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1) EROGRAMS
112 Annuzal Wave Statisties (Version 1) WAST
| 114 Error Correction of Current Meters BRCOZ -
126 Current Meter Analysis CRENO
141 Hydrographic Station Data Analysis HYDRO
150 Calculate Potential Density and Temperature
PTSDI
155 Thermometer Corrections ,TEMP5
158 Generdan Arbitrary Filter HILOW
168 Cable Configuration GABLY
1;78 Braincon Data Reduction BRCA.
181 Current Meter Card Checking CHECK
2) SUBPROGRAMS
=2, Saturation Vapour Pressure VAPW
-26 Three point Lagrangian In’cerpola‘bion of
Hydrographic Data TAGIN
=27 Three point ILagrangian Interpolation
calculation TLAGR
-28 To calculate the Brunt-Vaisala Stability
frequency DSTAF
=29 Adiabatic Temperature Gradient using
| Fofonoffs method DATG
=31 Specific Volume of Sea Water AIPHA
=32 Sound Velocity in Sea Water from Wilson's
Ind Formula SDVEL
~-33 SIGMA T SIGHMT
=3 SIGMA ZERO SIGMO
=35 Potential Temperature Calculation POTIT
~36 Specific Volume Amomaly IELV
Iinear Interpolation LININ



ERRATA

Subprogran -28

This is a subroutine subprogram written in Fortran IV for the
I.B.M.1800 machine

Ioput G the acceleration due to gravity is in metres/sec2 and
should be calculated as follows:~

=5

G = 9.78049 + SIN x (5.2766 x 10~ + 1,18 x 107 x SIN)

where

SJN = (sin(ID x 60 + XDM) x 3.14159/10800)2

ID
XDM

Iatitude in degrees

H

Latitude in minutes

Subprogram =29

This is a subroutine subprogram written in Fortran IV for the
I.B.M, 1800 Machine

Subprogran =2

The temperature should be in °C not °K as stated

e B s A s R i VS s S s B e W . B S e B M

Queries regarding the use or availability of any of the

programs in this volume may be made to :-

The Program Librarian,

Data Processing Group,

National Institute of Oceanography,
Wormley, Godalming, Surrey.

from whom a comprehensive list of all current N.I.O.Programs

are avalilable,



All the programs in this volume have been compiled and
executed on an I.B.M.1800 Computer having the following

configuration:~

1802 Processor-Controller with 16,384 words of core storage
2 2310 Disk Drives Model A

1 2,01 Magnetic Tape Drive (30 ke/is) (7 Track)

14,2  Model 6 Card Read - Punch

143 Printer, 24,0 lines/minute

1816 Keyboard-Printer

Facit Paper Tape Reader, 1000 Characters/sccond

Facit Paper Tape Punch, 150 Characters/second

The operating system was TSX Version 3



N.I.0.Program 112

Title Annual Wave Statistics (Version 1)

Name WAST (consisting of linked programs SETIA, WAST, READW,
HSLOT, TPLOT, SPLCT, HPLOT)

Machine IBM 1800

Language 1800 Fortran IV

Purpose To collate the data stored on magnetic tape by N.I.O,

Program 136 to produce, on the 1,43 printer, seasonal
graphs of the percentage exceedance of vave heights,
distribution of wave periods, percentage occurrence of
spectral width parameter for a year, an annual scatter
diagrem relating wave height and period, and a graph
of the wave height every three hours throughout the
year.

CC g9

Input // JOB X
// XBQ SETLA  FX1

followed by two parameter cards:-

1) DATES ~ The two dates between which the wave recording
occurred (Free format in the first 72 columns).

2) YEAR,MAYH - The year in which February occurred for the
afore-mentioned period, andQlif the highest value of
IHS (obtainable from N.I.O. 89 output) is € 50ft or 1
if the highest value is > 50ft. (214 format)

Method This program consists of seven linked programs, which

will be described in the order in which they are executed,

SETLA The first link sets a variable LAB equal to 1, This
variable is also set in other links in order to return
to various labels in WAST,

WAST This liﬁk stores zero in every array before printing
the title on the 1443 printer and checking that the
first month's data on megnetic tape is January. If it
is not the job is aborted, The link then sets various
counts before executing READ, The remainder of {njg link
is executed at the end of a month, a season or a year's
analysis. The returning point to this link is set in the

variable LAB in other links,



READY
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This link reads one month's data from magnetic tape. As

each record is read, the wave period is tested to see if it
is "Calm", If it is, 1 is added to the first element of
each array and O (the value of IHS) is written to disk
before increasing the counts and testing for the end of

the season, end of month, end of page and end of day (N.B.
the data on magnetic tape is stored in pages - each page
containing a heading and five day's data, This is done to
speed the execution of N.I.O. 137). If the end of the season
has been reached the next link (HSLOT) is executed, if the
end of a month has been reached control is returned to WAST,
At the end of a page or day, extrs blank lines of magnetic

tape are read, counts are reset and the next record is read.

If the record is not"ealm", the wave period 1s cenverted
from 2(241) format to F5.2 format using the subroutine GET,
One is then added to the HS, HIAX, (3 hrs),wave period (T%),
Spectral Widtk Parroctor, and Seottor Diagron arrays as

followss—

Let the wave period = A = Le59

Spectral width parameter = EPSI = 0,371 (read in as 371)
Significant wave height = IHS = 10,6 (read in as 10)
IHMAX =14.8 (read in as 14)

1

Maximum wave height
Thent=-

HS(IHS + 2) and HIAX(THS + 2) are increased by 1 , and IHS

is written to disk,
The wave period is then converted to an integral part

(TZAC) and a fractional part(TZAB), If TZAB is 20,5, 1
is added to TZ(2,TZAC + 2 ), otherwise 1 is added to
7%(1,TZAC + 2),
The value of EPSI is tested in intervals of 25, If

O < EPSIS 2, SWPA(2) is increased by 1: if 25<EPST <49,
SWPA(3) is increased by .1-,etc.

The wave period is tested in intervals of 0,50. If
O < A<O04LY then T = 2, if 0,50 < A 0,99 then IK = 3,etc
The same process is repeated for IHS in intervals of 1,0 if
WH = 0 or 2.0 if MAXH = 1, the result being stored in IL,
When IK and IL have been calculated for each record then

SCAT(IK,IL) is increased by one,



HSLOT
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Using the above data and formulae, the following results are
obtained: ~

HS(12), HMAX(16), TZ(2,6), SWPA(17), SEAT(11,11) if

MAXH = O or SCAT(11,6) if MAXH = 1 are all increased by 1 .

The link then increases counts and continues as described

as above,

This link commences by reversing the elements of the HS and
HMAY arrays usiing the subroutine RVERS. The cumulative
percentages of the two arrays are then obtained by expressing
each element as a percentage of the number of records in the
season and adding the previous total to it,

i.e. AHS(3) = (HS(3)/No.records in season x 10Q) + AHS(2)

and AHMAX(3) = (AHMAX(3)/Wo.records in season x 10Q) +
LHMAX(2) .

The (integer value/2) is calculated for each element, the
results being stored in the arrays JRAY and IRAY respectivelye.
These two arrays, with each element multiplied by 2 to give
the true results, are then printed on the 1443 printer.(N.B,
These results are halved prior to the graph plotting to form a
conpact graph).

