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Explanation of lists

Each station has two tables =

a) At observed pressures:

- 'i
Column Units %ggggg; Observation Remarks z
laces e e |
1 - - serial number §
2 decibars 0 pressure Observed or interpolated i
from unprotected thermo- |
meter readings '
3 metres 0 depth Calculated from pressure
and spec, volume
L T 3 salinity Electrical conductivity
!
5 °C. 1 2 temperature
6 °C, 2 :
potential temp, % Computed from Ekman's
7 3 o ) compressibility formula
8 1/ e 1908%, and Cox & Smith's
wl/en > sp. volume 4959) values of specifin
9 ml/ gm 6 sp. voluine heat,
anomaly )
b) At standard pressures:
Column | Units %%%%%%& Observation Remarks
decibars 0 | pressure
2 dyn, metres 3 1 dyn, height By interpolation and inte=-
anomaly gration of sp, vol, anomalies
b dyn, metres 1 potential By integration of product of
decibars energy anomaly pressure and sp, vol, anomaly
6 n/sec, 1 sound velocity| By W,D,Wilson's formula (1960)
8 n/sec, 1 sounding Average sound velecity from
velooity surface to pressure p
Notes:
1s The interpolation to standard pressures is 3 point Lagrangian, Two

3e

b,

interpolations are made at each standard pressure, firstly with two
pivotal points above and secondly with two below the required pressure.
The results in columns 2, 4, 6 and 8 are the mean of the two inter-
polations and the errors in columns 3, 5, 7 and 9 are half the difference,

Largish errors are usually due either to

a) the impossibility of using 3 point Lagrangian interpolation at the
end points; or

b) +the use of 2 pivotal points very close together (e.g., at change-

over from one cast of bottles to another), This can usually be
resolved by inspection,

A1l integrations are with respect to pressure starting with the lowest

pressure, When this is not at the surface the following starting

procedures are used:

a) first depth = quadratic function of pressure determined as closely
as possible from earlier data in same area;

b) first dyn. height and pokential energy anomaly - zero at first
observed pressure in table (a);

¢) first sounding velocity ~ sound velocity at first observed pressure,

0+16 m/sec. should be added to all sound and sounding velocities as
formula used refers to absolute pressure and not pressure above
atmospheric used elsewhere,
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Introduction

This report contains a collection of oceanographic programs written
for Mercury between January 1960 and December 1961, Most of them are
special purpose programs and no attempt has been made to generalise them,
because if variations are required it is usually easier to write a new
Autocode program,

The descriptions are intended for the operator, but also contain
comments on the programming and mathematics., The following general

remarks apply to most programs, and for convenience are given under the
usval headings,

Title Fach program tape is headed by at least three titles.

2) Programmer's name ard RAE Job number,

3) Name of Program, which is given at the beginning of the
description,

(%) Column headings, if required.

§1§ N,I,0, Program number,

Code This is either Autocode or Pig II.

Parameter tapes TFor the method of punching, see Data, Usually a
parameter tape is short, so for ease of handling it is
best to stick it either to the end of the program or 1o
the beginning of the data tape,
Particular care must be taken if the data tape is the
output from another program, as then all titles must be
removed before the parsmeter tape is attached,

Data Numbers must be punched in the standard Mercury code; that is, each
number must be followed by SpSp or CRLF,
End indication In general, all program and data tapes should end with
~e> CRIF

unless otherwise specified, It is also useful to punch
6 erases on the very end of a tape,

Operation On the RAE Mercury, it 1s convenient to leave the actual
machine operation to the operators provided, The information
given in the program descriptions should be copied onto the
briefing sheet,

Qutput Blank tape is used liberally to separate groups of results,
and some tapes end with the conventional 6 erases, All
results start with a copy of the titles punched at the
beginning of the program tape.

Parameters These are not generally used,
Tine In general this excludes reading the program tape. The

approximate times given are intended only as a guide,

Method This gives a summary of the mathematics involved, and defines
symbols used elsewhere in the description, The notation does not
always correspond with the Autocode variables used within the
program,

Note This whole report presupposes some knowledge of Autocode, If
there is any doubt about punching data etc. the operator should
consult an Autocode manual,
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N,I.0, Program 25

Title Digitiser Conversion.
Code Mercury Pig IIL,

Purpose To convert paper tape punched in the N,I,0, digitiser code to
paper tape punched in Mercury teleprinter code,

Order of tapes Program, parameter tape, data,

Paraneter tape M, in Mercury %eleprinter code. This may be punched by
hond at the beginning of the data tape.

Data A tape in N,I.0, digitiser code, (3ee Method), The first
block to be converted must be preceded by & comma; no commas are
allowed before this, as the first comma on the data tape is the
signal to begin conversion, Everything (except ¥ =~ see paraneter
tape -~ if punched at the beginning) before the first comma is
ignored,

Bnd indication

At least eleven consecutive rows of erases rmust be punched
at the end of the data tape, and may begin anywhere in a

block, 1Mo blank tape nay be left betweecn the data and
the erases,

Operation (1) Reed the program tape, It comes to a 99 stop,

(2) Put the perameter tape in the reader and prepulse, When

M has been read the program punches 40 rows of blank tape
and comes to a 99 stop,

(3) Put the data tape in the reader and prepulse, The
progran then reads a block and punches a block alternately
until theerases are reached. It then punches the fault
list and comes to a 99 stop,. (See Fallure (1)).

Operations (2) and (3) mey then be repeated,
Output (1) Title,

(2) L0 rows blank tape.
Converted data,
L0 rows blanktape,
6 rows erases,

The results are punched so that four nuwrbers (that is, one
block) are printed on one line., There are two extra line
feeds and 20 rows of blank tape after every 32 nuibers;
that is, after & lines, ‘

(3) L0 rows blank tape,
M
Feult list,
L0 rows blank tape,
6 rows erases.
10 rowzs blank tape,

The faults are punched so that the block number, followed by
the fault nurber, are printed on one line, Note that the
first block number is zero,

Layout

(1) Results, The list ends with CR LF IF,
One line:
FS CR IF CR SP 3 digits SPSP SP 3 digits SPSP SP 3digits SPSP,

(2) TFaults, The list ends with CR LF IF,
One line: .
FS CR IF CR SP (Block no.) SPSP SP(Foult no.) SPSP,



Parameters None,

Restrictions (1) 0 < U € 999,
(2) 0 <P <255,
Fallures (1) ¥ > 255, the progran refuses to read any more data,

and punches out the fault list, If +this happens it may
be assumed that the data tape is too faulty to nake
further conversion worthwhile,

