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N,L.0., Programs VI

L9 Analysis of tidal currents at La Chapelle Bank, July 1962
50 Directional wave analysis 1
5% Directional wave analysis 2
52 )
) Tidel spreading, parts 1 and 2
524 )
5% Check by differencing
Bl Directionsel wave analysis 3
55 Statistical moments
56 )
) Polynomial fitting to thermistor calibration curves
56A )
HTA Integrals of products of associated Legendre Functions
58 Atlas Stotion data

Specicl 58 Atlas  Station data (for DISCOVERY CRUISE 6, 1965)

53 Mercury Station data
59 Thermometer corrections for deep-ses reversing thermometers
60 Cross spectrum of two series
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N 2 I & 0 o PROG‘RAM lt9

Code
Purpose
Tapes

Analysis of Tidal Currents at La Chapelle Bank, July 1v62.

Mercury autocode. Hachine MERCURY

To combine and extend N,I.C, Programs L1 and 42,
Program tape followed by data tape,

(a) 27 numbers, being the values of 4 not required in the majority
of the matrix calculations (where w = %t - 18¢0 and w is the
time in half-hours),
(b) Then 17 lines each containing 3 values:
x  ¥i 23 , 1 =0(1)16
(These values are the tidal parameters ¢3, ¢4, Bi)
(¢) Followed by values of
Vjé'ﬁ;
zzézg where t = 0(1)104 onmitting those values of t in (a),
valt

(These values are the North (shallow), North (deep},
Bast (shallow), East (deep) velocity components of currents, )

Tnd Indicaticn  ~> CRLE

Cperation

Read in program tape followved by data tape, Only a fif'th
of the data tape is read in at first, Punching begins.
After the third set of results has been punched, the
remainder of the data is read and the punching recommences
almost lmmediately and continues to the end when the machine

hoots.
Output (a) 105 blocks of 8 numbers (ss output of N.I,0. Progran 51)
(v) Matrix [M] (7x7)
(¢) Matrix [M'] (7x7) -
(@) Matrix [v1M'] (7x4)
(e) k values-of o
(£) Matrix (Lx104)
Restrictions See note (1),
Time 7 minutes,
Method. (a) As for N,I,0, Progran L1, but the values of t differ,

(b) The followling matrix EM] is then computed for values of %
(omitting those values at the start of the data tape).,

78 prigh P s - Igr - g2 g4

P D If4fa  IP4Fs  Ofige IPige Afega
%fa Bfafy I SPafs  Sfazr  Sfaga  Efega
TP,  If4fy  IFufa IFG 4oy Ifage  ICaga
Sg1  Bgefq  Dgafa  Sgefa  Igh Igigz 28182
Bge  Zgafy  Egefa  Dgefs  Jgagt 23 Ygaga

. ~ 2
Tgs  Spafq Leafe Dzafs Egage Bgage  Dgh

(c) is (1) dnverted; [u7']



Program 49 p.2

() Values of ¢ and f are computed as follows using values of vi(t}

Uig | Ivs

d3 4 vyl y

2 Zvifz

aqef = 0] | Zvgr,

ﬁi1 V6

Fia iviga -

By y RAER: where 1 = 1(1)k

(e) The four values of o are then computed (where 1 = 1(1)4),
of = ‘;‘é‘*{z"'ﬁ? = 030V = ¢ IVl = g1p27iF, ~ q,2Vs0,

2 e 2N o s I
~ B143Vigy ~ Bi207i82 ~ B155V48,)-
N e . o .
(£) Then the four series as follows are computed
£ s e i3 ,
aio + a14¥y + agafs + agafy + Prisy + Presa + B1a8se

vhere 1 = 1(1)k and for ALT, values of t (including those
previously omitted),

Notes (1) This is not a general purpose program, but one specilally written

for Job no. 128k, -
(2) See also N,I.0. Programs 41 and 42,

(3) This program has been used svccessfully with CHLF 3 and L,

Programmer MRS, WENDY WILSON

il



Neteg

ETRIRALRE IS,

Programmer

{a) Values of

(e)

(2)
(3)

Program L9 p.2

¢ and f are computed as follows using values of Vi(t)
il | Tvi

s 4 Iva Ly

43 2 sty

aal= 0] Bvyr,

ﬁl 1 V18

Bia Lviga -

Bia | Ivigs where 1 = 1(1)k

The four values of Oi are then computed {where 1 = 1(41)i4),

2 — ] tf - 2 ) i g ot Y
o = %ﬁkzvi = afodVyq = qigZvally = g10274f

1

o , Yy o £
i Gnpavitz i4zﬁ' 4

» . D, Shr. ~ PR
- Pi13Vigy ~ P12 2V18a2 = B1sEVi8s)-
Tnen the four series as follows are couputed
£ o i kI
aio + a14Fq + agafs + wisy + Prisy + Piasa + Biats.

vhere 1 = 1(1)# and for ALL, values of t (including those
previously omitted),

This is not a general purpose program, bubt one specilally written
for Job no. 128k, - -

See also N,I.0, Programs L1 and L2, -

This program has been used successfully with CHLF 3 and L,

MRS, WENDY WILSON



N,1,0, PROGRAM BO

Titie

Code

Lo re ey

by 410, s
Eucposg

Tapes
AR NI RUT

Parameter

tape 1 n’

Directional Wave Analysis 1,

Mercury autoscode, Machine MERCURY

Given the cosine and sine components of the Fourier analyses of
8 wave signals, over a range of frequencies, to form the co- and
quad~spectrun estimates between varicus pairs of signals {including
auto~spectrum estimates) with a trianguler smcothing filter of
arbitrary width,

Program bape,

arameter tape 1, data tape arameter tape 2,
¥ 1 9P &

no, of terms in each of the 2x 8 sets of values

Parameter

n  smocthing factor
&7 fiyrst value of s of Ag and By values

i: = 1/(3 )k’ where the 2th Lerms of the smoethed
J values are required for N,I1.0, Program 51 input

h a constant.,

8 blocks of numbers,
Lg and By,

(Af3 and By are obtained by Fourier analysis,)

each block containing n’ pairs of nurbers,

tape 2 Sets of 3 values at a +time:

Operetion

O“u itpu +

1% q ©
Ending with a nurber 9,

Read the program followed by parameter tape 1 and the data tape.
Then read in parameter tape 2, The machine reads a set of

P, g and o values and punches a block alternately until the
nuuber 9 i1s read when punching becomes continuous until an end
hoot,

The output is in two parts,

Part 1 consists of blocks of numbers, as many blocks as there are
sets of parameters on parameter tape 2; each block is
headed by the values

P q G
and followed by colums of either

(a) 4 C{(*q\ D{{pg) when o = 3,6

(b) 1 Ci{pq) only "= 1,h
(e) 4 Di(pq) only "o = 2,5
(@i-ci(pe) Dilpa) " o =8,10
(e) 3 0{(pq) only "o = 7,9

vhere 1 = n{1)n’ -n+1,

Part 2 is arranged specifically for Job no, 1501 and may be found
to be too complicated to rearrange for any other job, 1%
is made up of n blecks of 4 scts of 6 or 7 numbers,

These are the L sets of numbers:

Cn (8)
Ca (B)
Gy (0)
Cr. (D)
Cn, (8)
Gy (7)



Program 50 p,=2

vy (B)
vy (C)
Dy (D)
ph (B)
D ()
Cp (@)
¢, (1)
Cq (1)
cp (9)
Cp (K
Cp (1)
Dy (1)
Dy (&)
D, (1)
D, (1)
of (7)
D, ()
Dy (L)

where n = 1/(§')k’ and A, B, C ... N represent different
pairs of values of p and q,

Parameters None
Regtrictions 0 <n’ 5120
1 <n<n’~2(m=1), where n = (3%’
1 <p,qgs8
1 50 <1C
Time This is difficult to estimnte, but when
n’ = 119
m= 15
n = 1(10)91

and with 25 sets of p, g and o the time *aken was 25 minutes,
Method The symbols used are

P = Ag block label
g = Bg block label
For o zee o coding below,

i

i

Given 8 sets of values of Ayt

Aty Aoy Ays aeees Ayn’
A‘21’ A'zzs Ag3 ovo o A'an’
Az'is AS?., A33 esoeo Azn'
G400 BTAB0OBRNOOBDEVLO SO SOY

Bgyy Bans Lgs voeoe lgy!

and a similar 8 sets of values of Bg, values of C1(pq) and Di(»q)
can be calculated thus:

[oF] (PQ) = Ap:‘i Ans + Byg Bq‘i 2 s a?t
AN .,'-ﬁufh A . S .’:1 '1 3
Di(pq) = fpt Bqi ~ Bpi Aqi J (e

B .. K 5\
(4150 C3(pp) mey be caiculated, but Dsilpp) = 0)