Each position on the graph forms cne record on disk,
record one representing the top left hand position on the
graph, record 103 representing the left hand end of the second
line on the graph ctee JK is set 10 2,353,400 eee10,12, M1 00c0ene
20,25,30,35,40,50 00 c004..100, and for each value of JK the
position along the X-axis is calculated by the formula
IK = 0,4343%AL0G(JK)*#0,50, The (102 - JK)th clement (JJK) of
TRAY and JRAY are accessed, if they are equal,the disk record
is calculated by (5203 - (TRLY(JIK)*102 + (104 - IK))) and is
set to O ; if not the record is set to + for a HiHAX walue,
The formula (5203 - (JRAY(JJIK)#102 + (104 - IK))) is then
applied and the record is set to # for a HS value,

The graph is then plotted with seasonal headings,

plotting 102 disk records on every line of the graph,



TPIOT

SPLOT

HPIOT
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The link commences by storing a space in every element

of the output array. Each element of the array TZ is
expressed as a percentage of the number of resords in the
season and stored in the array A, The integer value (IN)

of each element 1s then expressed as a column of IN asterisks
in the output array, the position along the X-axis being
increased by one inverval for each element. The number of

calms are stored in A(1) and expressed as a percentage at the

bottomn of the graph.

The array A is printed befare the graph is plotted
with seasonal headings,

If the end of the year's analysis has been reached
the next link is executed, otherwise control is returned to

WAST.

The first half of this link collates the values in the array
SWPA by the same method as used in the previous link,except

that the elements are expressed as a percentage of the number
of records analysed in the year., The values arec again printed

before the annual greph is plotted.

Each element of the array SCAT is tested, if it
equals O it is set to "space", if it equals 1- it is set
to "¥EM, if it equals 25 it is set to "+", otherwise the
formula SCAT(I,J) = (SCAT(I,J)*1000/Number of records analysed
in the year) is applied to convert to parts per thousand, The
Y-axis scale ig determined by the value of MAXH ~ if it is O
the scale ranges from O to 50ft, if it is 1 +the scale ranges
from O to 100ft. Each line of the output graph is converted to
Al format using the subroutine INECB before being plotted.

The final link in this suite plots the values of HS which have
been stored on disk, Counts of the month and day number in
the month are kept so that the month and date can be printed
on the left of the graph where necessary, At the end of the
graph control is returned to WAST,



N.I1.0.Program 112 wpage 5

Output The output consists of the following tables and graphs:—

For each season, starting with winter (Januery to March)-

1)

Tables of the percentage exceedance of HS and HMAX

in one foot intervals from 102ft downwards, followed

by a graph of these two tables., The x-axis is
logarithmic and represents wave height from 1 to 100ft
while the y-axis represents percentage exceedance from

O to 100%.

Tables of the percentage occurrence of the wave period
in half second intervals from calm upwerds. A histogranm
is then plotted, the x-axis representing the wave period
in seconds from O to 20 seconds, the y-axis representing
the percentage occurrence from O to 50%,

The percentage of calms in the season is printed after
the graph.

At the end of a year's analysis:-

1)Table of the percentage occurrence of the spectral

width parameter increasing from calm in tenths. A
histogram is then plotted, the x-axis representing the
percentage occurrence from O to 15%. The percentage of

calms in the year is printed after the graph,.

2)A scatter diagram relating wave period (calm to

18 seconds along the x-axis) and significant wave height
( 0 to 100 or O to 50ft along the y-axis), One and two
occurrences are plotted as * or + respectively, all other

occurrences are expressed as parts per thousand.

3)A graph showing the height in feet (represented along

Required
subroutines

Operating
Instructions

Execution Time

Notes,

Programmer

the x-axis as O to 100ft) of every HS value for the year.
The date is shown along the y-axis, there being eight

values per day,
GET, RVERS, INECB, NEXTO, STQRO

The system waits prior to printing the final graph,

A channel 1 punch carriage control tape must be loaded
on the 1443 printer and the system restarted,
Approximately 90 minutes,

This program will shortly be rewritten with output to
the 1627 plotter.

Eileen Page



N,I,0, FROGRAM 114

Title Error correction of Current Meters (Vers1on 2)
Name ERCO2
Miachine IBM 1800
Language 16720 Fortran IV
Purpose To correct current meter data (calibrated) on
i snetic tape according to corrections,
additions or deletions read from cards, The
corrected date is to be written to a second
magznetic tape in the next available file,
Juput CCio
//bJI0B 20 3
//b%5ob Mo,/lane/Job Title
//bIREQbERCO2
*FILES(1,,1), (201,11,0)
*GCEND
where 270, right-justified in cols. 16 - 19 of

the job crrd, is the number of a disk pack containing
at least 327, 672 words of non-process working
storage, and N is the number of the megnetic tape

on which the corrected data is To be written.

The data consists of the following set of cards,

1., IPFIL - file no, where the data to be corrected
sides, right Jjustified in columns 1 - 7.

2o MIT - [eTer no,
LFRST - first sequence no,
TIIATY o
IRELD - last sequ nce no,
NCORR - no. of correction cards

NDEL - no, of sets of detectlon ecards required,
(i,e, if 2 cards in sequence are to be
deleted this is one set of deletloﬁs>

HADD = no, of addition cerds

ght justified in
P 2 LS“BJ’ 35"&—2

These six parameters are rigl
columns -7, O-1l, x5—2 , 2
7"espoctlv'ely in PORL T 617,

3, If there are any deletions the following cards
are needed

KDEL, KNUY

right justified in cols, 1-5, O-17 respectively
where KDEL is the seguence no, for which the
next oard(s) are to be deleted.

KTV dis the number of cards to be deleted,

This card is repeated IIDEL times.



PN
ngnut

Metégg

Operation

Program 114 p,2,

L., Addition cards:
KADD in columns 1-5

the sequence no, for which the next card is to
be added followed by

Ji, AA, BA, CA

o B RYSATRY

Tormat (17, 1%, 3(F7.2,1X))

This is the addition card

These 2 cards are repested NADD times,
5. Then follows ¥CTRR correctlon cards

Formaﬁ{I?, 1%, 3(F7-2,1X)) where each card
contains reading number. current temperature,
direction and sneed

eo%::o cC. 7 23 31
boabh79bubib~?xob252~h1bbbb9-72

the magnetic tape should be in similar
format, as 1t will be if written by N.I1.0,
Program 111, Current leter Analysis.

The new nagnetic tape will be in the same format
as the old, i.e, first record which is the meter
number, I7 format, then records in I7, 1%, 3
(F7+2,1%) formet,

On the 1443 printer a monitor of every correction
nade, preceded by the previous correct or corrected
recoz ¢, will be printed,

The magretic tape is first wound to the beginning
of the reguired file, IFIL. The complete file
from ILFRST to LRELD, plus the meter no., is

then read to disk, Afte“ changing the mag.

tape, the data is read back to tape, any
deletion records being left out, additions
inserted, or correction data being read from
cards and substituted when the reading nos.
agree, The output will commence at record 1

of the next available umiritien file (NFIL).

At the conclusion of the program the following
message is printed.

FILE IFIL, ON FIRST TAF®Z HAS BEEN CORRECTED AND
COPIED 0 PILE NMFIL O SECCGHD TAPE

K RECCRDS WERE WRITTEN

Toad tape, disks and cards in normal way. When
21l the data has been read from tape the following
mezsage will appear on the printer,

CHAITCE M/GNETIC TAPE AND TPRESS COWSCIE ST/RT

=B
DU B L4 NS



Restrictions

Bxecution Time

Programier
S ST

P

Program 114 p,3,

No, of records of data <32767 IFILE<S99

If NCORR, NDET: and NADD = O the tape will be
copled with no alteration.

The program operates under the W,I.0, Tape
Security System and both magnetic tapes in
use nmust have been initialised and used
under the system (DPG/P/7).

Lporox, (120 x IFIL + K/3) secs. hwere K is
the number of records on the file being
corrected + time to find both files concerned
on mag, tape.

