NATIONAL INSTITUTE OF OCEANOGRAPHY

WORMLEY, GODALMING, SURREY

N.1.0. Computer Programs 8

N.I.O. InTERNAL REPORT NoO. 8

AUGUST 1966



NATTONAL INSTITUTE OF OCEANOGRAPHY

Wormley, Godalming, Surreye.
N.I.0, Computer Programs 8

Errata to

N.T.0. Internal Report No. N.8

1) Cover: Line 4 should read:
NeIoOo INTERNAL REPORT No. N.8

2) N.I.O. Program 82 p.1.
Line 14 should read:
sosaced Mmaximum of 14 dot@eeecsese
Line 32 should read:

eeesees0f main variables (directives) requiredesccss

Last line but five should read:

eessso(Or other date as on program tape)

3) N.I.O. Program 82 p.2.
Line 5 should read:

coesee +2M+2L(1inte pte K/2) + (ecavas

Last line but two should read:

esoseefOr the first set of datacsecas

L) N.I.O. Program 82 p.3
After line 31 insert:

¢:X the lagged normalised cross-covariances for each
Pair of series (preceded by the value of r) for » = =L (1) L.

Line 34 should read:

sesesealito-spectra, in (physical units)z......

Last line but two should read:

easeesniimbers 1 to R

5) N.I.0. PI‘OgI'am 82 POLI-
Line 31 should read:

sessssyn-1, etce

Line 32 should read:

sssenethe respective conversion factorSescess

6) N.I.0. Program 82 p.6
Line 4 should read:

_I1r
Bxx Byy

Coherencqi 'y2 =
Line 7 should read:

......(n being an integer....u
Line 8 should read:

eesosea decimal having values betwWweeNaessan

Lth Januarv. 19487.
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N.I.0. PROGRAMS 8

Roho sounding conversion tables
Spectral Analysis (with data selection and error detection)
Fourier Analysis

Rough tidal weights from harmonic constants

778) Determination of position from Loran goordinates (Ballarin)

Data scrting

Analysis of a marine benthic community
Approximation to a directional wave spectrum
Conversion of fixed field cards to paper tape
Spectral Analysis with pre-whitening
Undervater trajectory

Five to seven track tape conversion

These programs are available in compiled form on magnetic tape.
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NoI o O- PROGRAN 73

Title

Language
Machine

Purpose

Tapes

Job desoription

Echo sounding comversion tables
EMA
ATIAS 1

To obtain a fathom by fathom interpolation of Matthews'
"Velocity of sound in sea water", with tables of corrected
depths in fathoms and metres. Two sets of tables are
nornally required, one for each of the echo-sounder
nominal working velocities of 800 and 820 fathoms/second.

A1l documents are normally on one tape, i.e. job
deseription followed by program and data,

The output specification should be set to (100 + 30 W)
lines or (1 + W) blocks of 7 track tape, where W is
the total number of lines of input data,

The store required is 15/60 blocks

Computing instructions = (250 + 100 W),

Program and data

Qgﬁnut

Restrictlons

Cost

e

The program starts
COMPIIER EMA
and ends
CLOSE

The parameters follow and consist of

1) the nominal working velocity of the echo-sounder in
fathoms/second, e,g. 800,

2) the latthews area number

3) W, the number of lines of data for that area, each
line consisting of 3 nunbers.

Then follows the data, which consists of W lines of
values (in fathoms) of depth at 100 fathom intervals,
correction for that depth, and correction for 100 fathons
deeper,

New sets of data can follow as required, starting at
parameter 2), i.6. the area number, Only one value
of echo-sounding velocity is permissible in any one run,

The last set of data should end
/ and then

®¥ % E 7

Bach page of output is headed by the Matthews area nunber
and the nominal working velocity of the echo-sounder,
The columns are headed and ares-

the sounding depth (fathous)
corrected depth (fathoms)
corrected depth (metres)

The corrections must be given at 100 fathon intervals,

For depths greater than 5000fathons the layout of the
output would be incorrect, i,e, the page width would
be exceeded,

£ W/10 approx,



0.8

Programenr

Program 73 p.2

The correction is interpolated linearly at fathom intervals
from that given at 100 fathom points and is then agdded

to the observed depth, A factor converts the corrected
depth from fatioms to metres, The data is talken from
D.J, Matthews! "lables of the velocibty of sound in pure
water and sea water foruse in echo~sounding and sound-
ranging” published by the Hydrographic Department,
Admiralby, 1939,

STEWART KEMPSTER (see JAMES CREASE)



N,I.0, PROGRAM 7L

Title

Longuege

Machine

i e o

Purpose

Tapes 1)
2)

Spectral Analysis (With data selection and error detection),
EMA,

Atlas 1 (University of London, A.Co8.)