Time About (n + F/2) seconds.,

Method (1) Notation,

A block iz a unit of date consisting of 13 rows of tape.
Bach of the first 12 rows represents a decimal digit, and the
last row is known as a comma,

number of blocks to be converted,

numnber of faults,

number of digit rows in a block; normally R = 12,
a constant chosen so that o fault is indicated if

o2 M,
lvNJl >

= 0 s
o nH

For a block with R = 12 we define

dé = a decimal digit represented by one row of tape,
di = the true decimal digit corresponding to df
N% = a positive 3 digit integer in Watts rexleo ted
© decimal code, \
M Nj = the positive 3 digit integer in true decimal

corresponding to I'f,
oJ
where i = 0(1)11 and j = 0(4)3,

The di and the Nj afe related as follows:—~

N = 1004 + 104 + 4
0 o 1 2
N =1004 + 104 + 4
1 3 3 5
N =1004d + 104 + d
2 6 7 8
N = + d

1004 + 104
9 10

w
-t

1
with similar expressions relating the d{ and the N’,

(2) Conversion

We consider a block which contains no mistakes except possibly

Tault (&), The program reads one block and converts the al,
(\thﬂ appear on the tape in the N,I.0, digitiser code) to
pure binary, using a dictionary method. It then calculates

the new digits d (still 1n.b1nary) so that N' would beconme

Nj. Each Ns is treqted separatel

The rule here isi=

If the true digit (d ) on the immediate left of d’ 1s even,
then d, a’

If the true dlglt (d ) on the immediate left of d’ is odd,
then d = 9 - d

This conversion proceeds from left to right, so the "hundreds™
digit is always unchanged, The N, are calculated from the
di by direct multiplication and then differenced and punched,
The prograi: then proceeds to read the next block,

No3



(3) TFaults.

The program can detect five distinet faults in the data tape,
and when one of these is found the current block number and
the fault number are added to the fault list, If there are

no mistakes, the fault list only contains one entry, nanmely,
fault (0) for block O,

Fault (1) 0 <R <11,

Fault (2) Either 13 € R < 24 or R = 26,
When either (1) or (2) is encountered the prograi
replaces the R digits by 12 zeros,

Fault (3) If one or more digits belonging to Ng are not

punched in the N,I,0, digitiser code, then all
3 digits belonging to Nj are replaced by zeros.

Fault (4) I lVNj] > U, fault (L) is recorded for the block
~to which N_j belongs, but no other action is taken,
Note that bﬁj = Nj - iji. This fault is usually
unavoidable for the first number in the first

block. Also Fault (3) can produce Fault (L)
twice,

Fault (5 R = 25, This means that a single comma has heen
nispunched., Conversion proceeds normally for
the two blocks involved, and fault (5) is recorded
for the block terminating with the nispunched

COmma, ,
Notes (1) The N,I.0, digitiser tape code is:-
Code Meaning
100+00 0
00001 1
100¢11 2
000510 3
10110 L
01110 5
11010 6
01011 7
11001 8
010400 9
011011 Corma

A ™" represents a holc on the tape,

NTO FE Feadi wos .
5) an ooy
) 19 Lsay a6se
3>‘ o alhg i
F)

. (g ok:scs e
5») g =8

/ 1 k€1

£

N,3
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N,I.0, Prosran 26

Title Allometric relatioaships of squid beaks,
Code Mercury autocode.

Purpose To determine the relation between pairs of series by fitting a
logarithuic least squares straight line,

Order of tapes  Progras, parsmeter tape, data,

Paraneter tape £ (fanily number)
t

Data P (x~group label)

100x, for i = 0(1)n-1

q  (y~group label)
I
100y, for i = 0(1)n~1

End indication None,

Operation Read the program, parameter tape and data in that order, and
leave until results are punched and more data is called for,

Output s J P a
a b o}
o Vo YE TS
TR P i
*p Y, TS V2

Parameters  None,

1 € n,n £ 225,
2) m =n for any one palr of series,
3) All x, and vy must have 2D,

Restrictions (1%

Failures (1) m 4 n., The progren comes to a 99 stop., A prepulse
causes a new femily number (f) to be read,

Time This is difficult to estimate, but one group of 1000 terms would
take about 5 minutes,

Method The syuwbols used are

f = fanily number
t = number of runs in family £,
In the output j = 1(1)%t.

= X=group lobel,
= y~-group iabel,
n = number of terms in x-group.
n(=n) = number of terms in y-group.
The other ocutput symbols will be described as they arise,

Given two sets of mumbers x, and y,, i = 0(1)n-1, we require two
constants a and b such that

vy = oau, + b, i=0(1)n-1,
where v, = ].ogmy:.L and ui = log1oxi.

The best straight line, which minimises the sum of squares of
the deviations of vy from the line, is given by
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We also require the standard deviation o, defined by

o* = LY g

where the residual Ri is given by

R, =v, -—au, ~b,

i i i
The results are to be plotted on log-log paper, and we require
enough information for three lines; namely, the best £it, and
& line either side to glve some nmeasure of the accuracy, Three

points are calculated on each line,for argusents X5 % and x ,
as follows:~ ! ®

¥, ¥, and y  correspond to v = au + b, (the best fit)
Yo y1+ and Y+ correspond to v = au + b + 20,

and Y, y‘~ and y,” correspond to v = au + b -~ 20,

(1) After this programn was in production it was found that O is
not the best estinate of the error.
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N,1.0, Program 27

Title Salinity Tables,
Code Mercury Autocode.

Purpose To prepare a table of Salinity against Relative Conductivity for
use with the N,I.0. Salinity Meter.

Order of tapes Progran, data,

Parameter tape Hone .

Data n follawedby by, i = o(1)n (See Note (3)),

End indication  None,

Operation Read. the program, followed by the data,

Output A table of salinity S(3D) against relative conductivity L(4D)
for

for L = 1.0000(0001) 1-1299,
For this range 3 approximately satisfies
35 € 8 < 40,
The output needs some modification (see Note (2)),
Parameters None 4

Restrictions (1) 0 < n £ 20,

Failures .  If any IASI 2 005 a Fault List is punched after the table,

Time About 5 - 10 minutes,
Me thod, The salinity is compubed from the "least squares" formula
& | B
§= ) b,L (See Note (3)):
i
=

Notes (1) This is = speclal purpose program, but the range could be
altered by simple nmodifications to the program,

(2) Spaces are punched instead of non-significant zeros, and
these spaces should be replaced by zeros if the table is
meant for general publication,

(3) The coefficients bi were obtained using the least squares
nethod, with RAE 109/A, The date vosi-

Relative Conductivity Salinity
0« 7670 252311
0087836 30026k
Oo92281 32000
091869 33000
09741 3L.-000
099329 Ble735
1+00000 354000
1202545 362000
1+05002 374000
107603 38+000
1010410 55000
112690 409000



The final table iz given in "Conversion tables; Bridge reading
to salinity", prepared for use with the thermostat salinity meter
(Design No, NIO/4777). It replaces the incorrect table previously
given in the Handbook,
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N,I,0, PROGRAM 28

Title
Code

Purpose

Properties of Sea Water, I,
Mercury autocode,

Various properties of sea water are calculated from the sets of
readings of pressure, temperature and salinity talen at a
station, Some results are given at observed, and some at
standard, pressures,.