R. Howarth (modification of Brian finde's progranm
ERCO1)



N,I.0,PROGRAM 126

Title

Name

Language

furpose

Job Description

Data

Card 1

e

Current Meter Analysis
CRENO
Fortran IV

To read, calibrate and plot data from Bergen or
Plessey current meters, Data is read from cards, two
complete sets of readings ( i.e.reading number,
temperature, direction and speed) being punched on
each card, The first number is the reading number,
and calibrations of the form ax + b are applied to
all the other readings, Provision is made for a dead
space on the speed rotor and three graphs are plotted

as output. Results are also output to magnetic tape.

//bJ0B
//b%Job No./Name/Title

/b XEGb CRENO
% FILES(201,MK,O) where K is the magnetic tape number

to be used
#CCEND

The data is in 2 sections immediately following
*CCEND
a) four cards, for program control

ce 14 22 30 36
A(1) BTObA (L) bX  HEXEX DY  YYYYY BV VVVVV B WITHW



Card 2

Card 3

Card L4

N.I.0.PROGRAM 126 Page 2

XXX a numbser representing calibration constant A(1)

Y YYYYY " il " " A.( o )
V. VVVvV 1 ] " 1t A (3)
WS " " u "AL)

ce
1 22 0 .
B(1)bTCbB (4)b§t.ygoo§x’oy.mmgv .‘\;"W‘Tv"g'é/ I
identical to card one with calibration consbants
B(1) to B(4)
The calibrations are performed with the equation
Y = Ax + B where A and B are the calibration constants

read in as above and X is the raw data value,

ce 18 26 3l
RISG(1 ) bTOBRNG (6 ) bXXXX , XXbYYYY, YYbZZZZ 25D
42 50 58

Wi . W bUTUU  UUBVVVV VY
where

XX, XX the minimum expected value of the temperature

calibrated results to be plotted.

YYYY.YY the maximum expected value of the temperature
to be plotted.
L2485 .44 similar to XXXX,XX for direction

WdaW, W "OYYyyY,Yy v "
Uuuyu,.uu " " XEX XX for speed
v, vwooo " "YYYY, vy " "
7 20 33 41

IMTNObLLLLLILISENSbEbbbbbbLSTNObNIININDDIT
vhere
LLLILLL = meter no. right-justified.

+ = direction of meter rotation, right justified,
NNNNWN = sequence no,of last card,right-justified.

1T = meter dead space

Format (6%,16,2(7%,16),2%,12)
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b) The raw data cards follow card 4 immediately,
Each card conteins two sets of data-the first in
columns one to thirty six and the second in 41 to 76.
Fach set contains 4 numbers, The first is the sequence
No. Second is temperature, third direction and flourth
speed,

e 1 7 25 31
ALALAABBBEBBb...u4so...0CCCCCCDDDDIDDLED

L1 L7 65 71
EELEEEFFFFFFD. . . . . . bGCGCC CHETHEH

format is (216,12X,216,4%,216,12%,216)

Output To Lineprinter

The meter number is written at the head of the page.
Following this each set of calibrated rosults will
be printed on the left of the continuous statiohery;
To the right of the results the grapiswill be plotted

a different symbol for each wvariable,

Magnetic Tape he meter number is read to magnetic tape followed

by the three sets of calibrated resulis. The format
is I7,1X, 5(W .2,1X) until the run is terminated

by an end of file marker belng written,

Programmers Howarth/Slade.



N.I.0,Program 141

Title
Name

Machine

Language

Purpose

Control cards

Data

Format

Hydrographic Station Data Analysis

HYDRO (linked to HYDRl, HYDRZ, HYDR2, HYDR3, HYDRL
IBM 1800

Fortran IV

Given a set of values of temperature, salinity and
pressure (or depth) to calculate at the given‘pressures
(or depths) the potential temperature, sigma b,

sigma theta, specific volume, specific volume anomaly

and Brunt - Vaisala freguency,

at
Also to calculate standard pressures (or
depths) the dynamic height anomaly, potential energy
anomaly, sound velocity, sounding velocity and sigma

theta,

//bJOB 168 1%
//HXEQDHYDRO
followed by data cards.

The data consists of the following cards
1-4 6-8 10-13 15-16 18-19 21,22 2,25
1) Nco, NCR, NSTA,  NDAY, MON, ©NYR, NHR,

26,27 28,30 31,34 36 38,40 41,44 L6 ﬁyp 50
MIN, 1D, XDM, NS, LLN, XNM, NEW, JIFIAG

(5%,13,1%,I4,1%,12,1X,12,1X,12,1X,212,1%,12,
Bhysl,1X,A1,1X,13, 7, ,1,1%,41,1%,41,1X,11)

where NCO = 74DI the Discovery code

1l

NCR = Cruise Number

NSTA = Station Number __ Station
NDAY = Day T Time
MON = Month (right justified)

NYR = Last two figures of year

NHR = Hour } Time of release

MIN = Minutes} of messenger. )

ID = Degreesfof latitude

XDM Minutes of-latitude

i



Card Column
Format
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North or South for Latitude ( N or §)

it

/s

LIN = Degrees of Longitude

XNM = Minutes of Longitude

NEW = East or West for Longitude(E or W)
NIYP = Type of position e,g.decca,satellite,radar

etc., punch one letter “D,S,R etc.
IPLAG = 1 for pressure input, 2 for depth input,

2) Card Columns 1-10 11=20 23
PCO, PCI, INTYP

Format (2F10.,, 2 X, I1)

PCO, PC1 are two pressure constants set in the
program to 1,0078 and ,00000253

If the user does not wish to change these

PCO and PC1 should both be punched as 0,0

INTYP

1 if interpolated pressured are to be used

i

2 if interpolated depths ard to be used

3 if no interpolated values required

i1

Then follow the station cards I = 1, N where N

is the numher of readings on the station.

1 21 - 2, 3= - 35 L1 =46
IFL, PRES(I), SAL(TY, TEMP(I)

(I1, 19 X, F4.0, 5%, F6.3,5%,F6,3)

where IFL = 9 for terminator card

PRES(I) = pressure

SAL(T) = salinity in parts per thousand
TEMP(T) = temperature in degrees centigrade

The terminator card has 9 punched in Column 1
to show all the data points have been read.

The final card contains the steps required for
the.interpolated values and is omitted if none

are required.
The format is 1714 and is set out as follows

For example take depths 0-500 metres in the steps
of 100, 500 -~ 700 in steps of 50 and 700 - 1000
in steps of 25,
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Card Columns L 678 101112 1516 181920
0 100 500 50 700

In all cases two noughts should be placed
after the last range to show no novre are
reguired.,

The steps required in each range always come

between the max, amnd min, of the range.

Output The outnut is to the lineprinter, the first
page consisting of headings, general station
data and observed values. The second page is

interpolated values,

Subroutines called

POTIT, SIGMO, SIGMT, ALPHA, SDVEL, DELV,
LAGIN, TL4iGR, DSTAF, DATG

The method of calculating the variables and the
interpolation can be found in the write-ups of
the above subroutines

(N.I.0. =31, =32, =33, =34, =35, =36, =26,

-27, =28, =29)

Limits The program is at present limited to 35 points

per station.