To compute the means, variances, normalised auto-covariances,

and auto-spectra of 1-7 time series; also, for 2 or more series,
to compute the normalised cross-—covariances, co- and quad-spectra,
phase lags, intensities, and coherences for the series taken in
pairs, The program differs from 17,I1.0. Program 67 in that up

to 8 series may be read in although only 7 or less are actually
to be used, In addition, the program will detect and record
errors in the data.

Program tape
Job description and first (or only) set of data.

Other sets of data may follow, up to a maximum of 14 data tapes
in all e

Long tapes may be split into two parts if required, but this will
1imit the total number that can be analyzed,

In this program, the job description and first set (or part of a
set) of data form one document, Bach succeeding tape is a
separate document and so is the program itself,

Program tape

(Capitals denote actual punching)

COLPILER EMA

appropriate version)

MAIN o
AUKTTIARY (o,p)
DULPS 0

Then follows the program, ending 1rith

EE S A

Program porateters
AT A R R o L ¥ S e OBEE

The Directivesfor chapters 1 and 2 must be set as described on
the program listing at the beginning of the relevant chapters;
directives for chapter 0 need not be altered.

The main store reguirement ¢ should then be set to be greater
than the total number of main variables (directives) required
in any of the three chapters, (Iote that X -——> 1000 allocates
10071 storage locations).

The auxiliary store recuirement p should be set to be greater
than [D' o+ (L + M o+ Z)Kz] or [D’ + NK}, whichever 1s the greater,
where D’ = K(21 + 6), L is the number of lags required, M is the
nuidber of freguencies required, N is the number of terms/series
and X is the number of series to be used in the computations.
When using the program with several sets of dates, the main and

auxiliary directives should be set to their largest reguired
values,

Job description and data tapes

N.8

JOB

Job o, (sec P, Biwerds), and Job Title.



Progrem 7h pe2

INPUT
O S001 HIO PROCRAM 7l SELZCTED SFECTRA 17/7/1965 (or other date

45 on program tape) .

AT D
SEIFR = 1

The renaining sets of data, if any, are then listed, with the
document numbers running consceubtively from 2 to a maxinum of
1, Tote that the two parts of a sincle set of data must be
on consecutive documents, and in the correct order,

2 3001 RUN 32
3 3001 RUN 7k PART
L 5001  RUN 74 PART
5 3001 RUN 67

Ny -

Then follows:~
QUTRUT
O LINEPRINTER = LINES
STORE s BLOCKS
OMPUTING t  IUSTRUCTIONS

The number of lihes of output

f' -
m o= B 150+ Ll 2L (dnt pt,K/2) + (M+6) %ﬁﬁ%llfﬂ
17 7
where B is the number of sets of data,

/ N
The store s blocks = 14 + (4.5 wm»éOCk)

\ Eil Y.

The computing t instructions = 5000 + ¥

and R{5000 + "*NI/80) - 1800{B~1) for B sets of data.

Then follows the first or only set of Cata preceded by its

parane ters: ~

1) DATA

2) DATA TITIE

3} Title of the first set of data (one line only)

L)  An integer (A) equal to 1 or 2 according to whether the data
is 1un one or two parts.

5) An intes ser (w) eq ual to the nusber of series to be used in
the spacitral anclysis,

6) An integer (L) ogqual to thoe number of covariznce lags
recuired,

7) Jn integer (M) equal to the nuuiber of freguencies reguired,

- Y .

8) An integer (R) eousl to th: total number of series 4o be
read in,

A P . . N . . o

9) X integers, being the numbers of the series reguired for

spectral uﬂelfSiS. (¥,7.: The firss series is 1 and the
last is R), The mumbers nay be in any order,

S OJ

10) The X numbers required to convert the X series to phy51cal
units (each number being a ratio of physical/computing units),

11) The K nuibers being the time lazs of each of the K series
relatlve to the Tirst, in deeimal fractions of the time
betveen successive +erms of the sawe series, Thus the
first number should be gero, and if all the series were

B sampled simultaneously all the other mumbers will be zero
N.8 also,
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Output

Program 74 Pe3
12) T, the sampling interval

Then follows the data, the R series of numbers being arranged
sequentially, i,e., wita the first terms of all the series first,
the second terms next, and so on, The data must obey normal
Atlas rules,

Any subsequent sets of data should begin:

1) DATA

S001 RUN 32 (or other name, exactly as used in the job
description)

Then continue punching from 2) as for the first set of data i,e,
DATA TITLE ete.
If a set of data is split into two parts, the second part should
begin
DATA
S001 RUN 74 PART 2 (e.z.)
followed by the data.