Order of tapes  Program, paraneter tape, data,

Parameter tape T = ambient temperature; +thet 1s, temperature reading

Data

of salinometer,
m (n € 19)
a, listed for i = 0(4 =1,

Do not end with an -3 indication,
The standard values of pressure required in Calculation (3)
(see Method) are defined by

P = ao(a‘>az(a3)a4 svevoos am~3‘am-2’am~1

where m must be odd, D¢ not punch brackets,
T must ve punched., There are 3 albernatives:-
(1) T =15
(i) T = 20
(1ii) Any other value, For convenience punch T = O,

i

The data for one station consists of i~

(1) A title. This may begin with CR, but may not contein
another CR before the final CR LF, Any other symbols may
be present, provided the number does not exceed one
teleprinter line; +that is, 68 printed symbols., The title
must end with CR ILF,

(2) n = the number of samples to follow,

(3) P, 100t, 10008, , listed for i = o(1)n~1.
These are integers, Do not end with an -~» indication.,
A sample consists of a line of 3 readings; that is,
readings for one value of i, It should be punched on a
line by itself., The pressure (Pi) is in J1oke/sq om, the
temperature (ﬁ.,QD} in °C, and th& salinity (S.,}D) in %
as usual., + .
If t, is missing, punch 100t, = 9999.

It Si is missing, punch ‘IOOOS.l = 99999,

Forany one i, elther or both of t, and Si may be missing,
Pi must be present. If PO is swell (PO = 1, say) then
punch P = 0. See Wote (3).

End indication None,

OEeration

(1) Read the program tape in the usual way, VFhen the
program has been read it stops on an —» indication.

§2) Put the Single-Continuous key to Single,

3) Put the parameter tape in the reader, return the Single-
Continuous key to Continuous, and depress Key 9, When
the last character has been read, the program comes to a
halit,

(L) Put the 4 ta tape in the reader and depress Key 9,
When one station has been dealt with the program comes to
a halt,
Operation (&) may then be repeated, but never touch Key 9 uwatii
the new dats tape is in the reader,



(X

If a new parameter tape is reguired, then the program must
either be restarted or read in again, See Note ?

Output After the general vprogram titles, the output for each station
consists of':-

(1) Station title,
(2) Results at observed pressures.
(3) Results at standard pressures.,

All the sectlons are clearly separated by blank tape, and the
tape ends with 6 erases. The listing for a typical station
is attached,

In section (2), if either or both temperature and salinity were
nissing in the data, an asterisk (*) is punched in place of
each missing value., The pressure and any remaining data are

punched for the relevant lins, but no other results appear on
that line,

The quantities punched are:-

Resul@g_ﬁg)
Sample number
Pressure (de01bars 1nueger)
Depth (netres 1nte er>
Corrected galinity (,, 5D)
Temperature (°C, ?D)
Potential temperdture (°c, 2p)
Sigma t (3D)
Specific volume (5D>
Specific volume anomaly (1D)

Results (3)
Pressure (decibars,integer)
Dynamic height anomaly (ymaric netres, 3D)
Potential enerzy anomaly (2D)
Sound velocity (metwesxsec 1D)
Sounding velocity (meuwos/sec 1D)
All values (excﬂnt pregsure) are followed by the interpolation
error,
Unspecified uwiits are irrelevant,

Parameters None,

Restrictions (1) 1 <n <50,
(2) n < 19, and m is odd,
Failures None ,
Time About {Helnudil) seconds, where N is the number of standard
Pressures,
Me thod Introduction

The complete calculation for one station will be described. A
station consists of n sets of data, where one set of data

(or one sample) consists of three numbers - pressure,
temperature and salinity. Before any further calculation is
attempted, the pressure is converted to decibars (if not
already in these units) and the salinity is corrected if
necessary. See Note (5).

Suppose the corrected and original salinities are S and s

respectively, and the ambient temperature is T, If
s €35, then S = s for any T,
and if
s > 35, then S =5 + ¢ (s = 35) if T = 15°C,
and S = s + 01(8 - 35) if T = 2000
and S =s 2 it T 4 15°C amd T 4 20°C,
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Migsins date

If the pressure is missing, the whole sample must be omitted.
It either or both of the temperature and salinity are missing,
but the pressure is present, the sample is included in the

station, but it is not used in any calculation except possibly
a salinity correction,

The progran

This is in L chapters, 3 for computation and one mainly for
organisation (Chapter 0). The calculations fall into three
digtinet sectionsas follows:-

(1) Quantities depending on only one sample (chapter 1).
(2) Quantities depending on several adjacent samples (chapterZ).
(3) 1Interpolation to standard pressures (chapter 3).

b

n-1, and the

corrected values, not the original readings, are conmnsidered in

the following description. Other symbols will be defined as
they arise.

The ith sample consists of 3 values, pressure (Pig
temperature (ti) and salinity (Si), where i = 0(4

Caleulation (1)

For a sample i, there are 5 quantities which depend on P,, ti
and Si only. They are *

sigma t

il

specific volune
specific volume anomaly
potential temperature
sound velocity

< D ;ma
dﬂ
Htan

and all are defined as polynomials in P, t and S. In gcuerals
the polynomial coefficients bj’ and the other constants Cj’

Lave been obtained by the method of Least Squares,

We first gefime

o
o = > b S €D
o
and then
3 \"3.". fi\
r r \ » 2, r

o, = Ebm—at + jbfmat + 0’°> br+at + O t> ,bI‘-Hzt . (2)

r=0 r:é f;b f;b

c + %t .
3

To definc « = a(S,t,T) ond-8 = 6(S,t,P), we require

«(S,t,0) = (1 + 040-1:)-1 (3)
and ¢(35,0,P) = > "bmm Pt ()
T=o

c +¢ P
8 9

whence
3. 2
- T T
S £.F) =D + P t + PO b
p T 0 15 . Ttie ) 420
272 =0 f;O
1 2 2.
2 r 2\ r 2 r
+ PO ) £ + P b + PO > b
o/ 23 25 o/ T+z28
r=0 r=0 =0
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1
+ PO > b tf b Pt -cP (5)
33 5
=

and 8(8,%,P) = «(8,+,P) - «(35,0,P) (6)
All the constants in eguations (1) to (5) come from (1],

A new formula for the potential temperature has been derived,
by fitting a least sguares polynomial to the results from
N,T,0. Progran 32, The various steps of the calculation can
be followed from the Method descriptions of N,I.O0, Programs 31,

3L and 32, in that order. The least squares program used was
RAE 195/A, (See also Note (1)).