Programmer R. Howarth,



N,IT.0, PROGRAI 157

Title Calculate Potentiagl Density and Temperature

Name TSDI (Lab. system)

Machine IBM 1820

Language 1807 Portran IV

Purpose To read in temperature periods, salinity periods,

and depth. On the lab, system cards input are
in a fixed format, on the ship system input is
from paper tape in a free format, The potential
temperature and potential density are then
calculated (using 3 function subbprograms) and
output tc the line printer

Job Description  // J0B
/7 #(Job No,/Name/Title)
// XEQ PTSDI
*CCEND

followed by data cards or tape,

Input a) On the lab, system there are Tive values of
PS8 = salinity period
PT = temperature period

I = depth (wire out value) in metres
arranged as follows per card,

CCa 1 67 1213 1617 223 B29 F2ace e
[\ 2N U J WS L WS S W i W

Ps(1) PT(1) (1) »s(2) Pr(2) 1(2) sesen

(i.e. using the full 8> columns)

- r T \
The format read is 5(2F6+3,T4)

The last card must contain 999999 in columns
1 = 6 to terminate the program,

b) On the lab. system input data is on paper
tape in free format, arranged in the same order
as for cards, with a blank between each data
value,

Output The following items are listed across the page.

a) PORTEVP -~ temperature period
PERSALY -~ salinity period

)} DPTH ~ depth

a) POT,T. - potential temperature
e) SALINITY

£y PY,D - potentisl density

.16



Program 152 p.2,

g) DI/M - temperature change/m

h) DS/ - salinity changze/m

i’ DD/ - density change/m

j) DAT/M - binomial smoothing of DT/M

k) DAS/HM - binomial smoothing of DS/M

1) DAD/M - binomial smoothing of DD/

m) I - Brunt VArsdlY frecuency from DD/H

n) ANS - Brunt VHrgHld frequency from DSAD

o) DB5AD - Binomial smoothings of DD/M when n = 5

iMethod Having read the input data, using function
FOTIT (J, Crease) calculate the potential
temperature and similarly calculate sigma 2
and sigma t using SIGMO and SIGHT for the
potential density. Calculate the Brunt VHrsHlE
frecuency and output all the results,

Programmer R, Howarth

The program is a modification of a program
vritten by Robin Pingree,

N.16



N,I,0, PROGRAM 955

Title

o

Name

peeeubuIe

Machine

language
Parpoae

Control Cards

Input Data

KN ~

The rmometer Corrections

5 (Ship system)

IBH 18
1877 Fortran IV

To correct protected and unprotected thermometer
readings using Schumachers equations,

//bJOR

//b*(Job No,/Name/Title)
/ /o XEObTENP S

*CCEND

followed by the input data cards,

Card No, Nanme Funection
1 Ci¥  Correction interval in degrees
centigrade
.8, Col, 1 5

T3409D - this number can extend over
5 columns but the decimal point must be included
format F5-0,

2 TA T.owver and upper limits of
I3 amblent temmerature range
e.2. Col, 1 8
AT 5
The format is I3,2X,I3
3 ND Thermometer no, = 5 digits

NTY ~ Thermometer type O protected  _ 1 disit
} 1 unprotected bt

MON J lonth of calibration - 2 digits
NYE  Year of calibration - L digits

.8, Col, 1 17
1234 0b0bb ™M bb1969

Pormat i3 16,2X,11,2%,12,2¥, Tk

L IVO Volume of mercury in stepn below
™ dege, C. dl.e. VO = 3 digits

e.,z, Col, 1

169
Format I3
5 NPO  Wo, of main thermometer pts. to

follow

Pormat I3



Frogram 155 p.2,

NPO cards containing

TEMP main thermometer reading
COR main thermometer index correction
™

{

ormat F5H«D, 2, F50

2

e.g. Col., 1 12
2«50 Y

Bach number can be up to 5 digits long but the
decimal point must be included,

Cne card containing
NP1 Wo, of auxiliary thermometer readings to follow
e,z. Col, 1
AT 3 digits
Format I3
NP1 cardis contalining

AUZT | auxiliary thermometer reading
LAUCY 4 auxiliary thermometer correction

\

Format F50,2X,F5
e,g. Col, 1 - 12

2570150
Bach number can be up to 5 digits long but a

decimal place must be included,

s online printer as follows

[N

Output Outout

- main thermometer temperature Tollowed by

CP = ambient temrerature and TAUX correction
{(there are © sets of ambient temps and
corrections ner line),

Method The input is read., The range is found for which
corrections to the ambient temperature are to be
made in increwents of CIN, The corrections are
calculated using Sverdrup's formulae, and the
results output on the lineprinter,

Subroutine TININ - linear interpolation is used
for the protected thermometer cases,

Programmer R, Howarth

bagsed on N.I.0. Program 59 by J, Crease

My 16
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N.1.,0. PROCR

158

lMachine

Purpose

Job Description

Data

Use

Generate arbitrary filter
HIT.OW

IBH 18770

-~

871 Portran IV

To generate a lowpass, bandpass, or highpass
filter defined by 3 parameters, with or without
its conjugate, punch the HL1L1D716LS on cards,
and list its amplitude response over the Tull
freguency range.

// JOB

// #Job No,/Namc/Title
// ZEQ HITOW

*CCEND

1) One cerd, containing the following Tour
integers, whose meanings are exvlained below
(see 'Use!)

N L ¥ K Format (LIL)

2) At least n + 1 blank cards if K = O,
or 2(nn + 1) blank cards if X = 1,
where n is the smallest integer 2 N/6

&

) If the number of blank cards (2) is exmctly
correct, further sequences (1), (2) may follow
with dlfluaeht parameters. Otherwise, the
execution stops when a blank card is read in

place of (1),

!

program produces the right hand half of a
yrmetricel filter of halfl length M., That is,
t produces a set of multipliers

I ~f g
¥ o, r="1H

T
d, if the conjugate is requested by nutting

, v = >(i)u

for intended use with o data series x(t) in the

forms

XO(t) = Fox(?3 +

. Py [x(t + ) = =(t = 1) ]

g =

it

or % {t) D+ T e, x(t + ) - x(+ = )]

1



N.17

Output

Program 158 p.2

X, (t) is a filtered version of =x(t), with
cértain parts of its speccfum.suppresDe&
according to the filter characteristics, but

no alteration in vphase, x (%) has apgrox1matelj
the sanme ChqraCtOTiSblC bht with all phases
reduced by 57,

T and M dsotermine the cut-off frecuvencies of the
filter as follows:

a) If L =72, a lowpass filter is produced whose
cheracteristic is close to 1 for the frequency
~

renge O to (11 - 4)/“ Uyoquists®, and close to D
o 3 A r A - - N
for the ranze (M + 2)/17 to 1 Nyoulsts,

\ o A
bl If M =1, a highpa leCor is produced
whose oharaoterlsLlo 3 70 to O for the
frecuency range O to (L - 1 /H Uyauists®*, and

I N - .
close to 1 for the range (I 23,u to 1 Nyguists,

88
.S

¢) If <L <H <¥, abandpass {ilter is produced
whose characteristic is close to ? in the frecuency
ranges O to (L - 1)/t and (3 + ZLﬁfto 1; and close

to 1 in the range (L + 2)/i to (I - 1)/” Nyquists,

a) If V<L =M< N, the filter is similar to

(c) except that the largesﬁ valve of the characteristic
is 75 at the frequency M/il.

e) IfF D <L =M=-1; similar to (d), with largest

value D85 at (¥ - Ig/W

In the neizhbourhood of the cut-off frequencies
the characteristics are as follows:

fre-uencies (Eyquistsﬁ* 1HD17uUd° response
fL—l+m)/N (M+1—m,/u > Between 1% 305 m 4 approx.
(1+1)/7, (¥=1)/N Exactly 1
T/, B/ 75
(1~1)/M (1e1)/N T e25
(1=2)/11, (Ba+2)/N Exactly O

i-x)/u M+m§/f~?9 n>2 Between * 5 m “ approx,
If the parameter X = 2, only the reel filter F,
is promube& | and its cha ;hcﬁeristic listed, X > 3

8. 114

C.J.
J'»

produces bhoth real =nd con
end their chrracteristics,

fay valve T > O will eliminate an artifioial mean
value and greatly attenuate any slow 'drift' in
a time series x(t
The filters F_ and &, are punched in Format
(212, 6712 8) the 8th decimal wlace being

~

rounoed The first of the btwo integers is O
the real filter, 1 for the conjugate; the

seoond is a card count, D(i)n. The first card

of each set (card count ) contains F or G only,

’ 0 0
411 relevant figures are repwoduced on the line
printer, with explanatory heading The characteristics

(unrounaea) are listed at ,(3-q iﬂ Nyouists,

* A Hyquist is 1/?6 where O is the time

E

interval of the series x(t).
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Program 158 p.3.