Each set of data should be terminated with
# & >> (with two exceptions listed below,
followed by 12" runout then

***Z

If the data is split into two parts, the first half should have
) ) in place of >>

and the final, or only, data tape should have // in place of >>.

[The series are referred to as numbers 1 to X in the order in which
they were read in, not in the order that they were selected in
item 9 above.]

Data title.
Numbsr of terms in each series,
Time lags (decimal fractions of time between successive terms of

the same series).

T

X the means of the series,
2
X!, the ueans converted +to physical unitse

Vx’ the variancesof the series.

V%’, the varidances converted to physical units,

9
@xx’ the 1ag§ed normalised auto-covariances (preceded by the
value r) for r = O(1)L, where L is the number of lags
specified,

Vv .- .
Xy Xy , the un-normalised cross-covariances at zero lag,
firstly in compubting units and secondly in physical

units,
ny’ the lagged normalised cross—covariances for each pair of
series (preceded by the value r) for r = =L(1)L,

The frequency increment between successive spectral estimates,
in cycles/time unit. )

va’ auto-spectra, in (physical units)%/cycle/ﬁime unitg
- (preceded by s, where s = 0(1)k).

Cross—spectra for each pair of series, preceded by s and consisting
of 1=



Program 74 polt

'F"\

B EKY*’ co and quad-spectra (in physical units?®/cycle/ time

unit,
I, intensity.
¢, phase (in degrees).

yz, coherence,

If data contains any errors the words “"ERROR Iif DATA"™ will be
printed followed by a list of the series and term numbers
containing the errors, Errors in any of the R series will

be recorded and the series are referrcd to Ly the numbers
1 to R.

Letters and spurious characters will all be detected, but a
single space will not, his means tihat two adjacent numbers
may be read as one number resulting finally in there being
one too few terms in the last series, This will be detected
and the words "SERIES HAVE DIFFEREIT NUMEBERS OF TERMS

will be printed.

Single >, ). or / will be logged as errors but >>, )) or //
will be read as data terminstors.

If the total number of incorrect terms exceeds LR the logging
will cease and the program will go on to the next set of data,
This will also happen if the total number of individual spurious
characters or letters exceeds 100 (e.g. if a spurious letter shift
occurs all the succeeding characters will be taken as one term

and no usef 1 purpose would be served by logging them all to the
end of the data,

If a set of data contains any errors at all, even in the series
not used, the prozram will net carry out any computations but
will proceed to the next set of data,

Restrictions
1 <K<
1 <R <38
K<k
1 <ML N2
N < 10,000
Maximum number of data documents = 14
Cost Examples (all for 4 set of data; price per set reduces for B > 1)
1) TFor analyzing 1 series of 1200 terms, M = L = 50 £9
2) Tor 2 series of 2400 terms, L = 100, I = 50 £12
3) TFor 7 series of 500 terms, L = i = 50 £18
4) TFor 3 series of 3000 terms, L = M = 100 £25
5) For 2 series of 5000 terms, L = M = 500 £
Definitions Let the first series of data xs be Xo, X1, X2, X3 eoeee Xy

and the second series of data Vs be
yd, YU yz, Vieaes YN_1, etc.

Let F, G, etc,, be the respective conversion factors from
computing to physical units,

N-1

Means: \

X =1 ; x. for each series e N terms.
A

N .
3=0
X! = PX
-
Veriances: V, = 1\ x'°
P / +
i=0

wiwre x.! =x. - X, then V ! = 72
4 1 s n v, F V#
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Program 74 p. 5
Lagged Normalised auto-covaricnces:

Newpead
-1 \‘\
(r) »—\7(15 ~r~1)V ) X0 %
i=0
Cross—-covariances:
4;-'..1
V., = L \ x, " y.!
Xy N-1 i Y1
1=0
'=FC OV
Xy Xy

Lagged Norm lised cross~covariancesg

Negative lagg:=

N
— -—-1..-'1 Famm
. T, '4 ?
v (&) = L(I\. r 1)foV3rJ ZJ X0 Ty
i=0
PositlvefiagS:— .y N ]
v S . R 4
v () ML(N r 1)\/i"fxvyj Z X’ Vi

Frequency increment between successive spectral estimates is

0+5/1T cycles/time unit (e,g,, o/sec. )

i.e., 0°5/L cycles/time interval (T)

Auto-spectra:

I.‘.,..,\ "
Exx(s) = 4TZX' > ' ¢Xx(r) cos <%%E>
=0

e

where §> means the sum with the first and lost terus halved,

/
[
A

and ¢ (r) = v (r) cos? \ZL\

Cross-spectra:

Co~snectrn-

L
E (s) = hi*qVVvVT j;ﬂ [é () + ¢ y(rjw cos <qu\

Whereéyx(r) u (r) cos? / \

and ¢X‘(r) is similarly defined,

Quad=~spectras:

" (2) = bIRC T > %[ ) = (r)

(@

The Cross—spectrum is then defined as Eyy + iEXy*
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Program 74 p. 6

. : Z X
Intensity: IT=9VE " +E
E b
, -1
Phase lag: $ = tan | wr
Xy

2 2
Coherence : ve = _ 1

Corrections for time lags between geries

If there exists a time lag xT between corresponding terms of series
n and series 1 (n being an integer with values from 2 to 7 inclusive,
and x being o decimal having values between 0 and 1 inclusive), then the
cross—-spectral estimates Exy(3> and Exy*(s) are modified as follows to

#{ dhere s
ny(s) and ny (s) where:

—- W ZT.S.,?.E”” ® i Tsx
ny(s> = uxy(5> cos < = > By (s) sin < T >

f) = m % mex _ (o (TSE
and ny (s) = By (8) cos ( 7 / Exy(s) sin ( T )
Then the computations of intensity, phase lag and coherence proceed

using ny(s) and.FXy*(s) in place of Exy<s) end EXV*(S>.

%/

Notes 1) This progran uses NIO Programnms -1 to carry out the
computations, programer: JAMES CREASE,
2) The method of evaluating the power svoectrum is identical
to that in NIO Programs60, 67 and €9 except that the

terminal values of the spectra are evaluated slightly
differently in NIO 60 ani 59,

Programmer BERIAN HINDE
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Fourier Analysis

Languag EMA
tlachine ATLAS T

Purpose To compute the Fourier coefficimets of a sing
data points

Tapes 1) Program Tape
2) Job description and data
Program Tape  COMPTLER EMA
S001 NIO PROGRAM 75 FOURIER ANALYSIS (ATLAS) L4/3/1966
(or date of appropriate version)
MATN 480
AUXILIARY (O, p)
DUMPS O

§

Then follows the program ending with

B H X Z
The auxiliary store p = n (the total number of terms)

Job description and data

The output specification shonld extend to 3W/2 lines vhere
W is the number of harmonics required or to the integred pard
of (1 + WD) tape blocks.

/3
The store reculred > pr g /512

The eccuputing instructions = A0 + Wn/20
g O

the date begineg w

th a run naber (A) woiich must be integer
followed by W, tI

1e nurber of harmonics required,

Then follow the n values of yp which may be positive or
negative but should not exceed 1200 for the layout as at
present arranged, The tape s ould end with > on a new line
followed in the usuel woy by = = =

- 7
w X K 4

Output The output is headed with +the run mumber and then follow
the values of jJ, a3, b3, ej and ¥ (see lMethod) with 3
] - e - % -
digits before and & after the decimal poin®t, Extra

new lines are included after every 10th anl 177th harmonic.
If there is a spurious character in the data the progran

outputs this cheracter followed by the next ten nunbers on
the data tape,

Restricticns n < 100,000

W <n1 fornodd and € n for n even

2 2
A < 9999
Cost Approximately 3n shillingss vhen W = n/2
Hethod Given F(x) is of period 27w, its values yp being known only

at o diporete set of equally spaced points, xp , covering
a periol interval, tie program computes the coefficients
. . N . . S
ajs, b3, ¢35, Y5 when F(x) is expressed in the Form:-
¥ o= ao + a4008 X+ 82008 ZX 4 83005 3K 4+ smesesea

+ bysin x4+ bsin 2% + b3Sin 35X b sesssee



Progran 75 p.2

or
. ST 3y in{ 2% T,
¥ = 3o + @181M(X + ¥q) + cesinl(2x + ¥a) + ,,,.,..
:y'x.:yo y“[ YZ R ER] yll...&