Program 50 p.3

Prom these answers the following are calculated and the result
punched,  (This is Part 1 of the output,)

. 4 V 1 ,
N )
m Ezvn /
-
W, I .
pi{pg) = L{ Y (a=|z]) Dr+i(PQ)\
mé \ /

viaere 1 = m{1)n’ - m + 1,

Pars 2 of the output, which is caleulated and punched after the
machine has read the "9" at the end of the parameter tape 2,
consisty of the fcilowing values,

cif{ P reo
o (pq) = _0%pa) , Di(pq) = ...Da{pa)
oy :
Yenlpp)Cnlan) Ves(or)alaq)
'y h C'Q}q) N T R
Onipa) = ,n\t\ > » Dg(PQ) = [ Da D%A
On PP/ Calep)

/1/1( ) h Dn(pq_:'

Gn(QQ)

where n = 1/{(j")k’,

|

OWw O~ N

o Godl ﬂé’; [o}

N S A R

Print 7 and store

D! and store

" ! and D’ and store
1" C 4

Y

" C! and D'

" wC! and store

Woow? oand +D? and store
1t "‘G /

" WG oand 4D/

—

1

ihere values are stored it is for use in Chapter 0 and re~arrangement
for N,I.0, Program 51 input,
, ‘I k) <
Remarks (1) r Highest Chapter no, is 2,
A -
(2) furiliary variablies range from O to 10,000,
( ) This program is for use with CHLF 3 and L,
Notes If Part 2 of the oubpubt is not reguired then the "S" at the end of

parameter tape 2 may be omitted and the program will end asking
for more data.

Programmer Mg, VINDY TILSON



N,I.0, PROGRAM 51 (Also 51,0, 51.1, 51.2)

Title Directional wave anelysis = 2,
Code Mercury Autocode Machine MERCURY
Purpose To compute Bessel Functions Jn(qr), Jn(q’r), n = O(1)N, for

gilven series of argunents qr, g'r, and to solve certain sets of
simultaneous linear egquations with the Bessel Functions as
coefficients,

51,0 computes only the Bessel Functions.

51.1 and 51,2 are sinilar to 51, but can solve a sualler

variety of sets of equations,

Tapes Progran, Basic dats, Parareters and data,

5 2
n (b) L nurbers . (r = 1(1)1),
c) M nubers q’r (r = 1(1)&), (none if I = Q),

() P = 3, repeat {rom (a) (Progran 51,0 returns to (a) for
2ll P) otherwise

ge) Integers i, ¢ (except in Progran 51,0).

£) Sets of date listed in Table 1, eccording to the volue of
i >0, (Progran 51,1 allows only i < 6, Progran 51,2 allows
only i < 12), If i = O or any negative integer, repeat
fronm (a)?otherwise

(g) Repeat frou (e),

Parameters and deta (a) Integers L, M, I, P
1

IN.B, 1 €0, it rust still be followed by a (dwmy) integer 4.

11 or 13 is nomally preceded by a sequencr (e~f)healcd by
- 12 or 1[}_ i 1 t " 11 it 1t 1t 1"
‘}5 1 n 1" 1 it 1 i 1 1"

- 1 6 1 i n i 1® 1 1 1 1"

it

L
i
2

e b e ke
{
-] et OO .

Operation After the program tape, after the basic data tape, and agoin
af'ter any given data tape, (teriinated by an arrow), the progran
asks for unore data, It never stops itself, unless given invalid
data (see restrictions)5 in which case it indicates a fault,
Cutput is produced after every input seqguence (a—-d)y uniess P = O,
and after every input sequence (e~f),

Output (a) Title
(b) If P =0, prints qr(Z,kz, r=1 (1)L, then q’.(2,4), r=1{1)i,
If P =1, prints q,.(0,8), Js(ar)(1,8), s=0(1)N, for r=1(1)L,
If P =2 or 3, prints 0p(0,8), a'r(0,8), J{ar), T5(a'r}4,8),
= (13ﬁ, for r=1(1)L,
Prints 1, &,

If 1 > O, prints nuobers listed in Table 1,
Sequences (b, C, d) are repeated as the corresponding input
sequences are repeated,

i

Vil

NN
oo
e N’

Restrictions 1 <4 <L <8

O<sli€8; 4f 1 »1, then ] s n < 1L

If 1 = 14 or 16, then n > 2
0N <X
0 <P <3
0 < gy S 245, O < g’y € 2405, 211 w,
i <16, (12 for Progren 51.2, 6 for Drogran 51.1)a
K 4 O,

If i = 11, then yyp + D

The value of N should not be less than the highest order of
Bessel Function recuired in any set of ecuations following it,

Hethod The basic data consists of 10 d.p, values of Jn(x) forn = 0(1)29,
x = 1(1)2h, taken from Table IT of Gray et al'; with corrections
N as listed in Fletcher et 212 vol, 2, p.82L, Given input data
(a, b, o)g the progren computes and stores all values of Jn<qr)s
Jn(a’v), using the forrule

ae:

I
{0



o e (=]
Program 51 pe2

,‘33\
-y .
J‘r\(X b 8,) = J}q(’&) + (E/Q)P(pi> A»,{Jn(f}{jl,
)
JeE ]
where A,[3.(x)] - Jﬂylxi) - inigx),
— 2 oA /. A - ’-: 1
AI\’EUR'\}:}‘{ jued A‘ o g & j‘fl"""z \‘X‘J il L\’\')W‘f"dﬂ"‘r({.‘f))ﬂ

The swimation is taken ag far as » = 9, Since 2 pA@ <1 for
&z X 3

by

\4
all p, and i% is arvanged that 8 always taken as the integer
noarest to a,, 80 *hau }{; 5 0-35, the grrer doe to truncaticn of
the serdes is always less than 03 x 10 7,

The parvameter I merely determines whother or not the Besasel
Functicng are printed, and whether there iz an immediate retuvran to

TW p%ﬁ peter 1 debormines which of 185 different sets of
Enl

are ollowed, In cach set, the storsd Bessel Functions
ars uscd \WluhOUb b@lﬂg &esbroypa3 to form and sclve the eguations
Cor the unknowns ag o bg detailed in Table IT, g;vnn valuss cf
Xp or Y as right hand sides, Apkrt from ths trivial sin
variabie equations shown, cases 1 = 1 to 10 solve € equations for
£ vnkonowns . Casm i =13 to 16 solve the triviel ecuwations, if
any, thon m equations for m unknowns, and include in thedir right
hand sides € cr £+ 1 values &r or by, which are stored as solutiomn
from the previcus case i, To make physical seuse, this previous
value of i must be as indicated in Table I, Cases 1 = 11, 12
merely form m estimates of a value K which is the ratio of a given
number y. to an expr*ss on involving the Becsel Functions and the
stered solutvicons of the previous case 1 as indicebed,

:4.
5
7
O
w
b
s

gle~

rh‘ﬁl

>3

-
=1
¢t
3

printing the sslutions. the progrem requests another
parameter i with asscclated data,  Any nuxber of sequences headed
by i may be taken, cr repeated with different data, using the same
set of Begsasl Ftrc+icns. Crly =0 or any regative integer z ~5i11,
fellowed by an integer {4, returns tne program to the opening sequsnce
to compute a new set of Bessel Functions, which replace the previous
set.,

Physical interpretsation

The program is intended for determining the angular harmonics
ag, bg of a directional wave gpectrum Ef(é?
27 .
. . 19
a, + by = / Ba(8)e™ "0
ke
with s from O up to a cer in order, given the components of ths

ciross spectra X, oF yp kas fuﬂc ions of frequency f), hetwsen wave
detectors at “'xed distances al ong the line from which 0 is
measured, Delectors of horizontal motion (or slope) as well as
of vertlcal wave motion are agsumed in most of the Pquau¢ons,
The crozs spectra may be ¢bltalned in the required Torm by means of
NoI.0, Program 50, The arguments g, of the Besscl Budcﬁions are
essentially

27 x distances botween deteators/wavelength,

A,

and must be caloulated separately, according to the freguency and
the physical mature of the waves, Touwations i=1 %o 10 are
sulficiant for aceon gurface waves, bub all eguations ars welevant
o seismic waves (misvosoisms), Iﬂ prachice a complete seth of
harmonics (up to certain or&or) mey be obtaiuned from a limite
gelection of the egusticns avallsble,

The thacry for o
N.F, Barber, s.,g, rC

O

sean waves may ve found dn papevs by
[ ~ o5
K e

:
¢Ja Ths theory forssisnle wave



V]

i
13
¥
i
{

4

Program 541 p.3

in an unpublished manusceript by U.3. Longuet~Higgins, »ef.k.,
(Nng There are some misprints in the egquations on the Eth and
Sth pages of the latbter manuscript,)

If the pregram is to be used for computation of Bessel Funciicns
only, it is quicker to use the abbrsviated form 51,0, which wmits
tha 3 chapters centairing the i dnstructlons, Similariy, for

occean wave analysis, program 51,2 is sufficient and guickew Shan 51,
Program 51,1 is quicker than 51,2, bub is less comprehsasive,
3 Ah

s 1. Grey, Matthews,and Macrcbert, A treatise on Bessel
Funoctions, taemillan, London, 2nd edn., 1952,

2o Flebcher, Miller, Reserhead, and Comris, An index cf
wathematical tables,  Blackwell Sci, Pubs., Oxford,
Znd. edn, 4962.