I
>}

g
(NN
[es)
(K]

Formulae The lowpass filter (I
P = (M 4+ De5)/N,

C
F, = cos®t0t. sin(il + £)0t/2N sin 20t, (2 = 7/N)
G = 0

o]
Gf = cos?30t. [cosiOt - cos (M + %)Qt]/ZNsin%Qt.

tiote that B =0 = G,
The bandpass and hichpess . ilters have closely

L “ /] - - 4
reloted formulae, with (I, = 77) in place of (M + &).

Limitations The 'Dimension' statenent restricts ¥ to € 200,

Clearly the greater II, the sharver is the cut
off, and the nearer are the characteristics to
2 and 1, but values ¥ € 17 should suit most
practical purposes,

Execution time Lbout 145N seconds per filter.
Pirogrammer Do B, Cartvright



N.T,0, Progrem 168

Title
Name

e

lachine

Language
Purpose

Control Cards

Input

Cable Configuration
CABL

IR 18D

1800 Fortran IV

To compute the equilibrium configurstion and
tenslons of a cable towing a submerged body
for faired, unfaired, and discontinuous
(lower part only, faired) cables,

//bJOB

//b*(Job No,/Name/Title)
//bXEObCABL

#CCEND

followed by input data cards,

Card Mo, Contents Function
1 NAME Column one i1s a reference digit
It must be 3 for a discontinuous
cable (part faired, part unfaired)
It is normally taken as 1 for
Unfaired Csble and 2 for Fgired
Cable
The remaining 39 columns are printed
as a title
€, gv
Col e 12 ' 40
ZECHO-SOUNDING FISH,,, .Uz 0D
FORMAT  (40a1)
Card 2 D Diameter of the cable in inches
Cols., 2 = 10. Decimal Point col, 7
€e8e
Col. 234567890
D580
WT The weight/ unit . length of the
cable inlbs/ft,
Cols. 11 = 19 Decimal Point col, 16
Coe
Col, w s ©
1070
CR The Drag Coefficient of the cable
Cols, 20 - 28 Decimal Point col, 25
€.53.

Col, = 2 4
Dol



Program 168 p.2,

3) Ratio of "Friction Drag"/
"Friction Drag and Form Drag"
See Ref', 2 under method section
U = D75 recommended for most
faired cebles
U = D02 for unfaired cables

Cols, 29 -~ 37 d,p, col. 3k,
DELO The weight of the towed body in

pounds,

Cols, 38 - 46 d.p, col. 43

FORMAT (41,5,F9.3) (41 is character
to denote end of data - blank on
card 2)

Card 3  ATV2 Lift (Down) for ddpressors
{(velocity)®

on body. 1bga wﬁ (£t./sec.)?

Zero for bodies without depressors.
ols, 2 - 12 d,p. 7

S Area of Cross-Section Towed Body in
sq. ft,

Cols. 11 - 19 d.p., 16

Coo Drag Coefficient Towed Body
Cols, 20 - 28 d,p., 25
DL Drag to 1if't ratlo depressor

(rat as zero For body without depressor)
Cols. 29 - 37 d.p. 34

VK Speed of tow in Inots.

Cols, 36 - 46 d,p. 13
FORIAT (1%, 5F9+3)

Card L First column see below
SMAX N .

Value of scope to which computation

is wanted in feet,

In the discontinuous case it is

the total scope for both sections

of cable,
Cols., 2 —= 7 Decimal Point col, 6.
H Step in scope between computed

points in feet, See note in
method section,

Cols. 8 = 13 Decimal point Col. 12
FORIAT (A1,2F61)

N.17



Qutput

Card 5 This card

Program 168 p.3.

is needed only in the discontinuous

case, In this case the values of CR and U read
on card 2 are used on the lower position of the

cable,

CR2Z  New drag coefficient

Cols,

2 -1 d,p, col, 7

U2 New value of U
Cols., 11 - 19 d,p. col, 16

I55 Value of scope at which changeover to
these values is made. t muast be

integral.

Cols, 22 - 23, No decimal point,
FORMAT (A1,2F9.3,Th.)

Any number of further groups of four or five
cards as above can follow., The last data card

in the last group of any run MUST have a slash '/!
in column 1, This column should otherwise be
blank on cards 2 - 5.

The outnut on the
of the input data

of
INITTIAT, ANGLE

™ LRTOLT T
RIT, ANGLE

PSID

DELTL

oI TENSION

line printer gives the values
followed by calculated values

The cable angle at the body
The cable critical angle

W
o]

The totel downwards force on the
body (wt. + depressor dovmthrust)
The total drag on the body

The initial tension of the cable
at the body.

The dreg /unit length there would
be on the cable if it were normal
to the stream, 1bs, wt,/ft,

see ref .2

Then after a heading (¥ IRED CAR'E if UxD+1, UNFAIRED
C/BLE if Us?-ﬂ) there follows a table giving for
scopes (measured up from the body) of H, 2H, 3H etc.
up to SMX the values of cable tension, cable
inelination phi, total horizontal distance X, and
total vertical distance Z,

A finel column headed ITN gives the number of times
a successive approximation formula is applied. This
will vary from point to point with the curvature of
the cable., If ITN>3 for the entire length of the
cable H should be reduced. If ITH is one for much
of the cable H may be increased if' the intermediate
values are not required. If ITH reaches 10 the
progrem Talls and must be repeated with a smaller

value of H,



Program 168 p.l.

Method The solution is found for the "Heavy General
Cable" law of cable loading as described by
Eanmes (ref, 2).

Note that his ¥ = U in our notation and that
his tables (ref, 1) correspond to the case
U =100

Ref's, 1 and 2 make clear the meaning of the
various calculated values, The program finds
the critical angle for the cable by a bisection
method., The main configuration calculation
uses the improved Buler method for the first
step, followed by a predictor-corrector method
as described in ref, 3.

e

Note that the program takes Density Water
(Tbs/pps) = 23 £/ 2
Ref, 1 Eames, M.C. 1956 The Configuration of a
Cable Towing a i'eavy Submerged Body
from a Surface Vessel,
Naval Research Bstab, Canada Report
PHx 173
II0 no, 135.2/B/PHx1D3.
2, Tames, l.C, 19568 Steady State Theory of
Towing Cables,
{Quarterly Transactions of the
Royal Institute of ilaval Architects
110, 185-206,
NIO British Loose Paper 1L,11,68.
3. Mihoff, C.M., 1946 Configuration of a Cable
Towing 2 Submerged RBody.
Naval Research Esteb. Canada
Technical Note lath /66/1
NIO no, N35,2/C/lath/66/1.

Approx. 37 secs, for each case computed,

Programmer Translated into Fortran by Catherine Clayson.

e 17



N.I.0, PROGRAM 178

Title Braincon data reduction
Name BRCA

Machine IBL 1800

Language 182" Fortran IV

Purpose To convert data in the form of angular positions

; of the rotor and compass arcs from Braincon type
316 current meters into values of current speed
and direction, tilt direction, 11=3 and E-W current
components and displacements (in kilometres) from
and arbitrary origin., The data is output to
lineprinter and magnetic tape.