_p2m 2m2 2m(n-1)
Xr'_ n n 2R N B BN BN n

where r = O{1) n~1 and n = number of terms in 7

If j refers to any coefiicient

. P P .th . .~ s
a the coefficient of the j cosing harnonlo

dJ

i

1
L4

b. = the coefiizient of the j
; e . P Bh L ; .
cy = the coefficient of the J 51nﬂ(x) harmonioc

gdho,

{

V5 = the phase of the J sinf(x) h
on output)

jae)

sriionic, (@j = X3

L1
-—'l hY o-b — » .
ao = = Vo tbo =0 1 co =as
JT=0
n-1
a..«é L'\r 2:5:3‘71\)»-2"-
3EE ), e oos (2= 54
=0 :
n~1
2\ 2riT\ _ 2
b = = ¥, sin [ ===} = £ B,
3 = /) 3 in | - ]BJ
=0

where j = 1(1) E%i vhen n is odd

3 =101) % -1 and
n~1

n 1

o = = | v, cos(rm) = bE =0 : oy = By
=0 2 2 >

when n is even,

Tn this preogram 85 and bj are calculated fron Aj and Bj, where

/ey s
A, = 1ty - ‘t_‘ cos {:ﬂ)
J \ 2

/25T
B. = T4 sin (%=} and
J LN
\
th =0

tn~1 = yn~1

23\
ts = 2’ci+1 cos ~E~) - ti+2 + V. where 1 = n~2 (~1)O,

Notes The program is based on RAE 284/A by Hiss ®.V. Hartley
Frogrammer BRIAN HIVDE

N.8
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Title

e~

Language

Purpose

Tapes

s

Data

- —

Rough +idal weights from harmonic constants
Hercury Autocode

To compute two sets of six weights for expressing roughly the
diurnal and senmi~diurnal tide at a port as COﬂvolutﬂons of the
complex spherical harmonic coeii_01ents ci and C3 (reference 2)
with lags ~2, 0, and +2 days respectively, using the principal
harmonic constants,

Program, Data,

Ten pairs (I in feet, g in degrees) from the following constituents
in the order given:
Q1 01 P4 Kg J’i 2No N2 Mg Sa K,z

Further similar sets of ten pairs from other ports may follow.

End indication

Operation

5 =

Progren and data tapes end with ————>

Read program, then data, Output for one species is punched
bef'ore reading data for next species, or for next port,

1) 5 rows: f H g X Y for diurnals
2) A 3 x L oarray:

Po pu' u v
-1 -1

P1 p1’ Uo Vo

a1 qt! Uy Vi

3) Veighted variances of X values before and after least
squares i, followed by similar veriances. of Y values,
L) 2 rows: £ X Y R ¢ for £ =035 («01) 1405

8) As 1,

- L) for se 11—d1urnqls, except that in 8)
= 1235 («01) 240

Restrictions and failures Non

Time

Hethod

07 + 0+9% minutes, where p 1s the number of ports,
For each pair (u,o) a complex linear admittance is evaluated

from the foruwila

7 = Xi¥ = K(H/H!)e 8 | (1)

In (1), H! = 2c’/(WE) (a? p%/c?) = 045857 of feet,
where ¢’/ is the appropriate coefficient given in reference 1
(e-ge 0290812 for Mz), and

= V(5/24m) (minus for diurnsls),
in accordance with the normalising factor used for spherieal
harmonies in reference 2, (The actual value of Ke!/H’ used
in the program is * 04397). The adnittance Z(f), (f =
frequency in cycles per day) relates local sea level to the
gravitation potential coefficients ai{t) or a3(t) used in
reference 2, 8ine waves of period 0¢5 in f are fitted o
the sets of X(f) or Y(f) values by the weighted least-squares
formilae: ’



Program 76 p.2

T 7] i
Zi; H {mpo + Py COS hﬂfn + ¢! sin Awfn - X(fn)*J ninimem

n
derm
n::'l‘
& .
H2 | po’ + p¢! cos 4t 4+ g¢’ sin hwf ~ Y(f-.) | minimum
/ n| n n n’ |

where the appropriate freguencies fn are included (as also c’ﬂ)
as program congltants,

The weights W and Vo in the convolution form

Y“‘ r ¥ | . | 1.«‘ i 1 an
3 L?Ta (t-2+0r) + v, b (£-2 o;)~§ (t in days)

are derived from the sets P and 9. by the relations

Vo = Poy; Vo = GQo,

% (p1! - a4)

17 1 3
uy =2 (p1 - a1?), vi=% (p1! + a1)e

i

u_, = %= (p1 + q1'), v_

The first two variances given are
sH? X2 %Hz and ZHZ'—XZ» poX_~ p1X_ coshuf - q4X_ singwf TH?
“'n n/ n’ S| fnT PotyT Pify COSRIR, T odid, n i/ “n

respectively; the second two variances relate to Y similarly.
The final lists (&) and (8) are of

I(£) = Do + Py cos Luf + gy sin Lt

T(£) = pot + p1’ cos knf + g4’ sin baf,
R(f) = V(X « §2>, and ¢ = arctan (T/X)

for the given ranges of values of .

