layer and the

total limiting range , fl, The ra nge in ea ch layer may be approximated by

r - li~ ctn 0

This eouation is expressed in NomoEram 4.

3,7.1 ~~ngran 4 gives the ranre in tdiloyards for each layer in terms

cf thc ~t~an angle , Q , and the thickness of the layer, At. Connecting the

p:~~per va lue of 0 on sc ’Je U with the  va lue for lit on scale W for the
layer will. produce a value on the range scale V for the range of the layer
ia ‘:iloyards. This san e process is to be applied to each succeeding layer.

The total of those ranges will be the total limiting ran ge for the test

-29-
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hydrophone position.~

4., To encode the comput ed limiting range on the Data Card 1 punch values

directly for ranges in kiloyards from 0 to 9. For values from 9.5 to 19.5
kiloyards , punch X in addition to the unit figure. If the range is
grerter than 19.5 kiloya nls, punch the X only.
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LAMINA AZ ( r r ’ T°F AT ( °F) AS (~~~)A V(F~~~ 0b ro ’.YD)

0- I 14 68.5 -0.25 ~0.005 -0.95 0.95 0.47 0.58

1- 2 II 6 8.0 -0.14 +0.048 -0.25 1 .06 1.00 0.215

2-3 8 68.0 -0.11 # 0.07 -0.1 1. 1 1 .08 0.145

3-4 9 67.5 -0.3 +0.08 -1.0 1.49 1.28 0.165

4 -5 8 66.5 - 1.5 +0.025 -7.5 3.8 2.6 0.059

5-6 10 65.5 -0.5 ~O.O25 -2.3 4.3 4.0 0.048

6-7 90 64.5 -2.2 .0.13 -9.8 5.7 5.0 0.36

R = TOTAL RANGE .1.57

TABLE I
APPENDIX ~~
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Ali’ENDIX VI

B0TT(~’i TIPE

1. The type of the bottom beneath the test hy drO cilone should be cod ed as

fol1o~is.

If ~~t~o,~~is ode
Not otherwise specified 0
Mud 1
Sand and mud 2
Sand 3
Sand with shells and/or gravel 4

Shells 5

Cravel 6

Rock ‘7

Coral 8

Stone 9
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BOTTOM Sf lAPE

1. The configuration of the bottom in the region of the test hyd rophone
should h~ punched in accordance with the following code and sketch .

Co4~ ! i~~tto~n~~~at j s:

0 Not otherwise s~pecified
1 ps1op~e in shallow water that slopes to deep water
2 Mid~1o~~ in middle section of a long slope
3 Downs].ope .

~
. in deep water that is sl’. ping to shal low

4 Shelf an essentially flat area with sh allower water on
one side ~ id deeper water on the other side

5 Basin an area ~there the water is deeper than the
surrounding area; a hole

6 used also for a grea tly elongated bas in
7 Plateau an area where the water is shallowe r than the

surrotinding area; a se~mount or guyot
_

9 floor the area over th e deep ocean ic floor 
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SEA STATE

1. The best available estimate of the ~ea state at the t ime of the test
is coded as follows 0

Code Mean He i~j~~ ?iame ~~~~~i~~~on

0 0 feet Calm Sea like mirror
1 0 — 1 Smooth Ripples with appearance of scales;

without foam crests
2 1 3 Slight Large wavelets; crest break with glassy

foam
3 3 — 5 Moderate Scattered white caps
4 5 8 Rough Smal l waves hccoriing larger; fairly

frequent w~’ite caps
5 8 — 12 Very Moderate waves with pronounc ed long fo rm ;

Rough chance of some spray
6 12 — ‘20 }!igh Large waves with ~.1~ite cre sts ; spray
7 20 40 Very High High waves with dense streaks of foam

along the direction of w ind ; heavy spray
3 over 40 Precipitous
9 Confused Very ro’~igh coflfu sed sea

.-•335.
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SI ELL

L The r~ un~ of swell present at the ti me of t he measureT-tent is
coded ~~ Th’Ilows :

Code ! 1~J~n R~~~ it (f ~~~~ Len~th (feet )
0 no swell 0 0
1 low short 1 6 0 300

2 low -
~~ avc~rage 1 - 6 300 — 600

3 low — long 1 — 6 over 600
4 noderate ~ short 6 12 0 — 300
5 moderat e - average 6 -~ - 12 300 — 600
6 ~noderato — long 6 12 over 600
7 high — short over 12 0 — 300
8 ~u~~h — ave:’~~e ‘~ “ 300 600

9 ‘• long “ 
- over 600

0’ 340
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~ lN1 SPLFJ) AN D flhl LCTION

1. d~~peed Wind speed to the nearest knot is to be punch ed directly in

- 
co1t~ms 69 and 70. A zero ‘rust b~ punched in colum n 69 if the wind is less
than 10 knots. If equ i~ nent is not available to measure wind speed to this
accuracy, punch X in column 69~ A ~~~ subjecti’~e est imate of sea state is
pa rticularly necessary under these circunstances. Wind direction should he
entered in any ca so.

2. W~~~ Iuirectign Wind direction is t a be r unc-hed in column 71 in accordance
with the fo11o~rin~” code:

_ _  Des qr~~t ion
0 ~~~ observed
I North wind
2 No~?th-East wind

• 3 East wind
4 South— East wind
5 South wind

6 South— ~”est wind
7 Vest win3
8 ~orth—~- est wind
9 low ~-~~:d whose direction cannot be determined (calm )
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