Job Description // JOB
// #*Job No,/Name/Title
// XBEQ BRCA

* RIIES(271,M%,0) X is magnetic tape number

*CCTND
Input Card
1) M RW REFR  PHER v

I7  Fhet F7.1  F6.1 F& o1
¥here MN 1s the meter number
R¥W is the width of the rotor spot in degrees

REFR is the distance of the reference spot from
the centre

PER is the recording period for each exposure
V is the magnetic variation in degrees (Wlest + ve)

2) N
17

N is the number of the last line of data.
3)  onWArdS sececccae
Data cards punched in following format
I RA RR Ch CB Thi D
6 F7e1 B7 <4 71 771 F7e1 F7-1
Vhere T is the frame number
RA is the angular position of the rotor arc
beginning
RBR is the angular position of the rotor arcend
C4 1s the angular position of the compass arc
beginning
CB is the angular position of the compass arc
end
TM is the separation of the tilt and centre spots
(in the same units as REFR),
TD is the direction of the tilt spot.
¥,18
[



N.18

Use

Eoe—y

Qutput

Method

««««« et arrasear

Oxecution time

Programmer

Program 178 p.2,

The data can be read on any machine provided
the following rules are observed.

a) The reference spot is vertically downward.

b) The rotor arc progresses clockwise with time,

¢) The angular origin is vertically upwards (o/360°)

The data is output to lineprinter with coclumn
headings and to magnetic tape without headings.
Output format is

I
X Ik

SFC
77

2

Yhere I is the

SPC
DIRT
TAT
G

is
is
is
is
is

is

the
the
the
the
the
the

DIRT TAD Ccl CE DISN DISE
F7 e T7 1 F7.2 F72 115 F11+5

line number
speed (tilt corrccted) in cm/sec
true current direction
true tilt direction
northerly current component in cm/sec
easterly current component in cm/ sec

northward displacement of an imaginary

particie from the origin

DISE is the eastward displacement of an imaginary
particle from the origin.

Error messages are output for zero or negative values
of the roter and compass arc lengths,

Bach input card provides one line of output data,

The program corrects current speeds for the tilt

of the savonius roter and for values of the recording
period different from 19 mins,, this correction is
also applied in the computation of the progressive
vector diagram coordinates,

Of the order of 3 mins. per 1Y cards (2 mins. for
1 day of record),

e J. Gould.



N,I.0, PROGRAM 181

Title Current Meter Card Checking

Nane CHECK

Machine IBY 1870

Language 1807 Fortran IV

Purpose To check for any sequencing or punching erros in the
current meter data cards,

Input Job and data cards, ILast data card having A in

colunmn 1.

Job Description //bJOB
//b*Job No,/Name/Title
//DXEODCHECK
*CCEND

Data Cards The format of the card's should be:
216, 12%, 216, L, 2I6, 12%, 216
Last deta card must have 'A' in column 1.

This is read in A1 format in the programn.

Output The incorrect cards are listed on the lineprinter,
Method The program checks first that gll the columns

contain either blanks or digits O -~ 9, Then it
checks that the last digits of all the integers
are present, By calling the subroutines RIP
and RIM, the sequencing of the cards is checked,
The value of the speed is checked -~ it should
be less than 1023 knots and if the value of
speed drops, 1t should drop by more than 9 knots,
indiceting that the rev, counter has exceeded
1023 and returned to zero, Irror messages are
printed if any of the above errors are detected.
Execution %ime  Approx, 4 mins./100 cards.

Programmer John Gee

N.19



Title Saturstion Vapour Pressure
Function VAPW(T}

1870 FPortran IV

lMachine IBL 1824/702

Purpcse To calculate saturation vapour pressure over
water

Input Teimperature in °K

Output Saturation vapour pressure in millibars

ez, X = VAPW(T) where X is the pressure recuired,

tethod See Smithsonian tables page 352 equotion (1).

The function converts the log outwnut of this
equation to actual pressure in nillibars.

Prograr R. Howarth

N.15



N.I.0.Subprogram —-26

Title

Name

oty

Purpose

Input

Method

Three point Lagrangian interpolation of hydrographic

data °

LAGIN(STAN,PRES, LST,KL)

When analysing hydrographic data several variables
are calculated at standard pressures or depths. For
this purpose the variables are interpolated from the

known pressures (or depths) to the standard,

The input variables are

1) STAN - an array dimensioned as main program of the
standard pressures.

2) FPRES ~ an array dimensioned as main program of the
given pressures.

3) LST - the number of points in the array PRES,

4) KL  ~ the position of the standard pressure in

its array which is currently being used,

Also the input variables to be calculated are passed

through common (see output section).

The quantities'calculated are

a) dynamic height anomaly
b) potential energy anomaly
¢) sound velocity

d) sounding velocity

e) sigma theta

The argumcnt is the pressure P.

We have n values of P, i=0~- (n-1)

and there is a value of the above variables say

Yi for each Pi' Then Y is required for the standard
values of P say‘Pj j=0~-(mn~1)

There are five possible cases.

(1) P <P

(2) PP < P,
(3) PSP P, for i = 1~(n-3)
(4) PSP <P _,

(5) P2,



N.I.0.Subprogram ~—26 Page 2

In cases (1) and (5) interpolation is impossible.
In the other cases two values (Y1 and YZ) of Y are
computed and Y is taken as the mean of the resulbs.

The differencee gives an indication of the accuracy.

4
Y=5 (T +7,)

i

1
e==2-(3f1 ~Y2)

The general three point Lagrangian Intei-polation formula

is, using arguments Pr—-‘! Pr and Pr .1

2

e (ox YZ) = b Y F AL A, +1 5p e q
Where A, _ (P - Pr) (P«PM)
(Pr-1 B PI')(PI\-J —Pr + 1)
= £ -
AL = (P Pr,~1)(P Pr+1)
(Pr - Pr - 1)( Pr -?rx\d—'])
A
r+l= (P-P_,) (P-Pr)
(P _ -P
o+l Pr—-1)(Pr+1 r}

Near the end of the range linear interpolation is

necessary., The formula used in each case works out as
Case 1 Interpolation impossible,

Y, -, (P-»PO)

Y-!—Jl

Case 2 p ——

=y
i
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= Y - A
Case 3 Y1 Aﬁ PR S + AiYi + A.i . Y1 1
Yo =bq¥y v 8 g T R0 Yo
Case L Y, =4 Y + A Y
—— 1 n-3 “n-3 n-2 “n-2 4 An-— 4 Yn—-‘l
Y -Y
L (P-P
2 n—2 P - P
n~1 n-2
Case 5 Interpolation is impossible,

If the range of standard pressures exceeds the

given ones -~ those outside the range are ignored,
Output The five variables calculated plus the pressure and associated
depth are output through common, Common is arranged as follows

dyoht, sdvl,sgvl,poten,erdy,erpo,ersg,ersd,dyn,

pote,sdv,sgv,dep,erde,sig,ersi,;depth,sighh,lint

Where input variables are

dynht (35) = dynamic height anomaly,
sdvl (35) = sounding velocity.

sgvl  (35) = sounding velocity,

poten (35) = potential energy anomaly,
depth (35) = depth or pressure,

sigth (35) = sigma theta,

Qutput variables arse

erdy = dynamic height error.

erpo = potential energy error.

ersg = sounding velocity error.

ersd = sound veloccity error,

dyn = interpolated dynamic height anomaly.
pote = " potential energy.
sdv = H sound veloecity.

sgv = " sounding,

dep = " depth (or pressure)
erde = depth (pressure) error.

sig = interpolated sigma theta.

ersi = sigma theta error,

Subroutines called TLAGR
Programmer R Howarth,(Taken from N,I.O.Program 58)



N.I.0e Subprogram ~27

Title

Name

Purpose

dnput

Method

Where

Output

Programmer

3 point Lagrangian Interpolation caleculation,
TIAGR(PNT,P,Y)

The subroutine is used by IAGIN to calculate a

general case of interpolation,

There are 3 input variables

1) PNT - value of the standard pressure currently used.