Notes 1) The weights u, v are intended, not for a serious prediction
formula, but for a convenient "complex sea level™ input in
non~linear analysis,

2) The weights Z? in the least-squares formilae assume a sampling

varionce of X and Y proportional to (noise energy/signal energy),
with the noise energy level constant over the freguency band
congerned,

3) The constituents My and L, would £ill gaps in the frequency
scale, but have been omitted because they are velatively
small, their definition is dubious, and the interpolation
between the reliable pairs 04, Ky and Mz, 32 is probably
adequate,

I) An analysis involving lags other than * 2 days can be obtained
by replacing the instruction Co = L7 at the head of Chapter 0
by Co = hu/12 where h is the reguired lag in hours,

ERQEEE@EEE& D.E, CARTVRIGHT
References

(1) Doodson A,T. (1921) Proc. Roy. Soc, A 100, 305-329,

(2) V¥imk W,H, and Cartwright, D.E, (1965) Phil, Trans, Roy,
2
Soc, (in press);

N8
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N.T.0. PROGRAM 77

Title

Language

Machine

Purpose

Inputs

Program

Determination of position from Loran coordinates
(BALLARIN).

EMA
ATLAS 1

To compute the geographical position from the two
Loran readings of a Loran chain having a common
master and two slaves.

0) Program

1) Job description and data

The program starts

COMPILER EMA

SOo! NIO 77 POSITION FROK LORAN COORDINATES (BALLARIN),
2Y'7/1956 (or date of appropriate version)

and ends

CLOSE

T,

Job description and data

In the job description, the number of lines of output
= (number of Loran pairs for which position is required
+ number of captions + 100),

the store required = 15/70 blocks,
the number of computing instructions = 700 + 8 (number
of positions to be computed) + 8 (number of Loran chains) ,

The job description is followed by
DATA
1) DATA TITLE
2) one line of general description of the data

3) geographical position of master station in degrees and
minutes (with decimals). N and % are +ve, S and E
are =-ve

) geographical position of first slave
5) geographical position of second slave

6) coding delay of first slave i.e. the reading on the
slave base~line extension

7) coding delay of second slave i.e. the reading on the
slave base~line extension

8) / (solidus)

9) DATA TITLE

10) one line of specific comment on the data to follow
11) Loran readings of first slave

12) Loran readings of second slave

Items 11) and 12) may be repeated as often as required,
i.e, any number of pairs of Loran readings mey be input.

A new specific comment may be intreduced by repeating
items 8) and 9).

A new Loran chain may be introduced by following item
12) by * (asterisk) and returning +o item 1). The last
set of data should be followed by » and #aexz_
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OQutput

Method

Programmer

Program 77 p.2

General data title
Specific data title
Headed columns as follows:—

slave 1 coordinates

slave 2 "

geographical position, i.e. latitude and
longitude

errvor - should be zero

If a second geographical position appears on the same line
this means that the two hyperbolae defined by the pair of
Loran readings have a second intersection within + radian
(about 1700 miles) of the master. The choice between the
two positions then depends on the user's knowledge of
approximate position.

This is as described by BALLARIN in "The International
Hydrographic Review" vol. XXVII, 2, p.31-50. It
involves transferring coordinates on a spheroid to
coordinates on a sphere., The spheroid used is
HAYFORD'S,

The velocity of propagation of radio waves in the ground
mode over the sea is taken to be 299°6929 w/us,

The common station of the three must be the master.

JAMES CREASE
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N.I.0. PROGRAM 77/A

This program is similar to NIO Program (7; 1t differs in its
purpose, which is to produce a table of geographical positions from
a regular sequence of pairs of Loran readings from a Loran chain.
In this program (unlike NIO Program 77) the common station ef the
Loran chain need not be the master; indeed, it might be the slave
of two separate masters at the other stations,

The only practical ways in which NIO Program 77/A differs are
as follows:=

Data item 6) coding delay of first master-slave pair, i.e. the
Loran reading on the slave or master base-line extension,
whichever is less, followed by +1 if the master station
is the common station and -1 otherwise.

item 7) same as 6) but for the second master-slave pair.

item 11) first Loran reading of the first pair followed by
the increment (+ ve or - ve) for successive readings,
followed by the number of increments.

item 12) first Loran reading of the second pair, and so on as
in item 11).

Note that the station which acts as master for one pair is not
necessarily master for the second pair,

Qutput The layout of the cutput will be the same as for NIO Program 77
but will start with the geographical position of the point of -
interseetion of the first pair of Loran veadings listed in items
€)and 7). Following positions will be those obtained by
incrementing the second Loran reading by the specified increment
for the given number of steps. Then this cycle is cemplete the
first reading is incremented one step and the cycle of increments
on the second pair repeated, and s on.
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N,I.0, PROGRAM 78

Title

Language
lachine

Purpose

Program Tape

Data sorting.