%, Barber, N,F. A proposed method of surveying the weve

state of the ccean, WN.Z.J. Soi, 2, 99-108 (1959).

b,  Longust-Higgins, M.S., Theory of neise measurement by
s 3 7 -3 " N
seizmic arrays., (Unpubiished menuscript),

Progrommes DAYILD CARIWRIGHT

[REmetiatl. At o)

et
i
(%23

Ry



m ESDT'E T

ENLARD N
proreine

SENa—e—

o— e s s

AU}

£

W~ N

£+ 1 mumbers x,., r=001)2,

4+ 2 mumbers xo, %', Xpn, T=1(1)L0.
Szme as

& wambers y.., r=1(1)%,

£+ 1 numhers

£ 4+ 2 numbers

Same as 1.

Te

Same as
Sare &8 1,

¢ numBers X, r=1(1)<.

Integer m, then m rumbers y,., r=1(1)m,

as 1.

Same
Integer m, number X, then m+ 2 numbers Yo, ¥ ¥ps T=1 (1)m,

" " » then m numbers y,., r= 1(1)m.

3
Id
" > - ", then m+ 1 nmurbews y§ ¥y, r=1(1)m,
Same as 1k,

Printed *
0, a0, x, (r=1(1}4), s, ag, (s=2(2)27).
0, ao, 2, az, s (I‘:?(?)@), S, 8z (3:2*<2>26+ 2),
1, a1, %p, (r=1(1)¢), =, ag, )22+1).

w

i
=
N
"o,
N

(<]

!

N oo

£ (T:’]{'U’b}: S5 8gs (
Same as 1,
Same as 2,

1, b1, Xps (r:“!(’l}-@), s, bgy (s=3(2)27+1).

Same as 3.

Yps Zps va/yr-o (r=1(1)m). z, is 1chas. of equatien (Table II),
- / v 2NN [T T R ? £ 1] 1
Yps Zps Tp/ Zens (r=1{(1)m), 2x Lhs.
. PPN P .
n, X, 0, a’, yo, 2, al, 7% ¥e, (r=1(1n), s, al, {s=4(2)2n4 2},

m, K, ¥ps (r=1(1)n), s, af, (e=1(2)2n~ 1),
K, 2, by 7' ¥ps (r=1(1u), 5 (s=4(2)20+2),

S,
m, K, yp (x=1(1)m), s, bs, (e=1(2)

* Thege printed cutpubs follow those detailed uvnder Output )

and (o\) s

e

r=R s Ra A

AT

Ae



Program 51 pob

-

3 b*

— - ,J: H !
a’t (Tt (q!:f'> 05(@'3.‘»," 8’5 (T4 Ts) + ooe= (00 Wape o W ape s+ szhz-i)

7]
N S o Tl N AN (T s \
yr o dai(Jelap) + JS\QI‘/) " eset ("“) 8oy i almi td 2000y

where the ay are sclubtlens from L=8, divided by K

w10,

. 1 { = 7.0 TETIRN P e Y
bl =yl +bas b {So(qy) ~Talg r)/ w0 ) e 3 () Vg G Tn ) =

W ela g

where the by are solutions frem 1=10, divided by K

It
hY "y hY
NS DA (et 0 ( , ;
()3 \\;a} R’ )‘- ., L i) Dol e ;:}Igim‘»j_"\"je-@.b" by

TARTE TT
) Y
i
L Bgustions ved for ag, Dy, a‘s, or blg !
- -
2 :
4 2. T '
; 80 =0} 22‘51’0':"0((111) ~a2da+ oot ( 1) ngjg,&({;ﬂ») = Tl :
]
" 1o = f E v - (‘ ) !
2 fio =Xoj Ba=X j UCo0d 0\%’) =827z % s00m (=1) Qagpn2lpai\lp/ = }
«7
5 &q = Ao a‘idl\ql») = m}J" L P (”1 i—-‘iJZ rv-‘i(G_{") r)A}{vu
- 14 T
b 334 (g’ :c) ~as85(q’ ~n' toeee ™ ("'*) Apn.gda ,e..:\C}'xJ = 5¥pe
5 Similar to i=1, but with argument g, instead of gu.,
if 1 - " H 1% it it i 11
6 i 257 ! ! {
|
N N e " &, -
7 bi=xo; Bi{To{ar) + T2(gr)) =93(Ta % Ta) 4 oeo+ {=1) Mol <J‘$‘,"daﬁ+2)“”‘y”i
]
. AL ) . i
& Gy =Koy & (Jo(qx_) - Jz(qr)) - as{Te=Ta) 4 woe+ (=) PV (Ja,@m Ja‘pj,ﬁ) = X o
- , i o7 S\ . — LY \»4, ’ . .
g be =0} ba (T (Qr‘) + e} ) = 5405+ T5) % 00y = \"”U CEvR 2(\"*»:4.»: + J‘.«.‘;;.:s,':ﬂ.zw
LN . WA N [ 'Vy /
10 pe{5alop) « Tulom) ) = 2alFs 4 T5) 4 woo = (1) e (T v Boopy) = 200
i1 Solutions frem 1=1 uvsed to glve m estimates of X from
' & *w-‘g(q~/*~ﬂ°(3‘1""ug)~§ %A(L»j“" ’)"‘eaa"’ 1) l‘""'>,,J<"j,_.;',m "52,3.;..';>"‘ Yo
i
12 Solutions freom 123 used to compute m estlmates of X from
2
o f AR N o ded
a1d1 (’lf) - a3"3\qr) +asa A+ ("‘1 }a ;,3+1T ,U,J.-;(Q':‘) = Ve
12% | a’o =yo~acs a’e =y’ +asz;
-t ! . ' NI £ o
aloTa(q'r)~a’a{To+ Ja) +als (Ta+Ts) ™ g0 = (»1) & oz vt am TmM 4) =
Yo+ LaoTe(gp) ~a2(To+ Js) 4 eeo+ (= ) 2ol tme + Talynl ],
where the a; are solutioms from i=1, divided by K2,
A

i P ! K wo f Y, . \ TR !y ™ -
‘]C’l"‘ .:D"‘ ‘\‘Em'il\q:r‘)"‘ ]:,{\f!{f))M1}l3 (J.‘mjs/)..!., 608 ™ {\:-:‘/ b 2HL”?\U3:§1N,:'~ °Em~z~i) j=-
[l
{ - PN £
i (”\J‘“ \Gr }"“9-‘5\0{;/‘>" aga -t \"“1> bz‘/)/—']“i\dg~ii“'1m‘j"f:-'6+g>]p
where the b, ave solutlons from L=7, divided by XK,
For i = 1-10, the suffix r takes the 1
Fox 4 _.1)z~163 w i i it i 1(1
MT,B, For 4« 13 =16, the srgument on The left is g’y on the right ges



N.I,0, PROGRAN 52 and 521,

Title Tldal spreading, parts 1 and 2 being Programs 52 and 524,

Longuage  CHLE 3/h

Machine Hercury
Purpose N,I.0, Program 52 attempts to fit the product of a low pass

Pilter and tidal frequencies assuming that the input is the
amplitude spectrum of the tides.

N,I,0. Progrem 52A attempts the sanme thing but also allows the
velocity spectrum to enter,

These are special purpose programs., Detalls of the compubations
are kept in a mathenatics library file.

Programuer JLUES CRILASE

[ SN

N.6



N,1,0, PROCRAM =3

T-—“

Prevhe e

Checlk by Differencing.

Lode Mercury autocode. Machine MERCURY
Purpos To find large mistakes in data punched on S-hole Mercury tape.
Tapes Program tape, pavemetier tape; data tape.
Parsustey Tape ;? whepe o = 1003 + k is the neo, of terms
£
xJ the maximm difference expecbed,
Dnts 0 numbers,

> CREF,

(1) Run $n the program tape.

/ oo s .

{2) Run ir ke paremeter baps Tollowed by the dats,
Penching will begin whilsht the date is belng read,
Finishes askling for more data,

) (?) may be repeated with a wnew set of parameters and

data,

Output This ds a izt of the mumbers of the ferms where the differences

exceed the value x,

At the end of the 1list the sum of all the terms is given.
Paramoters Nons.,
Restrictions 0 < = 511

0 6‘{ £ 99

Tima 0e56n + 0:228 (where N iz the no, of times x is exceeded)
Msthod The data is a series of n terms, denoted by as, where i = o(1)n~-1,

W
The program first punches a 1ist of the values of 1 for which
}ai - 8i.q| > X

and then punches the value

) 1
\"""\
3 O
L+
5}

Remarka (ﬁ

A — - .