2) P - niddle of the three pressures used for
interpolation.
3) Y - middle of the three variables used for

interpolation,

( For more details see LLGIN,N,I.0, Subprogram —26)

The following formula is used
TLAGR = A1 x ¥, + A2 x Y, + 43 x Y,
i i+41

i~1
M = (PNT -—Pl;)v (pe-p )
(Pyq =By) = By Py uy)
42 = (PNT - P, ) = (PND = )
(Bs =By 4) = (By= Py
45 = (PNT - P, ) x (BNT -P,)

(Pivt " Pig) x (b,

vl Pi)

The subprogram is a normal function subprogram e.g.

TLAGR = Al x Y1 + A2 x¥Y2 + A3 x Y3

Ruth Howarth,



N,I,0,Subprogram =28

Title To calculate the Brunt-Vaisala stability frequency
Name DSTAF (G, TEMP, SAL, PRES, NPTS, DV)
Input G = acceleration due to gravity in cm/sec2

TEMP = temperature array in °C

£ 2 o

SAC = salinity array in / ,

PRES = pressure array in decibars

NPTS = no. of points in the above arrays

Method The stability frequency DV, or the Brunt-Varsala freguency,
is computed from the relationship derdived by Hesselberg and

Sverdrup,

2 g ,
V= -5/ (3p ng + 9p ds )
f’g or gz T P&t B dm)
Where is the in situ density in grams per co
is the acceleration of gravity in ecm/sec
is the in situ tempersture in degrees C

is the depth in metres increasing downwards

N3 me

is adigbatic temperature gradient in °O/meter

. P . [+]
is salinity in %/
oo

[#2]

p = ALPH is calculated by subroutine ALPHA

H

1
ES

GAMIA 1s cdpulated by subroutine DATG

Derivatives are evaluated by forward differencing

In the case of g—% its value in the Jjth,layer is

given by
% é : 5.8, -
55 p Tj + AT, Sj" ij
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— 1 R
when T = = T. ; o= 1 "th'

5 ( % + jos 4 ) mean temp in J laysr
-1 (s

2 Jd+ 7§+ 1 ) = mean salinity in jth, layer
.l (p, 4P

-2 J j+1) = mean pressure in jth, layer

AT= 0,1 °C

similarly for Gl with AS =0,1 %/
as 00

e DV2 is found to be negative i,e, the water is unstable,

a negative value for DV is given as a diagnostic,

Subroutines oalled SIGMO, SIGNT, ATPHA, DATG

Programmer R, Howarth ( taken from a Woods Hole program

by H, Perkins)



N,I.0,5ubprogram ~29

Title Adiabatic temperature gradient using Fofonoffs method.
Name DATG(P, T, S, GAMMA)
Input P - mean value of pressure

T - mean value of temperature in °C

S - mean value of salinity in /o

( for more details see DSTAF  N.I,O.
Subprogram - 28)

Method The formula used is as follows:~

2
YA = A XTLF%-AZ XT3+A3 xT + A xT - A5

YB = B1 XT2-32 xT + B3
2

YC = By xT «B5 xT + B6

Y:D = B?XT"‘BB

YE =C1XT—02

2
YF = (03 x3 4+ YB xS +Y4
Y& = YD x 8 + YC

GAMMA = YE xP° 4+ YC xP 4 YF

Where
Al = ~3,32998 x 10"8
A2 = 3,052, x 10"6
4

A3 = 1477539 x 10

My = 1119981 z 1077

A5 = L4.2142 x 10°°
-8

Bl = 9.2,55 x 10

B2 = A.954202X1O-5

B3 = 2,268 x 1072
By = 7.51888 x 1077
B5 = 7.62182 % 10~

-5

B6 = 2,291056 x 10

<



N.I.0, Subprogram -29 Page 2

B7 = 1,965, x 1077

B8 = 1,058507 x 10
Cl = 1,56162 x 10
2 = 4.55156 x 1070
C3 = =6,47031 x 10’6

-7
11

GAMMA (the adiabatic temp gradient) is then outputb
to DSTAF

Programmer R, Howarth (From a Woods Hole Progrym by
J. Webster)



15,I,0, SUBPROGRA =31

Title Specific Volune of Sea Tater

Liame Punction ALFIA(ATGIT, ICH0,T, P)
{lachin IBM 187X

Leoiie

Lenguage 180" Tortran IV

Turpose Thie specific volune is the reciproeal of the density,
dependant on solinity, temperabture and pressure

expressed as Qs S,7.

Input The subprogran is used as an oxdinary function, the -
input veriables being STCHT ( sce 1,1,0, Dubprogran ~Bl;~) s

Tenmerature and pressure C.le

P,CRES)

LAIPE = AZPHA(SICNT,SICHO, T

ATPIIO = 147 /160 + ST0IT x D,00¥

MPHA = ATPHO (10 +C1 2 X+ C2xTxX 4+ 03 x T xX

s
+ChxT™ xX + 05 xXx ST 4+ 66 x X x T x 3100
) 7 - )
+ C7 X SICGMD x X x T + 08 x SIGKO™ x X + 09 x SIGHT XJ).X.L

D
+ G2 x X" x 7 & Ci)qu(‘<‘xX
5 x SIGHET x X T‘+C16 X !JIG‘L;OZC X '
1

SXXBXT—CQOXX/(CZ1+CEZX3:

4
2

+ 010 x X aeC1;cX x
+C1lpxscz§:‘«r}2xfr+

1
+ 017 x SIGI\&S"X X“xTa+C

imere Gl = =2,2072 x 4070
C2 = 3.5162 x 17
C3 = =6.063 x 10
Ch = b0 x 10714
C5 = 1,725 x 10
06 = =2.16 x 10
C7 =10 x 10
C8 = =h,5 x 17
09 = =1,0x 17



Temperature in

Subprogran =31

C10 = ~6.58 x 10~

011 = =1.2006h x 17
C12 =
C13 = =248 x 10

12

-1k
2.1 x 10 G

]

-t

Cih = 1,206 x 407

-16

C15 = =2,2 x 1D

C16 =

4,8 x 10719

17 = =640 x 401

C18 =

145 x 19‘17{

020 = 1,886 x 17

Co21 =

Cr2 =

°/o0

Te2
-
" ~=0
1,33 % 17

Pressure in decibars

Trosreiziers

moase and Re lorarth,



N,IL.0.Subprogram ~32

o v e ER—

Title Sound velocity in sea water from Wilson's Ind Formuls
Name Function SDVEL (T,S,P)
Purpose The sound velocity is dependant on temperature, salinity

and pressure,

Input The subprogram 1s used as as an ord%nary function, the
input variables being temperature ( C), pressure and
salinity,

e.8, SOUND = SDVEL(TENMP,SAL,PRES)

Method The formuila used is -

SDVEL = GO % 1 x T + 2 x T%% C3 x T° 4 Ch x T

405 x X + 06 x X2 + 07 x X5 + 08 x Xh + 09 x 7

+010 x 22 + 011 xZxT+C12xXxZ2 + 013 x XZX Z
$0h x TxXxZ2+C15xXxT+016x ™ x X

+017 x T3x X 4+ 018 x X2 x T+ 019 x X2 x TZ

+020 x X5 x T

Where 7 = Salinity - 35.0 °/gp

X = 1,0/9,80655 x pres (conversion from
Newton/Sq,lietre to kgf/CH,sq.