EMA

Atlas I (University of Lendon, A.CeS,)

CGiven a sequence of three—-digit integers a4, by, c1, 44,

az, b2, ca2, dz, a3z etc, to punch out two 5-hole tapes
i\» 14, G2z, a etc,
ii} ¢, ca2, cox etc

(Capitals denote actual punching)

COMPILER LM/

S001 NIO PROGRAN 78 DATA SORTING 18/11/1965 (or date of

appropriate version)

AT 5500

AUXILIARY (0,0)

DUMPS 0

Then follows the program, ending with

Job description

and data tape

Qutputs

*® ¥ % 7
JOB
Job No, (see P. Rdwards),snd Job Title
INPUT

0 3001 NIO PROGRAHM 78 DATA SORTING 18/11/1965 (or other date
a3 on program tape)
SELF = 1
OUTPUT
1 PIVE-HOLE PULICH 5 BLOCKS
2 FIVE~HOLE PUKCH 5 BLOCKS
STORE 27 RLOCKS
COMPUTTIC 4000 TiSTRUCTIONS
DATA
Then follows the data to be sorted, which must ebey normal
Atlas TLA rules,
The data may end with £ A >
A A >>
A A/
or A/ /

i) OUTPUT 1
Job No, and Job Title

Then follows the first data term followed by the fifth,
the ninth ete, punched in a suitable foarm for printing
or inputting to NIO 7h.

The tape will end with >>

SND OUTPUT followed by the logging information,



ii) OUTPUT 2 Program 78 p.2
Job Mo, and Job Title

Then follows the third datas term followed by the seventh
etc,

The tape will end with //

END QUTPUT followed by the logging information

Any errors in data will be indicabed by the words
"EAULT IN DATA"™ on output 1.

Restrictions Total number of terms of input < 10,000.

Cost £7 for 10,000 terms,
Progremmer BRIAN HINWDE
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N.I.0. PROGRAM 79

Iitle
Language
HMachine

Purpose
Tapes

Data

Output

Method

Programmer

References

Anelysis of a marine benthic community

EMA

ATLAS 1

Special purpose program vwritten for MARTIN ANGEL
Job description, program and data all on one tape

Pairs of values of numbers of readings of species and
sediment grain size,

For specified block sizes, values were obtained of mean,
variance, covariance, correlation coefficient, and t
(significance),

The method followed was that of pattern analysis with
covariance analysis described by GREIG-SMITH.

JAMES CRTASE

GREIG-SMITH, P. 1952. The use of random and contiguous
guadrats in the study of the structure of plant
communities. Ann. Bot. 16, 293-316.

GREIG~SMITH, P. 1961. Data on pattern analysis within plant
comminities.

1. The anelysis of pattern. J. Ecol., 49, 695-702,

KERSHAY, K.A, 1957. The use of cover and frequency in the
detection of pattern in plant communities. Ecology, 38,

291 '“299 °

KERSHAW, K.A. 1961, Association and covariance analysis of
plant communities. J. Ecol., 48, 233-242,
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Title Approxination to a directional wave spectrui,

Language EMA

lachine ATLAS A

Purpose To estinate the directional specltrun of sea waves fron

values of the first four angular harnonics (as obtained
using IO Progron 68 for exagp¢e),

Tapes 1) Progran tape
2) Job description and data
Progran tape (Capitals denote actual punching)
COIPIIER LA

S0 NIO PROGRAN 8D APPROX DIRECTIONAL VWAVE SPEC UWT31/1/196C
(or date of appropriate version)

MATIT 2000
AUXTLIARY (O, O)
DUIPS O

Then follows the progrem, ending with

Job description and data

JOB
Job No,, Job Title
INPUT

O S0 17T0 PROGRAL 8D APPROX DIRECTTON'L W VE SFECTRUM 31/1/1966
(or other date as on progran tape

SEIP = 1

O LI P Iy

O LINEPRINTER £ LINES
STORE 20 BLOCKS

COMPUTING t INSTRUCTIONS

The nurber of lines of output is given by £ = 100 + (1DL+5D)B
where II 1s the nunber of freguencies stipulated
and B is tho number of sets of data specified,

The ccmputing instructions t = 750 + HOBI,
Then follows the data:~

1 ) Dw ™ ._L.L 3

2) DLTA TITLE

3) Title of the first set of data (one line only)

%) An integer (I1) equal to the number of frequencies at which
the directional spectrun is required,

Then followsthis sequence for each of the I frequencies:-
a) An integer representing the freouvency (e.g, 5 for D05 ¢/s),
b) MAngular harnonics agy az by ba,

¢) The energy at that frequency (e,z, the doubly integrated
acceleration spectral estiuate),

d) A calibration fﬁctov to bring the resulting mpectrun to

the required units (e,g., 3°4808 for converting metres ‘o
feet).