;) The highest Chepier no, is O,
;= s N 2 -
(4} Matrlx reutines ere ncht reguired,

(3) This program makes no use of any CHIF 3 or 4 facility,

ok

Note This program was written under Job no. 1605.

RN o

Programmer MRS, WENDY WILSON

DURMIRRFN



N.T,C,

o S S

u

Title Directional wave analysis -3,

Code Meroury Autocods, Machine MERCURY

Purpose Given tho ampl

QPP 1 IS e

itudes of the Fouw
an unknown funetd
the functicn at

er harmonics vp o order N of
iom, to compute two reascnable approximations
given incrsmenbs of angle from O *to ,_,»60%

o

b

(El'e"igmed. primarily for use with output of Program 51)
Dapes Pregeam,  Parameters and datsa,

Pzrametors and data 5 integers:

Rl
. e ° . / £ 3
T = Identification parancher (such as frequency)
3 = {a) any integer < O3 results divided by T
(b ary imbegew 2 03 wresults not divided by 7
. .

K = Reference ang U in whole degrees
L = Increnmental angle in whole degrees
N = Highes?t order harmounlic

fellowed by:

N pairs of pambers s (integer), Ag (fixed decimal number),
wnere s covers the numbers 1 to N in any order, then
another sebt of N pairs s, By, arranged simi *““"ya

A

(It is assumed that Ao = ‘{3 so that in practice these

harmenics are in effect Ag/fg, Bg/Ay)

Restristions 0 £ X € 360
1< h €90
1 <N < 6ix
Operation The compubter takes the program, then paremeters and data

tape, prints output, then rebturns to ask for next set of
paraneters and data, stariing with I,

Owbput (a) Ak integers I, J, K, I, fron input
(b) Integer s, followed by 2 mambers By(s), Eals), where s tale:
the va_nues 0(L)M, ¥ being the largest ml‘cip“}.e of I which
is € %60,
Method It L 20, so that By and Ez are not divided by w, the quantitie

cotpuked are

=
-t
o~
19:]
R
hi

(s =X) + By sin r(s~K)],

»)EAI. CC3 T w»F) + Br sin *-(u—wi}},

Remaris '*”’he qas;.nti ies T, Eg_, defired above, can be showa iov be
in the fomm



FEN

. Program BL 1.2

&

T
T £ e q. K ¢ n e Sy -
wheve EP) = % + ) (&p 008 TD + Ep sin ﬂ,ﬂ)?

T

1 sin( 4 5

sy AT T, WK I ST .

27 sin 5P

L
-
P
o
e
I

o fos 5

7 r‘,2—"€ TR ")\T EaEN
£2(9) = 22 (W) oo™ g,

£ 1((}')) and fg( g’)) are "Tilter functions! of fotal inbtegral uni
peaked in the direction ¢ = O, the more s
value of W,

Tor a general Ffunclion F(¢) we have also

and An + 1Bn

i
N
—
~
3
s
—

1:

[So¥
TN
&
R

o)
I
gl
o7
S
LY

Prograrmay DAVID CARTWRIGHT

R LA AR



N.T,0, PROGRAM 55

Title Statistical Momenis,
Code Mercury Autocode, Mazhine HERCURY

Purpose  To compute the mean, moments, and cumwlants, up to order L, of

a given set of numbers, and alsc the co=-moments and co~cumilents
when two parallel seds of nurbers are given,

Tapes Progran, parameters, data (possibly jata tape 1 and date btape 2)e

Parameters (1) Tnteger 1L = 1 or 2,
2) Integers J, k, where (100§ + k) = n is ‘the number of
terms in each gseries,

Data If i =1, a single set of n numbers,
It 4=

2, the first set, foliowed by the second set, each
contalning n nurbers,
The numbers in the. data neesd not be integers, or positive,
Operation  Af'ter taking the program, the computer may repeait the cycle:
parancters-data~output, any number of tines, and calls for
further parameters and data after each output,

If a get of data A is to be used in conlfunchion with
set B and also with set C, then it must be fed in twice
separately, as for example, 2, J, k, A, B; 2, J, k, A, C;
and so on, This means that baps A wmay have 4o be re-wound
rather quickly.

pe |

. Cutput (1) mitle.

{2n) If 1 = 2, priats n, m,,, Moy, then the following array
of 36 numbers:

o

Hio  Hoy

/JZO ‘u11

“30 HZ‘T ﬂ"a uo}
Hao Hsy Hza Hys  Hoas

KAO Kzi Kza K13 K04

i h 4
so Hlag Hiya Hlos
Ulao sy a2z Plas Hlog

tao Kist Kz K'yz K'oa

Valucs of # nnd i arc printoed (C

g h}; velues of
plond k7 are printed (2,4),

¢

(2b) If 4 =1, prints n, mye, then 9 numbers, consisting of
the {dirst colurn only of the above array.

(3) Output of the form 2a or Zb is repeated after every input
seguence starting with i, J, k.

Restrictions i =1 or 2 only -
0«3 < 245df 5 =1, 107 if i = 2

)s 1(1003 + k) < 2150}

o
IS
temd
Vi
A
\D
\D

-+

Both J and 1 must be glven, oven if one of ihem is O,

&

Mathod. Calling the two series x 1(1)a§ n = 100) + k,

- ry, Yy T =
(xw orly; if 1 = ﬁ)g the program first computes the mean volues
1 1
; Myg = oy E’}’.‘r, Moq = 37 E"}r?

G



Program 55 p.2

then, after replacing each value xr, yp by

Lp = Xp = Dyo, Yro = yp = Moy,

computes the moments [pg, (pra =1, 2, 3, 4,
where [ipg = % EXqu,

and the Lth order cumulants:

Kso = Hao = 31% 40

Ksq = Psq = SlqqHa0

Kea = Hag = HaoHoz ~ 2ﬁ211

Kys = Hys = Zly4Hon

2
Kog = Moy = U6

I

Finally, the progrem computes the normalised moments and cumulants:
ﬂpq/(ﬂzo)p/z(ﬂoa)q/zs (p+q 2, 3, ng
= qu/(‘lZO)p/Z(Noz)Q/gg (o +qa=14),
Notes gy and Uyy should ideelly be zero, but owing to rounding-off
errors they will usualiy be printed (in flcating decimal) as

small non zero numbers. The normalised variances ['z0, U0z
are always printed as exactly 1.

i

1]

1

E
L]
o]
1

fqyy is the correlation coefficient

Ulso, U'os are the coefficients of "skewness"
AR . X

U's0, H o4 are the coefficients of "kurtosis"

The cumualants of crder 2 and 3 ave identical with the corresponding
moments,

Programmer DAVID CARTWRIGHT

N, 6



N.I,0, PROGRAMS 56 and BOA
Title Polynomial £4tting to Thermistor Calibration Curves.
Gode Mercury autoccde, Machine MERCURY

Parpose  To aspproximate to some measured cal

i curves of a series of
thermiators (used cn Discovery II, At

Xl
ddﬁst 1962) by polynomisis
8 B

}_4

of degree up to 4, fitted by "1aa‘ guaresg’ to 7pairs of readings,
Tapes Program and data on one tape,
Paramoter Lape  None,
Date, A block of 7 pairs of numbers
) Vi , wWhere L = 1('7)’7

Ind Ircication => CRULPF,

Operatior (1) Run in the program,
(2) Run in the data, Punches output,
(3) (2) may be repeated with more blocks of data,

O\CDU¢ A 1ist of values

a, vhere n = O(ﬁ)@
7,
an where n = 0(1)3
Vi
an, where n = 0(1)2
v,

(In N,I,0, program 56A v,, v, v, ave replaced by v%, v¥, vi,)

Pa?umngﬁgs None,
Restrioctions i=7

n = h(-1)2

Pailures N,I,0, Program 56 Talls when asked to caleculate a negative square
cooty; dse. when v© is negative, If this oscurs run the data
with N,I.0. Program 56A, which prints v* {which equals v° *) 4nstead

of v,
Time The program took 3 minutes to do 5 cases,
Method Given 7 values of z¢ and yi; we use matrix substitution to find the
values of an in the following simultaneous equations:
,n
fag + a,Ix + 8,5%° aepoe + OpiX = Iy
" 3 SRS L oL y
a,%x + aiza b B LET e o+ 00T = DLy
FOOE 6D GCEPOEPOO PO ODIOBPIGPDABDPPEOPTIONOY DD OIHDE
N n+ 2w 1
Z)C +a1\1 o1 +8,2 2 PR EE +(~’,“:3&. ’-Ill.rxy
where n = 4k{~1)2,
We also requirs either
14
{(a) the wvalue vy in Program 564
r n
vh =110~ a BV - a3xy s.ee. ~ 83K Y
no ) -
) or {b) the valus of v, in Program 56
) S
(Y =y i

P
qyQ



Notes

CAAL AT

(2) When M,I,0, Program 564 is used an
last figure of the value of vi,.

mer MRS, WENDY WILSON

Program 56 p,2

* iz printed againast the
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20, PROGRAM 574, Atlas and lercury

Title Integrals of products of assoclated Legendre Tunctions.,
Language  Atlas version

) CHLE 3/
mercury version

Hotes N.I,0, Program 574 was tested amd initislly run oun Mercury;
it was then run on ~tlas to obtaln more accuracy.