The polynomial is

A A& 4 ,
. ( .
6= O% 300 e - A\ _ n
/ .> . > ,.b165+4m+n+59 (»-3000)" (&=10) (3-35)" (7)
f20 m=0 n=o0
where <+n+n < L4,

Finally, the sound velocity is defined by

V = bza + AVﬁ + AVP + AVS - Avstp (8)
where
3
N, =t ) b (9)
t T3 ?
r=0
3
\Y2 — r
AVP =P Ibr+43P , (10)
=0
7‘ — - - 2
&g =v (5-35) + b (5-35) (11)

A = (8- " 2
and Vstp (s 35)(b49t b P +Db P bsth)

2 .
+ Pt > b 5 4+ Pt >
) I+53 /

L

bt +b P (12)
+I 58
1*“50 :b

56

The coefficients used in equations (8) to (12) come from [2]
The sound velocity is the only case in which the pressure is in
kg/sqon and not in decibars,

Calculation (2)

There are L4 quantities obtained by integration, and these
depend on several values of i that is, on several samples.
They are

D = depth

AD = dynamic height anomaly

X = potential energy anomaly
V = sounding velocity
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The general formal definitions are

P,
by = 0101; " a(s,%,p)ap | (13)
o]
r P,
o =c | F8(s,t,p)ap (1%)
P
[+]
Py
Xy = 010/‘ pd(8,t,p)dp (15)
(Po
1 [F3
V= 5] [ Vap (16)
i/o

The constants ensure that P may be given in decibars,

Since P is given at unegqual, butfalrly close, intervals,
integration by the trapezium rule is convenient and adequate,
The formulae used in the calculation follow, and in all cases
we define for convenlence :

%h, =P, - P, ,
i 17 Ti-g
c(i = di(S,t,P>,

anc't5:.L = Si(S,t,P). (17)

Thus we have

N — i s 2
Dy =Dy +C bl +ay ) forizt, (18)
and D =C (C P ) +cC (c P)3, (19)
0 ] 10 © 8 10 ©
Similarly
D, =D, +C h.(8 +38 ) forizA (20)
1 1~1 11 L7 1 =1
and ADo = 0, The potential energy anomaly becomes
= i 2 2
Xg = Xg +C (0 + P, 8 ) fori > (21)
and XO = 0,
Finally we have
PV. =7, V. +n(v.+V. ) ' (22)
11 d- 4 14 1 1 11
and v =V
o] o]

When Calculations (1) and (2) are complete, the first table of
results is punched, No interpolation has yet been attempted.

Calculation (3)

Some of the quantities calculated in Sections (1) and (2) are
required at standard pressures, and these are

Dynamic height anomaly
Potential energy anomaly
Sound velocity

Sounding velocity

%
>
<<t U
onouou

The argument is the pressure P,

N.3
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The interpolstion for each variable is carried out in an
exactly similar way, so only one variable, y say, will be
considered,

We start with n values of Pi’ 1= O(1)n—1,and there is a Vs

corresponding to cach P,, Then y is recuired for certain
specified values of P denoted by'Pj, 3= 0(1)M-1. CGenerally

Pj is specified at ecual intervals, but the intervel may vary
over the range of P, (See Parameter tape). We now consider
one value P for which y = y(P) is required,

There are 5 possible cases.

(1) P < P
(2) PSP < P1
3 " s At N
(3) P, <P <P, foris= 1 (1 )n~3
(L) P sPx<
N =2 = 1¢
-
(50 P>p

In cases (1) and (5) interpolation is impossible, In the other
cases two values (¥ and Y ) of v are computed, using different

134 2
formulae or slightly?%%&%ﬁ%g%s, and v is teken as the mean of
the results, The difference e gives an indication of the
aCcCuracy. Thus we calculate

y=2(Y +Y)
1 2

and e

2y -7 ),

In general the Lagrange 3 point interpolation formula is used.
If the arguments are P_. , P and P_ , then
r-¢° r T+ q

Y1(or Yz) = Ar—1yr—1 + Aryr + Ar+1yr+1 R
-« - - Vv .
where Ar—1 = (P Nr,(” ‘r+1>
&) - - \
Ve Pr)(Pr~1 T i

r e 1 T ¢
4
Pl P (P Pr+1)
and A= (= - PI‘“‘)(P - Pr)
- v - D
(Drn1 Pr—:>‘Lr+1 *r>

Neer the end of the range linear interpolation is necessary,
We can now list the formulae used in each case,

Case (1) Interpolation is impossible,

v e L - - P
Case (2) L =y, +y, -7, (P o)
P ~-P
1 Qo
= Ay A A
Yz To ¥ 1y1 " 2y2
3 Y =4 LY A, i
Case g}/ 4 ""3'_...137:'\_-1 + !\i')i * 1.+1y1+1
o= < A i, .
3’.2 Aiyi + R A + Al+2yi’i;2~
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Case (&

<
i

= A + A + A
q ﬁn~zyn~: n~ayn—z n—1yn*1

Yz = yn-‘z * yn__1 ;:):{l_:.?. (P - Pl’l-'z)
P - P
n~4 =2

Case (5) Interpolation is impossible,

During interpolation each line is punched as soon as the
calculation is finished, Any specified pressures which fall
outside the range of data given are ignored completely,

The least squares trivariste polynonial for 6(P,S,t) was
obtained in 6 stages,

(i) T(P 3 t) was salculated for specified values of P, 8
and t (N I1,0. Progran 31)

(i1)  Results from (i) were scaled and rearransed,
(M,I.0, Program 34),

(111) A least sauares polynomial was fitted to I'(P,S,%).
¥y
(R.AGE, 195/4),

(iv) 9( .5 t) was obbalned from an integral equation, using
the polynonlaW to caleulate T'(P,S,1t). (¥.T.0. Probran 32),

(v) Results from (iv) were scaled and rearranged,
(11,T,0, Program 3k4),

(vi) A least equares polynomial was fitted to 6(P,3,t).
(Ro4.E. 195/4),

The polynomial coefficients and other constants are listed at
the end of the program tape.