CO= 1,449143 x 1CP
C'l: ll'o 5721
(2= -0,0h4532

)

C3= -2.6045 x 10~
Ch= 7.9851 x 1576
C5= 0,1 60272

Cb= 1,0268 x 10
C7= 3.5216 = 10
C8= -3,3603 x 10
C9= 1.39799

040= 1,692 x 10
C11e 1,124 x 1072
(12= 77016 % 107
C1%= 1,293 x 10/

5
9
12



Subprogram =32 Page 2

Cil= 3,1580 x 10"8
-l

C15= =1,8607 x 10
C16= 7.4812 x 1070
C17= L4.,528%x 1078
C18= -2,529 % 107/
C19= 1.8563 x 1077
020==1,9646 x 10

Programmers J. Crease and R, Howarth,



HoI.0, Subprosram =33

. e e

Title SIGIA T

—_— anr o o w Y,
Mazie TTON SIGUT(SICH T
Hachine Inu 4000

18 Portran IV

Purpose e density oi water depends on temperature,

sallxdty and oressure aud is defined as
¢ s5,%,p. For practical. purposes the symbol o

is used where On = (p - 1) x 10

Inprt The subprosram iz used os en ordinery functlion
. . . . z O
the input variables Dedns sirze sero (see 11.T.0
Twhprosran =3k) and temperature, For cxomple o
eoll would be:-
IR Y
= SIGHT(SICI0,mP)
liethod The Formula used is:~

262+ T xT) / (08 4T

O = (ChxT+Chx¥
+ 0 (C9+ CIOxT + C1 x T 4 Ci2 x 10)
+0 x T (C13 + C14- x T + C15 x T2)
Where Ch = L’{.,f}i’l&}l‘rZé'i
C5 =D, 515939
C6 = =0, YI082L8)022
C7 = =1,:3873506 x 17

Ci0 = =0, 1736
i1 = 0.0185 x 1072
Ci2 = =i,20h3 x 1070
Ci3 = 1,870 x 1072
Ce = =8,10h x 10 o
c

1
0
e

G

37 % 10

[N 0

-~
(%11
ft

W1
ie

Prosrariers Je Crease and R, Howe rthe



N,I.0, Subprogram -3k

Iitle

Name.

Machine

Lanagage

Purpose

Irput

e thod

Programmners

SIGMA ZERO

FUNCTION SIGHO (8)
1800 IBM
1800 Fortran IV

The density of vater is defined as ps,9,p
depending on salinity, temperature and
pressure.

For practical purposes the symbol

o is used where
o= (p~-1) x 1000

At atmospheric pressure and temperature Ooc
this becomes o0

v

The subprogram is used as an ordinary function,
the input variable being salinity, For example
a call would be

STG0 = SIGMO(SAL)

The basic formula 1s
2

c O = ~0,069 = 1,4708 ¢L ~0O,001570CL

+ 0,00003980L°
Where CL = chlorinity and

S = 0,030 + 1,8050CL

This reduces to
SIGMO = ~,093L4L458632 + 0,814876577 x 3

+ O.000L82L961402 x S 5
+ 0,000006767861356 x S

Where 8§ = Salinity

Je Crease and R, Howarth,
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N.T.0, Subprogram -3

Title Potential Temperature Calculation
Name Function POTIT (8,T,P)
Purpose The temperature that a water sample would attain

if raised adiabetically to the sea surface is the
potential temperature, dependant on salinity,

temperature and pressure,

Input The subprogram is used as an ordihary function,
the input variables beilng salinity, temperature

end pressure (decibars)

6.8, POIT = POTLT(SAL,TEMP,PRES)

Method The formula used is

-
©

POTLT:%OOOJF«GOJ#MxX+czx;\c2+c3xX3

—H~C1+XX4+C5XY+C6XK§:Y+C7XX2}CY+CS
XXEXY+C9}CY2+C’]OXY2XX+G'HXYZXXZ
s B X T 4 13 x T x X 4 Cib x ¥ 4 G5 % 2

+ 016 xZ2xX

+C17xeX2+G18XZX}C3+C'I9XYXZ+G2OX

YxeX+021xYxZ“xX2+40122xY2xZ’

+ 023 x Y xeX+G’21+xY3xZ+~G25x52

N

P26 X P x X 4 027 x 2 xX° £ 08 x 20 x Y

2 —
+CZ9XZZXYXX+CSOXZ;ZXY - )
+~C}31xZ3+GBZXZBXX‘-FAGBBXijYa-vGBh-x Z

Ythere Y = T - 10

7 =3 -~ 35
¥ =P - 3X0

and
0O = ~,398315L16
C1 = ~1,4883818k x 1o:g
02 = ~4,97276203 x 10 7,
03 = 4.714787022 x 10—-18
G5 = 0,98057309%

~5,72948L86 x 10"6

[}
N
11



N.I.0, Subprogram 35 Page 2

07 = 2,31465302 = 10710
08 = ~6,3568619k x 10, 12
€9 = 1,66218502 x 10 g
G10 = 173092618 x 10,
G11 = ~3,08648661 x 107,
12 = =5,79307228 x 10_
013 = -1.87219021 x 105
Ok = 1,75294133 x 10
015 = =3,9752kh7 x 1672,
016 = =1,17389508 x 107
017 = 442058721 x 10
018 = ~1,58646788 x 10
C19 = 1427713469 x 10 _g
020 = 3,87625563 x 10 -,
€21 = =1,21732442 x 107
622 = ~4,0501872k x 101 |
023 = =1,54641063 x 10_, §
Ok = ~2.692L6776 x 19,
025 = 1,39685442 x 10
026 = 5,961010d: x 1O~13
027 = 5,19757957 x 1075
028 = ~8,84139309 x 10 4
029 = ~2,95408321 x 19g
€30 = 1,19473357 x 10,
031 = 1,18069178 x 10 !,
032 = ~7.69559002 x 10_,
033 = ~1.89676587 x 107
3L = 2,50169382 x 10

Programmers Js Crease and R, Howarth,



N.I,O0.Program -36
Title Specific Volume Anomaly
Name Function DELV(ALPH,FRES)
Language Fortran IV
Machine IBM 1800
Purpose The density of water is a function of pressure,
temperature and salinity, (P) In practice the
reciprocel, the specific volume is used.,{alpha)
The specific volume anomely is defined as
& = alpha (pressure, temperature, salinity) -
o
alpha(pressure,0 C,35 /00)
p is in decibars,
Input The two input varizbles are
1) alph - specific volume
2) pres — pressure (decibars)
Method The formula used is

Programmers

DELV = ALPH - CO + CO x P x C1/(1. + C2 x P)
+ P xC0 xC3 - CO x CL xP2
Where
CO = 0,972643
C1 = L.886E - 6
C2 = 1,83E - 5
C3 = 2,298 - 7
Ch = 1,059 -7
P = pressure
The subprogram is ussed as a normal function

subprogram €.g.

SVANOM = DELV(ALPH,PRES)

Je Crease and Ruth Howarth,

-\



N,I.0, Subprogram -42

Title Linear Interpolation

Name Subroutine LINTN (CAUX, TAX)

Machine IRH 1820

Language 1877 Fortran IV

Purpose Gdven a set of auxiliary thermometer readings

and their corrections, to linearly interpolate
for any given auxiliary thermometer reading,

Input Data is input through the argument list and via
blank common,

Argunent PAY ~ the auxiliary temperature to be interpolated,
Gommion FRiEk! ~ no. of points

EA

AUXT =~ array containing auxiliary temperatures

LUCT - array containing auxiliary temperature
correctiouns,

Output CAUX =~ correctlon reguired is pessed out through
the argument list,

Restrictions The maximum no, of points to be used is 20,

This subroutine is used with the thermometer
coirections progran 155,

Programmer . Howarth

e