N.I,0. Progran 57 was abandoned before completion Lecruse the
data was dincorrect,

These are speciol purpose programs.

AWES CREASE
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N,I,0, FROC

.

M B8 Atlas ~ Otation data

There are several versions of this progrem depending on whether pressuvre
or depth is imput (see note A in method)., They are:-

o)
b)

)
)
€]
£)
Language

Purpos

s o e

Tapes
Wl A

NIO 53 Atlas pressure (db) input

NIO 58 Atlas pressure (1/10 kg/on®) input

NIO 58 Atlas pressure {db) inmput, potl 4 output

IO 58/1 Atlas, depth dnput, lediterraneon

10 58/2 Atlas, depth input, Western North Atlantic
NIO 58/3 Atlas, depth input, Zastern North Atlantic,

EiA Machine — ATLAY 1

Various properties of sea water are calculated from the sets

of readings of pressure (or depth)B temperature and salinity

taken at a station.,  Some results are given at observed, and
some at standard, pressures,

Program, parameters and data are a1l one document but usually
consist of two tapes:i~

tape 1 Jjob description and program, which ends with the
program constants and * * * T
tape 2 parameters and deta, ending with * * * 7,

N.B. It is essential that the btapes be rcad inte the
computer in the eorrect order.

Job desciiption

and progran

This 1is at the start of the program tape and conslsts of'i—

JOB

S001 + 6 digits, followed by program title

CUTTFUT

0 LIFE PRINTER 1 IIVES

COMFUTING o TISTRUCTIONS

STORE 22 BLOCKS

vhere 1 = 200 + 100 (no, of stations)

and ¢ = 1500 + 300 {(no, of stations)
The propgram is headed by:-

COMPTLIIER ELIA

Parzmeters and

datea

o e

The parameters are:i—

1) (salinity correction, zero usually)
2) m (& £ 19 and must be odd, see ay below)

3)  a, (standard pressures and intervals) for i = o{1) n-~1,
The standard pressures are defined by

— A \ \
P = aa(a1)&2(a3,&&4 as8s000css am~3<a111-2"am—~1°

The data consists of 3toms &) to 6):-

L) a title comsisting of one line only, i.e, 1 teleprinter

line, such as sghip and station number, date, etec,; the
title must not be omitted and must begin with CR; it may
not contain ancther CR before the final CR IF,
\ N . -
5) n the number of samples for that station (n < 1.9).

<4



7.6

OQutput

Program 58 p.2
6) pressure, temperaturc and salinity velues punched as
integers, 1 sample per line, and being:-—
p. 100 %, 4000 3, for i = 0(1)n-1
1 L 1

) . N s

where p ls pressure or devth (metresg, integer (see Pirst
. - - . A [N = al . Ea

paragraph of program description, a) to f)9 Tor Torm of

input);
t 1s temperature °C, 2D;

8 is salinity % 3D.

Ir ti is missing punch 9999;

if Si is missing punch 99999,

.

For any i, either of ti or Si may be missing but Py must

If po is a surface value (e.g, pPo = 1) punch O.

The data, items L) to 6), mey be repeated as often as
required,

If new paremeters are required item 6) should be followed
by

runout CR LF
NEW PARAMETERS
* (asterisk)

ond parameters 1) to 3) followed by date &) to 6).,

At the end of the data, item G) should be followed by
runout CR LE

IT0 LIORE DATA
>

more than 6" blank tape

***Z

The output for each station consists of i
station title
a) results at observed pressures

b) results at standard pressures,

Sections a) and b) are on separate pages on the line printer
cutput,

.

In mection a)9 if either temperature or salinity wes missing
in the data an asterisk (¥*) is printed in place of each missing
valus, The prossure and any remgining data are printed for the
relevant line, but no other results appear on that line,

The results a) at observed Pressures ares~

sample number:

pressure, decibars (see note A in tzod), integer;
this is cbscrved or 1nﬁbroolatbd from unprotected
thermometer readings;

depth, metres, integer; calsuvlated from pressure and
specific volum

salinity, %, 3D; from electrical conductivity;

temperature, °C, 2D;

potential t0mberuuxxo, “C, 2D;

O s 3Dy program o) in list in first poragraph of progranm
description has potential density i,e, Op (0 being
potential Lcmpcroture> output here, 3D, instead ﬂi c},

specific volurne, ml/gm, 5D;

specific volume enomaly, wl/gm, 6D,



N,

Method

Program 58 p.,3

The latter four quantities are computed from Fkuen's
compressibility formula (1908), and Cox and Amith's
(1 59) values of specific heat,

The results b) at standard pressures are:-

pressur‘e9 decibars, integer;

dynamic height anomalv, dynamic metres, 3D;
hls is obtained by wntorpolation and Integration of
specific volure ancmalies

potential crergy orviomaly, megres x decibars, 1D;
obtained by integration of product of pressure and
specific volume anomaly, divided by gravity;

sound veleccity, et“eu/%ocond 1D; by W.D, Wilson's
formila (1960

sounding Vblocltj, metre: /second 1D; harmonic mean of
sound velocity from su face todepth equivelent to given
pressure,

All V‘&lues except pressure are fOll.O’V.Ted by tlhe inte]f‘ Ol&“‘Gion
¥ J
error,

The complete calculation for one station will be described.
A station consists of n sets of data, where ore set of data
(cr one semple) counsists of three numbers - PTGSDUTu or d.epth

(see first paragraph of this program descripti 1), temperature
and salinity.

Yote A Depth inputs are imunediately converted to pressure
{aﬁj bj the best available relation bebween pressure and depth
for the geographical area in cuestion, of the form

= Cged + Cy7d®

where Cts and Civ are the last two constants on the progran tape,

Cs and Cs have also been adjusted using formulsze
G = Co/Cre
arnd.
2
Cs = ~Cs7 C9°/Cys
Missing date

If the pressure is missing, the whole seample must be omitted,

17 either or both of the tenoerature and salinity are missing,

but the pre sure is present, the sample is included in the
station, but it is not used in any calculation,

The p

This 1s in 4 chapters, 3 for computation and one mainly for

organisation (‘h nher 0), The ocalculations £all inbo three
distinct sections as follows:-

1) Quantities depending on only one sample (chapter 1),

2) Quantities depending on seversl adjscent samples (chepter
3) Interpolation to standard pressures (chapter 3),

The 1th sample consists of 3 values, pressure (L,
temperature (t ) and salinity (3 ), woers 1 O\%)nr and the

ooroected.vqlueu, not the original readings, are considered in

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

Por a sample 1, there cre 5 quantities which depend on Pi’



= girme t

= specific volume
specifiic volume anomaly
potential temperature

= sound velocity

11

R
<o o ch
i

aad all are defined as polynomials in Fy, t and S,

Program 58 p.k

the polynomial coefiiclents bjg and the other constants c.,

have been obtained by the method of Least Squares,

We first defdine

:f“ T Kf“ T N- T W T
o, = bt 4+ )bt 40 Yb_ ot + o Yb b,
t /  Tka /) T4 i 0 iz
F=0 =0 r=o =0
——TT
3
To define a = afS,t,P) and o = 8(8,%,P), we require
\ =1
a(s,t,0) = (1 + @40%)
end a(35,0,P,)
whe nee
als, t,0) =
a(5,%,0)
1 y 2 ) 2
+Po‘2yb t +P22‘ +P20‘>b
0 , T+es +as o
J—— ——
=0 =0 T'=0
‘J'..\
2_ =2 r 3
+ Po \> bt +b PPt~ P
0 , T34 33 I
=0 ¢ +¢ P

and 8(S,t,P) = a(3,t,P) ~ a(35,0,P)

A11 the constants in equations (1) to (5) come from [1],

In genereal,

(3)

()

(6)

A new formula for the potential tempersture has been derdved,
by fitting a least squares polynomizl to the results from
1.1.0, Program 32, The various steps of the calculation can

be followed from the llethod descriptions of M,I,0, Programs 31,
3L and 32, in that order, The least squares program used was