If several stations are punched on one tape, there must be at
least five rows of blank tape -~ and nothing except blank tape -
between the final SpSp or CRIF of one station and the first

CR of the next title, The final number of a station must be
followed by two characters only,

If the program is restarted (Keys 1 and 9) the last two blocks
o the program tape must be reread; that is, the constants,

If the pressure is not lenn in /10 B /sq o1, 866
T.I1.9, Prora 36, : '

[1] Fisheries Research Board of Canada, l,R.27,
By N.P, Fofonoff and C. Froese,

(2] w.D., Wilson. Speed of sound in sea water as a funohion
of salinity, temperature and pressure,
J, Acoustical Soc, America, 32, 6, p.6u1 (1960),
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N,I,0, Program 29

Title

Code

Purgose

Wave Prediction,
Mercury autocode,

To predict the r,m.s. height, dominant direction, and
dominant period of waves in the North Atlantic. The wind
speeds and directions are given at the time for which the

prediction is required, and also 12, 24, 36 and 48 hours
previously,

Order of tapes  FProgram, parameter tape, data.

Parameter tape m n

Data

m = number of ruws; 1 = O(ﬂ)m~1
n = nuwber of columns; J = 0(1)n-1.
There are 5 groups of data, one for each time, A group is
headed by the time u,, This is followed by lines
i3 Wij vij
for as many i,j as have a non-zero Wij (for that ue). The whole

group ends with -1, The full possible range is i = O(1)m~1,

J = O(1)n—1, but in practice many entries will be zero., There

must be at least one entry for i = m-1, even if this means
punching Wi = 0.

The rows must be punched for decreasing i, which means reading
down the sheet in the usual way (see Method), The values for
one Iow (one i) must be consecutive, and within the row the
values of J must be punched with increasing magnitude, The

5 values of u, are

0000, 1200, 2400, 3600, 4800

and the groups must be punched in this order, Always punch
L digits for U, Note that the prediction is required at

u& o L}BOO,
Wij is the wind speed in knots to the nearest integer, and vij is
the wind direction in degrees to the nearest L45%, and 0 < vij < 315%

The uwsual wind convention is followed; that is, winds from the
North, East, South and West have directions 0, 90°, 180° and
270° respectively, '

End indication =1 is punched immediately after the last Vv, in a group.

Cperation

Output

Both the parameter and data tapes end with --> CRLF,

Read the program, followed by the parameter tave and data tape.
All the data is read before the calculation starts, Vhen
the results have been punched, more data is called for, A
new parameter tape, followed by new data, may then be read.

After the titles, m and n are punched, The results appear
in 5 columns, headed Row, Column, Height, Direction and Period,
One line corresvonds to a square, and the squares are given in
the same order as the data. The 3 predicted numbers are:-

Height (r.m.s.)(feet, 1D) .
Dominant direction (to the nearcst 45°j current convention),
Dominant period (to the nearest 3 seconds),

The output ends with blank tape and erases,
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Parameters d, the length of sguare side. Here 4 = 200, and no

other values have been tried.

Restrictions g1) mn € 180

2) n <16,
Failures None.
Time Some test case times are: n time (mins)
5 5 5
3 9 11
3 12 15
9 12 60+

lethod (1) Introduction

The North Atlentic is divided into squares, and the
average vwind speed and direction in each square are
given at times 0000 hrs, 1200 hrs, 2400 hrs, 3600 hrs
and 4300 hrs, The program predicts the r.u.s, height,

dominant direction and dominant pericd of waves

resulting from the wind data, Results are given for
each square at 4800 hrs, All constants are listed in
the program,

(2) TNotation

d = side of square (miles)
m = number of rows
n = number of columns

(1,3)

the co-ordinates of a square, or, where more

convenient, the centre of the square, The range

is 1 = 0(1)m=1, j = 0(1)n-1, and the numbering
starts at the SW corner, so that 1 increases from

S to N and j increases from W to Ik,

©
H

period (seconds, to the nearest 3 seconds)

a = 3(3)18 .

f = frequency (f = a !

Wy o= wind speed in (i,j), (knots) (probebly 7s
geostrophic

vyy = wind direction in (1,3), (nearest 45°) (See Data)

The program replaces v by v £ 180, where the sign
is chosen to meke 0 € v £ 180 < 360, and works
with the new value throughout., This new value
is called vij in the following description,

L ¥

hij = r,n,53, wave height in (i,j)

13 = dominant direction of waves in (i,j)
Zij = dominant period of waves in (i,j)
g1y = initial energy in (1,3)

s
o(2)

u, = time, Here u = 0000, u = 1200, +o0 u, = L4800

ij = emergy in (i,3) due to the influence of the wind
in (i,J) and other squares, There is one
velue in each direction, s = 0(1)7, where s = 0

. . e ~ : . s
implies I and so on,. There is one ey for each

period,

x;5 = emergy total over all directions in (i, J)

Thus T
_ (s)
o) oL
8=0

;8

(1)

ij = total energy in one direction in (4,j), taken

over all periods, Thus

(s) (s)
Tig T/ %4
a=s3
where a = 3(3)18,

(2)
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Where no contfusion is likely to result, wo vrite y_ and e
s

j L d

In the description of energy calculation all angles are made

to satisfy

-180° € angle < 180°, (3)

unless otherwise stated, The constants include conversion
to radians where necessary.

instead of ygz) and e

Initial Energy

We define 2 %
- 2 ;4 - - (f "'fo) _1 l
Byj = 5T OV exp [ﬁc1(f =F %o (&)
-
where f = oW 5 (5)
and g5 = 0 if 01(f - £+ cz) < 0, (6)

Tyoe of energy spread

There is an angle ¢, depending on wind speed and period only,
which influences the amount of energy to travel in each
direction, It is defined by

¢ = 005_1(5&/Wij) if Ly 2 3a (7

and ¢ = 0 if Wij < Ja. (8)

General time loop

For a fixed period (a), there is a separate calculation for
each Upe The general case deals with u, = 0000, 1200, 2400

and 3600 hours, and we define
u = 4800 - U, > C, (9)

Consider a square (p,q). We can caloculate the magnitude and
direction of the energy (if any) comtributed to (i,3) by (p,q).

Let R = distance of (v,q) from (i,j) (centres),
and 0 = bearing of (i,j) from (p,q); +that is, the direction
of travel from (p,q) to (i,3).
A4
Then R = dl(p - 1)® + (q - 5?)? ) (10)
and 0 = arctan <§=§w%>, 0 £ 6 < 360°, (11)

The choice of numbering squares (see definition of (i,J))
ensures that 0 lies in the correct quadrant, :

Let d2 = distance moved by energy of period a in time u,
Then dz = aucé/100 (12)

There is a contribution from (p,q) if two conditions are
satisfied; namely

o >0 . 1
Soq (13)
and &2 - <R < dz + %A, , (14)

unless 4 - 4 < 0, in which case we replace (1k4) by
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1T<R<d + %d (15)
The magnitude of the energy is

e :/d E(@)d@, (16)
6

where E(0) = gcsgméxp {—04(9 -V 4 ¢)2}

+ exp ?—04(9 -v - ¢)2§} ’ (17

and where o_ = 1/28V(2m), (18)
o, = V/20%, (19)

and A = /6, (20)

assuming all angles to be radians, The values
g, v and ¥ refer to (p,q).