RAR 195/A, (0 e also Note (1)),

The polymenial is

I3 4 4

. T A
N\
6-10 = \ ) \f b, ;
/7 1elrsmintss

TED =0 1=0

(5-3000)%  (£-10)" (s-

P

2

A
5)

n »

(7)



I,6

where f+m4n < L.,

Finally, the sound velocity is defined by

V== + [SVJC A AVP + AVS s gvstp

38
where 5
57, =t ::ﬂbr £,
Z_,_J +39
=0
“"3“'\
wo=p )b B,
sl J Treas
r=o0

AV, =b (8-35) + b (8-35)2
3 AT A8

a o = (8-35) (% 3 2 %,
a1y svstp ( )5)(949t + bso + bgiP + bsch)

Program 58 p.5

2“\ V‘“i”«
+ Pt K; .ot +P*% )b ta+b P (12)
a Trs5 ./.J T4+56
T=0 =0

The coefficients used in equations (8) to (12) ccme Trom [2],
The sound velocity is the only case in which the pressure is

in kg/sq em end not in deocibars,

Caleulation (2)

There are L quantities obtained by integration, and these
depend on several values of i; that is, on several samples,

They are

o
ii

depth

= dynamic height anomaly

= potential energy ancmaly
sounding velocity

<ipx B
i i

res .
D; = c1ojp ~oa(s,t,p)dp
~ Py,
Abi = (311 . O\Sﬁtﬁp>dp

0
Py
X, = cw/ pd(8,t,p)d

P

o]
A1 [P o
At D'
V& 0 v

(16)

The constants ensure Shat P mey be given in decibars,

Since P is given at unequal, but fairly close, intervals,
integration by the trapezium rule is convenlent and adequate.
The formulas used in the caloulation follow, and in all cases

we define for convenlence



Program 58 p.6

N
>3
H
av]
1
as]

2

I

[

e

—~~

(W3]
-

[
»

s
~
©

and 8, = 8,(8,%,P), 17)

Thus we have

D, =D, +C h.(a, +a. ) for i > \
i Ly 10 l( i Lemq’ g ? (18)
exd D =0C(Cc P)+cC(Cc P )= 19
Q 9( 10 O> 8( 10 0) ( )
Similerly
AD, = D, + C (8, + 8, ) for iz (20)
1 1=1 4 104 Ay
and 4D = 0, The potential energy anomaly becomes
0
. =X, +C h (P.8, + P, 8, for i » 1 (2
XZL Xl"ﬂ( }10 l< i1 * Ly l“1> * \ )
and x = 0,
o}
Pinally we have
PV, =7, V. +n(v, +v., ) (22
i1 i-q1 iy ivd s P

ard V =V
Q ]

When Calculations (1) ard (2) are complete, the first table of
results is punched., 1o interpolation lhas et Ween attempted,

Calculation (3)

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

D

1

dyneriic height anomaly
X = potential energy anomaly
V = sound velocity

V = sounding velocity

The argument is the pressure P.

werpolation for each variable is cerried out in an
exactly similar way, so only one variable y, say, will be
onsid

nsidered,

Ve start with n values of Pi’ i O(1>nr1, and there is a Vs

corresponding to each Pi, Then y is reguired for certain
specific values of P denoted by P., J = 0{1)i~1. renerally
h "1
oJ

Pj is specified at ecqual intervals, but the interval may vary

over the renge of P, (S@e Paraneter tape), e now consgider
one value P for which v = y(F) is required.

There are 5 pessible cases,

(1) P < P
(2) P <P <P
(3) P, <P <P, foris= 1(1)n-3
() P, <P< L
(3) P =T
= q



-

fote (1)

Program 58 1.7

In cases (1) and (5) interpolation is impossible,  In the

other cases two values (Y and ¥ ) of y are computed, using
1

different formulae or slightly d’““erent arguments, and y

is taken as the mean of the results, The d;iLerence e gives
an indication of the accuracy. Thus we calculate

1l

y=1(Y +7Y)
1 2

and e = %(Y1 - Yz)

In general the Lazrange 3 point interpolation formula is used,
If the arguments are P » £ and P , then
Lo g r T q

T (or Y ) = A + A + A
1<u 2} I‘—'1yI‘--1 ryr r+1yr+1’

where A= (p~-P ) (P - P 1)

(ﬂ ~P) (P ~P. )

ot s e

BALR
A = ( ) (» - PIUM)
(p - Pr’w) (Py = Pry )
ad A= (P-—_ 1\ (P~P)

®py, =P (B ~P)

T+ 4 r

Near the end of the range linear interpolabtion is necessarye.
We can now list the formulae used in each case.

Case (1) Interpolation is impossible,

Case (2) ¥

i

-y (p -
v, +¥, =y, P=P)

O T ——

1

P -P
1 o]

i

A + A v o4 A
oyo 1Y 4 Qyz

Gase (3 Y A, vy, + AV, + A, ¥

1l

. Loe Y Ay i’i Tk g7 Lk g
Y2 =AY, + fi+1y¢+, * g1+£y1+o
Q_,?LS@)( %“2_ Y1 = An.- 3yn~3 * A1‘1'“' 2yn"2 * An"‘ 1yn“' 1
Yz =Inep Y -y T e, (e - Pnyz)
g - =2

Case (5)  Interpoletion is impossible,

During interpolation ench line is output as soon as the
calculation is finished, Any specified pressures which fall
outside the range of date given are ignored completely,

”he least sguares trivariate polynomial [or G(Pas,ﬁ) WaRS
btained in & stages,

(1) 1(P,S,t) wes calculated for specified values of P,S
amd t., (W,I.0, Program 31),



N

Program 58 .8

1ts fron (i) were scaled an
.0, Progzran 3k4),

(iii) A least squares polynomial was fitted to I'(P,S, t)a
(RoloBe 195/0)

(iv) O(P S t) was obtained from an 1nteb ral ecuation, wiin

the pol&noml&l to calculate “( t/c {1.1,0, Progran ,2)m
(V) Results fronm (iv) were scaled and rearranged,

(N.I.0, Progran 3k),

(vi) A least sguares polynomial was fitted to@(P 3 t),

(Ro£.Bs 195/A).

(2) The polynomial coefficienss and other constants are listed at

the end of the program tape (b ~ b  followed by ¢ —- ¢ ).
Q 93 o} 17

(3) If several stations are punched on one tare, there must be
nothing except blank tape between the £inal SpSp or CRLF of
one staticn and the first CR of the next title, i.,e. the
final nomber of o station must be followed by two characters
only, SpSp or CRLF,

(4) Mercury versions of thecse prograns are described separately,
(5) W,D, WILSON'S OCTORER 1960 formula replaces that of JUNE 1960
P

which was used in previous versions of the station data
program, il,e, 11,1,0, Programs 28 and 36,

’“3

References [1] Pisheries Research Foard of Canada., H.R.27,
e ¥a ]

ahe
By NP, Fofonoeft and €. Proese..

[2] WeD, Wilson, Speed of sound in sea water as a function
of Salinltj, terperature and pressurs,
u

Je hcoustical Soc, fmerica, 32, 6, p. 641 (1960)

Programmer JAMES CREASE



Special 1M,1,0, TROCRAN 58 Atlas, dated 10/141/1965

This is a swpecial version of N,I.0. Program 53 Atlas pressure (db) input,
for use only with data from DISCOVERY cruise 6, 1965, It is a modernised
version (i.eo some Mercury instructions have been replaced by EMA ones)
and has additionsl instructions to compute and print-out the percentage

of Norweglan Sea water abt each observed pressure level,

The program description for N,I,0, Frogram 53 Atlas is applicable to tuis
special program with the following reservations:-

a) Parameters 1) to 3) (i.e. T, m, a,) must here be followed by
two special parameters U anl B, bZing the values of oy for
North Atlantic water ( t = 9°C, 8 = 35+33%%) and Norwegian Sea
water (t= «~0:45°C, S = 34.°92%) respectively, where U = 272399,
B = 28.08L,

b) The words DATA TITLE must precede the line of +title (1tenm i) of
data) in ever: case; similarly if wnew parameters are required
or the end of the data is reached, the line of title must be
preceded by the words DATA TITIE, e.8.

followed by data

ev32 e

DATA TTITLE

IEY PARAMETERS
*

s " b1 & mt o
followed by parameters T, m, ays

27399
2808k
DATA TITLE
DI 5685

ending data tape with
LATA TITLE
IIC HORE DAT

#**Z

¢) The oubtput has an extrs value (unlebelled) for each observed
pressure, the value being the percentage of Ilorwegian Sea
water at that pressure (as defined above),



N,I.0, PROGRAI 58 lercury - Station data

There is a setc of programs for lercury similer to tlhe set for Atlas,
. Y N - o 5 ey . . ot .
i.e, programs a) to £, listed in the NIO Progran 50 Atlas description.

ns differ from the Atlas ones only as follows:-~

The Mercury progr

1) In the Mercury versions there is no JOB DESCRIPTION or COVPILER
heading, Instead there are two lines of title,

2) In the Atlas versions there are two RUN OUT instructions near the
end of chapter O; these are omitted in the lercury versions.

3) In the Mercury version the program tape ends with >3 the
Atlas one ends with * * * 7
+

L) The Mercury programs are in CHLF 3/L, not EMA,
The Mercury data tapes end with  ~—>; the Atlas ones end with * * * 7,

Mercury operation 1) Read in program; 1t stops on the arrow,

2) Read in parameter and data tape; the program reads
and punches for one station at a time until the arrow
at the end of the dabta is reached,

If the program is restarted, the re—enter procedure should
be used, and the last three blocks on the program tape
must be re-read, i.e. the constants,

Time About (5n + 2N) seconds por station + program resdin: time, where
N is the number of standard pressures obtained,



Title

N

Language

Machine

JUSR——-—————

Purpose

Tapes

e g2

Therrometer corrcctions Tor deep~sen reversing
thernoneters.,

CHLF 3/l
MERCURY

In correcting deep~sea raversing thermonmeter readings,
corrections walch are dependent on the water beuveraturc,
he smblent tem@erdture in the laboratory, and the index
errovs of the the oquers, nust be m9p1¢ea. Manual
correction is 51"ﬁ7 fied if the following graphs are
prepared with the aid of this progran,

a) Protected 1

L graph of observed mein thernoneter rendings against
dbpervod auxilinry therioneter rcodings for o sequenco
of values of ATy, where ufp is the correction %o be
added to the gbée;veg mein reading to give the trus
in situ terperature,

T,B. Index corrections for both svxiliory ond vain
thernoneters are included in this groph.

L

nrotected thernonelers,

Loproph ol opﬁypveu pain thermoneter readings
coningt the differcnce be tveen the in situ temperature
and the true auxiliary tOLer Jure, for a seguence

ﬁ
off values of ATy, where ATy is *&u correction to be
added to the observed maln temperature to give th
true in situ reading of the maln theruoreter,

MB, Juxiliary therivoreters must have index eorrections
applied before using this graph, but nain thermoreter
index corrections are included {see note at the end of
llethod),

1) Routine 80 (General print, CHIF 3/4)
2) NIO Progran 59
%) date (including parameters).

The three items mey be corbined onto one or two tapes,
ag recguired; the tapes should all end with =,

Both protected and unprotected thernometers can be dealt
with,

Porameters are as followss—

1) theriometer corrcetion increrent in °C (see Ilote 1
at end of program &escription).

2) for j protected thermoneters, the range of ambient

tempor ures required, °C; e.z. 5 4 £ 35

for LﬂDrOprtOd thermore ters, thﬂ range of ambient
terr

- in situ t© peratures recuired, °C; c,g, =10 A A 35,

thernoneter nurber, e,g, 5563

N

e’ Mt M

Toonr
€=

therioncter type, @ for protectel, 1 for unprotected

P

4
%

month and yeer of enlibrotion, e.pc. 6 4 4 1965

O

the value of Vg, the volule of rnercury in the mben
belew O°C,

Data follows and consists of two blocls of pairs of
readings of arbient temperature aund the corresponding
index corrsction,



Program 59 p.2

Block 1 T an& I for the main thern ,Lter, terminated
aster

by # ( islk) on o new line

Block 2 1t and Ty for the auxiliary thernoneter,
. / s hY »
terninated by / (solidus) on a new line.

: Parareters 1 to 6 and the two blocks of data
constitute the complete data Tor one thermoreter;
any muber of sets of data ny follow,

Output This is headed by the thermoreter nurber and type,
and the ca-ibration date, Then come the following
colurms s~

1) headed ¢, is the thermoneter correction (sce ilethod)

2} headed T, is the observed main thernoneter reading.

- N\ I3
3) a) protected thernometers: t’, the observed

ﬁux111wry thermoveter reading corresponding to C

b)ow 1 T, - t, the lifference
botween t e in 31tu sea ter pora4ur nod the true
suxiliary therooreter teupsrature "

A N o . =
L) -~ 7) are repeats of 3) but with ¢ increrented by the
input thermoneter correction increnent (see
N
Poraneters ).

The output for any given T of a main thernometer
ranses over the DT@SC'ibL@ input limdits of the

suxilinry thermoneter (or for unprot oth thervoneters
auxilisry ~ in situ), The ou,Lut range witl in fact
adlweys alightly exceed the irnput limit s as specified

in the parcueters,

2

Lbout 2 minutes to reod and compile R 804 and N,I.0,

Progrem 59, about 17 seconds per sct of data,
Hethod 1 Protected thermoncters

Tet T/ = observed

in thernometer reading
Ve = volunc of nercury below zero gradustion (in °C)
K = 1/(Phernal Bxponsion); usually K = 6170

I = index corrvection to malin theruoneter at
ternperature T/

t! = observed auxiliary thermoneter reading

It = Index eorrection to auxilianry thernoneter

=t -t/
Tyt = Ttrue main and auwxiliery thernometer readings.
C.=T~-T1T'
p

Cn nay be expressed clogely by

Cm (T 4+ Vo) (T = ) + IK 1)
(T’ + Vo) - (D* - %)

in terus of observed and knovn wariables.

Ve require for a terperature correction graph to plot
T/ asedinst 4/ for a series of velues of Q (note that
Cp is to include the index corrcctions for both main

and auxi“iary'iherno;eterb“s well as the corrvection
@ dve to the difference betwecn T and +, \

N.6



Program 59 p.3

et xz=T1 4V, y=T -+t 2)
1\*1«0‘“&1)0?: oy x TR
& o= X + ¥y
or y=0 (K-x) -1 3)
* X o+ Gp

e . ; - - k) o AN

e are given ©1, Vo,K and T (and therefore x) at a
nurber of tenperotures Ti’ and we wish to find y and
thence t and t’/ for a sequence of GD sufficient to

&

cover a prescribed range of t from ty to ta say.

e bty <t < t2

oo J1 =T/ = t2, y2 =T/~ t; are the lower and upper

linits of y.

Correspondingly
01 m xy¢/K + I L)
Cowm xyo/K + T

are the approximate lower and upper 1limits of GD.

Suppose we want a.CP increment of b, then for o glven
T! we will stort with o AT of

C -
b [Integrel part <Tl +\3*5> - Y5}

and increnent Cp by b until a AT of

-

C N
b [Imteqral nart {é; +‘0°5) + 195]

is reached, This allows for tie colculation of an
extra two volues of vy below and above yy and ya,
Having found v from 3) for each increment of C_ for a

given x (and therefore T’L t is found fron 2) and finally
t! is found by adding the interpolated auxiliary index
error I3 to t.

The whole process is then repeated for snother value
of T/,

2 Unprotected therioreters

We require Ffor this gravh o plot T 7 against
grax u &

Tw - tu for o series of values of Cu’ where
¥

TW‘: known in situ tempersture of the water
Tu' = observed unrrotected thermometer reading

tU = trae unprotected auxiliary thermoreter
" reading

6.=1T ~1T/1
u u

S = (B T, - k) e I )
EI(ETE



N
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Program 59 p.k

R A e A

%z + C

with apprexinate lover and uprer lindits on Cu of

Cy=xyy +I, Cz=xy2 +1
K K

where y¢ and y2 = T

- 7ot
w " P T 2

w

From 6} we can find v (i.e, T_\r tL) as o function of x
(and therefore Tu’) for each incrérent of O .