E(0) is integrated over the angle subtended by
square (7,q) at the centre of (i,3). When R >> d,
a sufficiently good approximation is

e = % E(6) . (21)

When R = 4, e may be evaluated by means of (21), and
then replaced by 0106' This constant 010 is estimated

graphically,
The direction V is calculated to the nearest 45°, by

V=vas+dford=-225°<6a-v <oy 205

where ¢ = 0, * 45°, * 90°, * 135°, (22)
and V = v - 180 for -180° < 6 - v < = 157%° (23)
and V = v + 180 for 157%4° < 6 -~ v < 180°, (2u)

Taking (i,j) as Tixed for the moment, the above process
is repeated for p = 0(1)m-1 and q = 0(4)n-1, For one
time u,, the total energy contributed to (i,J) is

added according to direction., Thus for each Uy, each
(1,3) has 8 entries e, 5 = 0(1)7.

Final time loop

For the same fixed period (a) as aliove, we still have to
deal with U, = L800 hours, This gives u = 0, Clearly

(p,q) and (i,j) coincide, so R = 0 and formula (Zﬂ) is

not valid, Instead we must integrate (17) about the
selected directions

V=0, ¥ 45°,  90°, £ 135°, -180° (25)
This involves the error function, difined by

Erf(x) = 5% /Qxexp (-t?) at, (26)

and which may be evaluated using a well-known

Chebyshev polynomial,

Consider the first exponential in (17).

Let ¢ = 08(6 - v + ) (e7)

where ¢ = /602 = e , (28)
4
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Note that c, in the program includes conversion to radians,

Then 4$ = c 0 (29)
2
and 11 = /; exp {—04(9 -V 4 ¢) } ae (30)
=2 | exp (~¢7) a9 (31)
/B 9
= g% i‘ﬁrf(B) - Erf(A)} (32)
20| ;
where é} = OB(V - v + ¢ £ 22%°) (33)
Similarly
I = iﬁ KTETE(D) - Erf(c)i (31
2 2.08 i )
where g} = oB(V - v = ¢+ 20Le), (35)

Thus, from (16), (17), (32) ana (34),

e = gc%ﬂﬁrf(B) - Erf(A) + Erf(D) - Erf(@j? (36)
ESV% i h
where o, =5 =5 (37}

8
This process is repeated for all (i,j), giving § entriec

e in each square as in the general case,

Freguency loop

For one period or frequency cach square has 8 entries e
for each of the 5 times U Thus a specified

direction s has 5 values of ey which are not added up, but

the maximum value 1s selected and the others are discarded.,
This chosen value is known as e for the periocd a.

We now have 8 entries per square for each period, and
various combinations of these values give the final results,

Totals
These refer to one square (i,j) only.

Let B = grand total of energies in all directions and over
all periods,

18, 7
Then E Z X5 = > ‘y.f;), where a = 3(3)18, (38)
8=

e~

8=0

and the root mean square wave height is given by

hij = chE, (39)

The dominant direction bij is the direction for which ygz)
is largest., Thus

bys = 4Ds, for the relevant s, (20)

The dominant period zij is the period for which Ly is largest.,
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(10) The Program
A block diagram follows., Many of the results described

above were obtained by short cut methods, Fox
example, the maximm e_ (see Section (7)) was
o]

selected during the time loops, not at the end, and

as soon as a new value was computed it was added into
the sum,

Block Diagram

Set constants

N

Read‘data

fS
i : % Select a & f

N

! % Select u,
‘W

o)) ine
%5 N \\EJ
Store max e(U> Store max e(s)

s . v e

] |

S

Punch results

Notes e
HEALSER Jump to read
g; 5 means "g for all i and j" nore data

N.3
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N.T.0, Program 30

Title Radiant heating of a translucent solid,
Code Hercury Autocode,

Purpose To solve the partial differential equation for various parameters,

Order of tapes  Program, data,

Parameter tape None

Data P
x; 5 listed for i = 0(1)p-1.
q
tj , listed for j = 0(1)q~1,
r

n, listed for k = o(1)r-1,
S

End indication  =» CRILEF

Operation Read the program, followed by the data, When one set of
results has been punched, more data may be read,

Output O(Xi,tjﬁnk) is punched in floating point (8D) and fixed point (8D1)
for i = 0(1)p-1, § = 0(1)g~1, k = 0(1)r-1,

Parameters None,
Restrictions 1 € p,myn € 51,
Failures None,

Time About pun/l0 minutes,
Method The equation is

with boundary conditions

OsOa’ct:O
a8

s e 0 oag 7 o=>
on

o

‘“‘Q‘SHG&’GZ:Oe

e

The theoretical solution has 3 cases,

(1) Any n except n = 0 and n = 1

6 = ~(~1) + ﬂgi 7(0) - §%§§T>F(1) + ET%:T)F(n) + T .
(2) n=o0

0 = -3F(~1) - zF(0) + 3F(1) + £+ £,
(3) n=1

0 = ~ir(-1) + 27(0) =+ f1F(1) - £+ f .
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We define

f=2t+z—--é*

1 27
fa = G—Z<ey - 1),
ZJ@ 2

fS - -\/-—”- eXp ("X ),

and F(n) = eﬁErfC(a),

- where
Z
X = e,
2Vt
f = nz + nay,
« = x + o',

and Erfe(q) = 2;/’ exp (=u?) du,
Y ¢

The calculation of 6 is straightforward, except that cancellation
takes place and the full 8 decimal places provided by lMercury
autocode must be used, to ensure that 3 significant figures are
valid in 0, at least for large t.

F(n) presents the only problem., We may write
F(n) = 6(a) exp (~x%)
where G(«) = Brfc(a) exp (o),
since ¢, £ and x are connected as above,
The caloulaiion of G(a) falls into 3 parts, and the method
chosen depends on a constant c. In practice ¢ = 6, as this

gives8 significant figures throughout the range,

(1) « > ¢c. Here the asymptotic foxrmula for Erfe(a) is valid,
and so

6(a) = LN a_(2¢%)7F
aVﬁ ii. r “

=0

where ar = (-1)r 113,5.90,09(2r - 1), r 21

and a =1,
[¢]
(2) 0% 4q¢<ec.

[+ o]
Since G(4) = 2. exp (dz)/j exp (~u®) du,
T "

it also satisfies

ag = 26 - 2
du Vr
Differentiating r times and putiting
r (r
Tr =h . 9( >Q
T
! dy
glves T_ = 2¢h T + 20" T
e e e P
r r
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with T‘ = 2¢7T = 2h

and T =1,
O

?hT recurrence relation converges reasonably quickly for
h| € 0e5, ‘

A table of G(¢) for « = 0, 1, 2, ..., ¢ was put into the

progran, so that any 6{«) could be obtained by Taylor Series
interpolation, using

Glq + h) = Tt 'r1 + T 4 sas
where =05 € h < 0.5,
(K<O.
Here G(¢) = 2 exp («?) - G(]d{)p

where G(|a]) is obtained as in (1) or (2),

None,
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H,I.0, FProgram 31

Title Adiabatic lapse~rate,
Code tlercury autocode,

Purpose  To calculate the adiabatic lapse~-rate T(P,s,t) for specified
values of pressure (P), temperature (t) and salinity (8).

Order of tapes  Progran, data, (See Note (1)).

Parameter tape None,

Data This is divided into n groups, each group corresponding to one

value of P,, i = 0(1)n-1.
1
A group is punched as follows:~—
P, (decibars).,
q, followed by a list of tj(°C),j 0(1)q-1.
r, followed by a list of sk(%o),k = 0(1)r-1.

il

Thus the whole tape contains:=

n, followed by the n groups.
A1l values punched must be integers,

nd indication  ~-> CRLT,

Operation Read the program, followed by the data, The results for one
group are punched before the next group is read,

Output For one group, gr lines are punched, each line containing
P+t s T(p,3,t)
in that order, Note that in the title T is replaced by G,
In all ceses P, t and S are integers and T(P,S,t) is in floating

point form to 6D,

Parameters None,

Restrictions 1 €n, g, » € 100 (See Note (1)),

Failures  #one,
Tine About (nqr)/32 minutes,
Method We assume that the program has selected values of pressure (P),

temperature (%), and salinity (S), and the calculation of
T'(P,S.t) for this typical set of values will be described,
The formula for T(P,S,t) is

ol T 9 P
r(r,s,t) = . 2ufs.8,2) (1)
100JC(8,t,P) ot

where T = t «+ 273, (2)

The definition of a(S,t,P) is exactly as given in N,I,0. Programz3
and so the comstants b,, i = 0(1)33 and c,, i = 0(1)7 from that
prosram are also requi%ed here, The derivative is given %o
sufficient accuracy by

i%(wﬁg = d(Sst + %s P) - C((Sst - %:P) (3)

ot P :

Now JC,(S,%,P) = J0,(8,%,0) -~ 107°T i‘/\ —< gp (&)
= I 40 0 Btz
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The pressure integral is given by a least squares peolynomial,
namely

P 3
’1‘ 82 dP = F’> r . Pf:‘z Riay i a +
1()# o suun-.% . L ar+at + a.12 0 4+ «U(ﬁ.13 - ‘4 )
ot r=o
# o, ra 0) v P Pa va 0) (D)
15 16 17 13 19

The coefficients come fron {1].
Also

. i a0 g2 2 . 2 \
JCP(S,t,O) =2 + w3<t + a1S + qu + ao) + aSS + aéS (6)
where this formula comes from EZ}u

A 1ist of the a., 1= 0(1)19, is io the program,

(1) This is a special purpose program, and the program and
data arce all on one btaps, The results arve intended

for use with RAE 495/&, which fits a least squares
polynomial to T'(P,8,t). This imposes the additional
restriction

ngr € 200,

(2) The constants used in the calculation of P(P,S,t) are
listed at the end of the program,

References [1] Fisheries Research Board of Canada, M,R.27,

N.P, Fofonoff and C, Froese,

[2} R,A, Cox and N,D, Smith, Specific heat of sea water.
P.R.5.4, 252, 1,51 (1959),
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NT,0, Progrom 32

Title Potential Temperature,
Code Mercury autocode,

Purpose To calculate the potential temperature €(P,S,t) by solving an
integral equation, for specified values of pressure (P)
temperature (t) and salinity(S).

b4

Order of tapes Program, parameter tape, data (see Note “Nn.

Parameter tape AP, the interval of integration.

Data This is divided into n groups, each group corresponding to one
value of P, i = o(1)n-1,

A group is punched as follows:-
P, (decibars)
q, followed by a list of ti(°C), b

il

0{1)g-1.
r, followed by & list of Sk(%ﬁ, k = O(1)r~1.

Thus the whole tape containg:~
n, followed by the n groups,
A1l values punched nust be integers.

End indication ~w> CRLE

Operation Read the program followed by the parameter tape and data,
The results for one group are punched before the next group
is read.,

Output For one group, gr lines are punched, each line containing
Pt 8 6(p,S,t)
in that order, Note that in the title € is replaced by H,
In all cases P, t and S are integers and G(P,S,t) is in
floating point form to 6D,

Paramneters None,

Restrictions

S ni‘qdr S 500
< 199, where P = k0P,
k rust be an integer.

Failures Fone,
Tine About k/EOO minutes, where k is the number of steps,
Method The intezgral equation to be solved is

0 =t « /LTP(Q,S,p) dp, (1)

where 0 is the recuired potential temperature, and the
pressure (P), tenpercture (t) and salinity (83 are known,
r(e,s,r) is given by a polynonial in 6,8 and P,  (See Note (1)),

Suppose the range of integreoticn is divided into a number of
. S,
pressures Pi’ 1= O(1)m~1,
vhcre ¥ =0
Q
™
T 4

]

and AP = —?i + P% . end is a positive constant,
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Assume that BO, 61, coooe 6i»1’ corresponding to PO, P1,q.,..

P,
IL-*1’

Let ¢i be the first estimate of Gi'

are known,

Then &, =6, ~T1(0, , S, P, )AP
1 1= d= ¢ dm~=q
= - g ¢ P
end 9, = 0, [r(@i_i, S, Pi_i) + r(¢i, S, Pi)] %

2
This process 1s repeated for i = 1(1)m—1, starting with
GO = t, until finally

Tl o

The accuracy cen be controlled to a certain extent by
suitable choice of AP,
The above method is based on that given in [1].

(1) F?r the calculation of' the polynomial coefficients for
(P,5,t), see N,I.0, Prograns 31 and 3k, RAE 195/A

and Wote (1) of W,1.0, Progran 28,

(2) This is a special purpose program, and the progran,
parameter tape and data are all on one tape.

[1] Fisheries Research Board of Canada, M,R.27.
By N,FP, Fofonoff and G, Froese.
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NoI -0; PROG‘R.ADE 33

Title Tide prediction matrices,
Code Mercury autocode,

Purpose To calculate the basic matrices to be used in tide elimination
and prediction. They are reguired by N.I1.0. Program 13,

Order of tapes Program, data.

Paraneter tapes None,

Data There are 9 groups of data, each punched in the following way,

M, W
3 b ] uO’u{ 206w oe u}g‘[—-&’ VO, v1, oaw 0w vl\.f—1'

End indication None.