Note that in this case the unprotected cuxiliary

thernoneter reading is the ftrue reading and any index

corrections to the suxilisry thermoneter st be applied
before using the graph., This is because £ only
enterg the “OLQUuathES in conjunction with ™7 ,

W
Consequently a given (T -~ t ) might arise from a
variety of TW and t tbe t H11 having differcnt

index corrections,

1) If it is desired o know corrcotions to 0O1°C
without interpolatlon, the increnment would be O,
For a given moin thermometer reading T, the
auxiliary theroneter reading would he evalunted

t points such that the corrcction 0 is 0005,
2 D«5 euo., i.e, it would be centred about zero
C so that, for exanple, any point on the graph
betueen the Q05 and 3“315 lines for C 1L
represent a ccrrection of 0«01 (to the nearest

Yo" ) v

Such a small increnent produces a large output

and we have found it best to use a large increrment

and sub-divide with multi-point dividers, In this

casc note that if sub-division dowm to 201 is finclly

reguired an odd mltiple of this must be used,

otherwise, for exnmple, an increment in the progran

of <10 would give t at values of C = % 005,

¥ 0415 ete,, and sub-divisioninto 001 stops would give

values for t at C of O, £ O, * 0«02 ete,  This

in turn neans, for exsample, tnab points between lines
= + OO, + 002 correspond to a corrcction of

+ 0015 * 0005, and our corrcetion now involves a

third decimal,

In practice, for values of Vo less than about O

we use plotting intervals of 0«01 and an increvent
of 0093 for larger Vo we use plotting intervels of
002 and an increuent of 0«18; +then nine points of
ten~-point dividers are used for sub-dividing in both
cases,

2) The values of T and AT (rain thermonster readings and
index corrcetions) can be taken fronm the N.P.L.
calibration certificates or the H,I1.0. calibration
curves (the M.I,0, calibrotions being vade at M,A. F,F“y
LOWﬁstht)' in the latter case the values are rend
of't’ whenever the line changes gradient significantly



Program 59 p.b

The values of t and At (auxilinry theruoieter

recdings and corrcctions) are talen from the I1.P.L.
certificotes; in the case of unprotected thermoueters
they arv not actually used in the computations, and

a dumny pair of zero corrections rey be lunserted
instesad of actual resdings,

JLIES CRELASE



H,T.0. PROGRAM GO

Title

Code

s sossn

E%g;gose

s

ata
oo

Cross spectrun of two series,
Mercury CEIF 3/L
MERCURY

Given two time series, with terms presented alternately, to compute
their means, variances, covariance, suto-— and cross—covariances
with lags 0-L, and from these to compute the auto spectra, phase
lead, coherence, co— and guad-spectra for freguencies 0 to WeL.,
For the last four gquantities the second series is assumed to be
%~a tine interval (second) later than the first, (See Notes below).

(1) Program, (2) Porametors and data.

(a) 7 integers:-

S = Run number.,
T = Pair number.
I =

1 = Prints neans, cuto and cross spectra etc, only,

or 2 -~ Prints means and lagged covariances only,

or 3 - Prints means, covariances and auto and cross spectra.
J,K where 100J + K is the number of terms in each scries,

g % S - / 4 red
L = Largest lag required for covariances (Speatral analysis
is in terns of harnonics of the basic freguency 0¢5/L),

bzt
&

= Largest order of harmonic in spectra, frequency 0e5il/L,

(1) L& numbers (fixed decimal point) D-G i~

)

= Maximum ellowable difference between consecubive values
of series 1.

Maximun alloweble difference between consecutive valucs
of series 2.

=
t

F = Calibrotion factor, physical units per diglt, series 1,

Celibrotion fector, physiced units per diplt, series 2.

Series of numbers, positive or negative, with or without decimal
point, in the order

Xo yU :X:1 3}7'1 X2 pecvses X A

where n = 100J + K,

(4s present, the form of print-out for the digital means and
voeriance assumes the terms are integers between -1000 and 41000 but
this is not essential to the program as a whole(>

Restrictions ~512 <8, T < 512

.o

paeh u——

I=1,20r 3% only

T4 {(al100)

0 <K <99

1007 + K + 3L < 10,238 with €IF 4
6,142 vwith CHLF 3

2 <L <140
1 < L

o

< b
(1) Read in progran
(2) Read in parameters and dabta,
As 1t reads in the dalts tope the computer tests each
i

difference (xr - x, 1)? (yr -, ) and prints out the velue
o -1



Progran 60 p.2

of » in the form J, k where r = J + k for any difference excesding
the given D or E, Velues for the ¥y sevies are preceded by twslve
spases, ALl sush values of r, if awy, are pr vinted and unless
there iz none in both serics the compatatlor will not procesd

any further, but returns to ask for another sot of parameters and
data, uwrting with S, If there are nw "errors' in the data, the
computations and print~out follsw in die course, according to the
parameter L,  Operatisn (2) nay thea be repen ated, starting with
parameter S,

Output (2) mitle,
AR RN
s * - ”
th) Run number, palr number,

(2) EBrror mumbers r {Jeseribed above)

«

(&) TIf there is nothing in (o):-

(1) Number of terms in each series (1007 + K).

(it) %ean.vaiub of series x, mean value of series y
fm,, 4.
{adigit nlts)

(iii) Variance of x, variance cf y, covariarce xy
(aigital uﬂltm)a

(iv) Variance of x, varisnmce of y, covariance xy
(physical arlts)

by

(e) (omly if T =2 or 3) Tor s = 0(1)L prints (1 line for
e

#11 = Normalised auto~covariance of series x, with s lags,
fan = Normalised auto~covariance of series y, with s lags,

42 = Normallised cross~covarlance, x with s time units later
than v,

%21 = Normaliszed cross covariance,y with s time units later
than Ze

-
H

£) (Only if T =1 or 3)

(1) TFrequency increment 0+5/L, (See Notes below)
(ii) For s = C{(1)¥ priuts (1 line for each s):=-

8

Li¢ = Energy spectrum (s»cwtrum of veriance) of series x
(vhysical units),

Eg2 = Energy sp otrum (qpccbrum of variance) of series v

physio 1 units),
(132) Por s = O{1)M prints (1 line for each &):i-
8

Co-spectrum, corrected for & unit time lag

(nqulcal units),

Eie

1

of ¥

m

Eaz*=:Qu%dm5beotr“m, corrected for %-unit time lag of 3
hY
{physical units),

¢ = True phase lag of series x behind series y (degrees).
(If ¢ is negative, 1t means x is leading in phase,)
2 1
¥® = Ooherence of x and vy,

The value of v is left blank for any velue for which
the produst of the MOTN&‘Lqu values of Haq and Eap ig
ﬁO&t ve or less than 107°
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Progran 60 1.3
the progran tape,

guide to the computatbion times
L=M= Time = @

o~

minutes (D, B not

1,

Y uy'a

it

L
n
n rep

:y”Y
computed:

(x T* for physisal units)

o

3]

S

al unit:

&

tcal units)

CTO3S~C

GV

v

ariances:

[{n

H

Y22(3) = [(n

i
H

¢12<S) [(n

i

Bae(s)

il

[(n
wiaere s

Auto spectras
Eq1{z) = /s e14(s

Esq(0) ei1(0)

2

i

where e14(s)

and 27 means
and 8 ig the

H

1

o= i3 4

a_“ b
1) Vil 2o

TS g
Z

ea=-Te)

1) Vaal !

1)VV1S‘ 2l

24

I TEE]T!

lag number,

H

1) + e1w(s) + /4 ea1(s + 1) 8 + 0
1% (1>a
I
i
0

4
LPEV . %
Vg Lo

1

$q11{r) cos (ﬁ%&)

the sum with the first and last terms halved,
harmonic number,

Fa2(s) is similarly defined,

Co~ and cuad-sneatras

{The cross spectrum is usually defined as the complex quantity
Bqp + il4a%),
rgtly the direct cross spectral components are computed:
Pra(s) = Ja £12(s = 1) + & fra(s) + Va £eals + 1), s 40
Fez(o) =% £12(0) + & £42(1)

where £yp{a)

and Fq2%(s) 1s defined similarly

K wl
f'qa‘wffs

h

)

where
Then the corrections
Lyz(e) = Fia(s)

Bi2%(s) = Fia(e)

3
cos BKE

= bFGVWT Va3 Hdrale) + gas(x)] cos (FF5)
in terms of f£42%,
L
= LFGVVSiVza rg” g[@ 2{r) = ¢21(r)] sin Liﬂ

for the time delay are applieds

Py z*(s.} sin s

e

4

) .
cos wks = Feas) sin 1ks



Notes

Pregrem 60 p.it
From these values the phase lag is couputeds
¢ = arcton (B12%/Biz)

Finally, the coherence is evaluated:

The Fourier sums arc computed by means of Wattis iteration process
{see, for example, Cartwright and Catton, Int, Hyd, Rev., Vol. 11,

No, 1, 1963), In the actual computaticns the last terms corresponding
to r = L are smitted for convenience; +the final results alter

Va + Yo + Yu smoothing are quite unaffected by the cmission,

The methed of deriving the spectrun is a standard one discussed, for
example, in "The Measurement of Power Spectra" by Blackmen and Tukey
(Daver pubs, 1953).  The }h + Vo + /4 smoothing process is that
apparently due to a cerdain J, voan Hamn, and is equivalent to
multiplying the lagged covariances by cos?{3)

\ —iﬂ/ ]
In contrast, the Bartlett smoothing process, used in some R,ALE.
prograns, multiplies the lagged covariancas by [1 - (2)| but the
resulting specteal filter (or window) has larger side=lcobes than

in the Hamn process.

The worogran as written assumes that each series is sampled onge
per second, If a different interval (t seconds) is used th%‘gp@qtral
enalysis will be in terms of harmonics of a basic froquency T%f o/s

N . . . N . 3
although the freguency increment will still be prdnted as

9:2 ¢/s. The largest harmonie will have frequency Qﬁ%ﬁ o/s.
i :

4
v
o

@

DAVID CARTVRIGHT