Operation Read the program, followed by the data,

Output For one group of data, six matrices are punched using the
Autocode function ¢$8, They are separated by blank tape.

1) Cosine,
2) Cosine Inverse.

3) Unit,
(L) Sine,
(5) Sine Inverse.
(6) Unit,

The elements of Matrices (1), (2), (W), (5) are given to 6D,
and each element x should satisfy

0 < !x( < 2,

The maximum elements (very near unity) should lie on or near
the "diagonal"., In general the matrices are not square, so
there 1s no true diagonal, and this mneans that any row or
colunn might have either one or two large elements,

The maximum error is * 2 in the 6th decimal place,

The unit matriz (3) is the product of matrices (1) and (2),
and should be accurate to about 6D. It is punched to 9D,
and is present as a check, Similarly (6) is the product of

(&) and (5).

Parameters (1) w ;s see Chapter 1, label 11,
(2) W/360 ; see Chapter 1, label 5.

The program tape must be copied with the correct values
inserted in Chapter 1.

Restrictions (1) 1 <M < 30,
(2) 1 <N <30,

Failures None,
Time About MIY/18 minutes for one group.
Method We consider one group of data, namely M, N, u and v., for

1= 0(1)M~1 and j = O(ﬁ)N—ﬁ, and a parameter W,
The vj are constants given to 7D and the u:.L are integers

depending on W and the vj'

Suppose the cosine matrix g* has elements aij’ and the sine
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has elements bi"

1
Then
a,. = k,, sin 7v /180
%13 +J C/
and  b.. =k, . sin 2mu/W
i ij
wheve k. = sinvg / siome/T  sinm(q + 2u,)/W
1d T/ T/
and 'g( =

= Wy - o
dij U{j/360 u,

‘_!

The cosine and sine inverses are inverses in %
squeres sense unless I = I,

i W=

The cosine inverse § is given by

e least

Pt
)

1~
g=1(8"8)" ¢l
1 1
Sinmilarly the sine inverse is
QZ(R’P’)‘Q:v
1 1
The products ¢ C and D D give the unit natrix.
N.“."J e N

A wore comprehensive account of *the theory is given in the
Nelo0, Tide Elimination scheme description,
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N.I,0, Programn 3.

Title Seale and rearrange.,
Code Mercury autocode,

Purpose To put the output from either N,I,0, Program 31 or N.I,0, Program 32
into a form suitable for input to RAE 195/A,

Order of tapes Progran, paraneter tape, data.

Parameter tape a

o] ¢]
a b
1 1
) b
2 2
a b
3 3
n
Data n lines, each containing 4 values
. . Z, W, i = -
X yl 5 AP O(1)n 1
End indication ~=>CRLF
Operation Read the progran, followed by the parameter tape and data,

When all the data has been read results are punched, and
the program calls for a new parameter tape,

Output This consists of 4 blocks, each containing n numbers,

(1) Wi, 1 o= O<1>n~1, punched as &4 Floating point (6D)

nurbers per line,

(2) xi, i = 0(1)n~1, punched as 8 5~digit integers per line.
(3) vi» 1= 0(1)n-1,
() zi, 1= 0(1)n-1,

Poth y{ and zi are punched as 12 2-digit integers per line,

Parameters  Nore,

Restrictions 1 < n € 400,

Failures Tone,

Tine Lbout n/l0 minutes,

Method The calculation has 2 stages,

D) Scaling, Therc are 8 scaling paraneters, and for
each i, 1 = O(1)n~?, the program calculates

=8aXx, +b
o 0

-8 +b
1

S
[SEE N
i
£

= a 7, + b
2

+ b
3

ot
‘1\
I8
o]
W
=

}—-‘-ﬂ

The values of a and b must be chosen so that xé, yé and zi

are integers which conf'orm with the output layout.  The
purpose of the scaling is to ensure that the mean velues

xi, vi end z{ are all avproximately zero, The nean

values are defined in the usual way,
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Notes

b o

(1)
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Rearranging, “he values of X;, yé, z% and Wg

calculated as above are rearranged so that all the wi!
come first, followed by all the xi, then the yi and "~
finally the zé.

The data is now in a form suitable for input to

RAE 195/A, which requires data grouped about

o mean value near zero.

This is o special purpose program,



3k
N,I1,0, Program 35

Title Tables of potential temperature,
Code Mercury autocede,

Purpose To list tables of t = 6, where 0 = potential temperature (°c),
for selected values of pressure, salinity and temperature,

Order of tapes Program, data,

Parameter tape  None,

Data For one table, 9 nmumbers are punched as follows:—
P h P
0 1 n—=1q
h
0 2 gq~1
h )
0 3 T=1q

where t - 0 is required for

JO "]
P =7 0(111)1 ~ (av)
w— Q
t = toghz)tqm (Oo)
and 8 = bokh3>or_1 (/%o)

End indication wes > GRIE

Operation Read the program, followed by the data, When one table has
been punched, more data may be read,

Output A complete table consists of p groups, one for each valus
of P,, and headed by P = P,, i = 0(1)p=1, Within a group

t - 6 is tabulated against g values of argument t, with one
colunan for each of the r values of s,

Parameters None,
Restrictions (1) 1 €p,q € 90
(2)1<I‘€7a
Failures (1) Irr> 8, the table will not be listed properly, as
there will be too many symbols in a teleprinter line,
Time About pqr/100 minates,
Method For selected values of pressure (P), salinity (S) and

temperaturs (t), the potential temperature is defined by

4. ) 4

\‘" y Y \ ” ‘
6 - - Vi m L n
10 + ;. y Do s um 4 (Bm3000)(6~10)7(s~35)",

N

This 1s a least squares polynomial, See Note (1) of
N,I,0, Program 28,

Notes (1) The least squares polynomial was fitted to the output of
N,I.0, Program 32, Values of € outside the range of
P, S and t specified in that program are suspect.
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N.L.0, Program 36

Title

Code

Purpose

Data

Nethod

Note

Properties of sea water, II,
Mercury autocode,

This program is almost identical to N,I,0. Program 28, Only
the differences are given below,

Instead of pressure (Pi) in V1o kg/sq om, punch depth (di) in
metres,

Before any calculation is attempted, the depth is converted
to pressure (db) by

P, =¢ d, + ¢ d.z.
1 16 1 17 1

Note that the depth (Di) calculated later may differ slightly
from di° The move accurate value is Di‘ These values of

c., and c,, are listed with N,T,0, Program 28,

If any other form of irput is required, modify this program and
not N,I.0, Program 28, The constants 6 and . only (co to ¢

are used elsewhere in the program) are availalle, The
modification must be made in Chapter 0 immediately x4 has been

read, ensuring that the new Xy is in decibars, Note that there

are only about 30 free locations in Chapter 0,

H