The next set of data then follews beginning with DATA TIPLE



Output

Restrictions

llethod

Programn 82 p,2

The last set of data should be followed by
DATA TITIE

EID OF DDA

>

¥ ox® B I

Data Title

The

angular harnonics aq to as by to bs for each
frecuency and also the value of ¢ (Sb\/ ‘k“bhO(l)

The angular distribution of energy (normalised)at 15°
intervals and at each frequency where the angles
directions of propagation of energy.

The

15¢

the

¢.8s For M = 6, 22/~ for a single set of data

are the

directicnal gpectrun of energy in physical units at
intervals and at each frequency where the 'moles are

directions of arrival of encrgy,

last set of results is tewninated by EID OF

50
20

Qs

DATA

1/6 per set of data when L sets are

input together,

£t each frecuency:~

c = 5S4+ Sz
2
where Si = o1, Sz = {11 Joa+ V1 + Thea v c2”)
T=c1 2(1 ~ cz)
and cq = +Ja12 + b@g
Ca = + /&22 +b22
'\
as o(o-—’])(c-?i) ., cos 3 5;
bs (e+1(c+2)(c+3) sin 3 @
where & = tan | by
a4
and
as c(o~’l)(o"~2) (c-3) cos L :@:
b = (or1)(0x2) (o430 (oek) * sin b O
The angular distribution is then cvaluated:-

‘ , .
Ge(d) = 1 [O*BO + {T;E W (anoosq’J + 'bnsingb)}]
.o )|

where W4

= 0-8889
Wa = Q6222
Ws = 0=339
s = Oediil

Ly — SO O b
g') "Op 15 ] )7'\-} WP ILCO Ps A )’4‘50

Flnelly the dircctional spectrun is evoluated:-



Progran 80 p.3
¥(o,¢) = B(0) K Ga(d")

where ¢’ = ¢ + 187
and K is the calibration factor mentioned in section
I 4) of the data specification,

Notes The above nmethod should only be employed when either
the data were insufficlent to evaluate azwms, bDzg
directly (e.g, fron a pitch-roll-heave buoy5 or when
the the values of thess coefficients are in doubt
(e.g., when the signal-to-noise ratio in wave curvature
signals was poor),

The above nethod uses aj-~2, by~2 to estirmate nean directions
and width paraneters to £it the form
5) 2G4 0..5)
G(d)a cos® 5(0-6),

Tull details of this nethod of analysis may be found in:-

Longuet~Higgins, 1,S,, Cartwright, D.E,, & Suith, N.D,
"Ocean Wave Speetra pub, by Prentice-Fall (1963)
pp 111132,

and

Cartwright, D,E,, & Suith, N,D,, "Buoy Technology” pub, by
llarine Technology Society, Washington (196k) pp 112-121,

Programner BRIAN HINDE

v -
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§.I.0, PROGRAN §

Lenguage

Furpose

Input

Job description

Conversion of fixed field cards to paper tape
EMA and ATLAS T machine code
ATIAS T

To convert data punched in fixed field format on cards
into data on five or seven track paper tape. Four
versions of the progranm ave available, being for onc
oi* four input decks, each deck consisting of either
two or three series. The series will be interleaved
in a form suitable as input for N10 Programs 67, Tk,
82 etc.

1) Job description and program are normally combined as
one document on input streamO.,

hY

2) For single channel vorsion:- One deck of cards on input 1
For four channel version:- Four decks of cards on inpubs
AT

and pro

il S

1 tape

The titles of the data decks should be listed exactly as
on input 1 (single channel version) or on inputs 1-l

The output will eppear on the output stream corresponding
to the input and the specification for each channel should
extend to _3D blocks where D is the number of digits to

5000

be punched oute. The output can be on five or seven track
tape.

The store required for compilation is 70 blocks

The store required for execubtion is 25 blocks (single
channel version) or 31 blocks (four channel version)
for two series; thome ave increased to 30 and 36

respectively for three series per channel.

The computing instructions = 750 + NSB

where N = Number of terms per serles
S = Number of series per channol
B = Number of channels (1 or 4)

COMPILIR EMA

MATN q ( g > sum of directives in chapterO)
AUXILIARY (0,0)

DUMPS O

Then follows the program title indicoting the fields to
be read from the cards, the number of channels, the nunber
of series per channel and the progrem date.

eﬁgl

>> NIO PROGRAM &1 FIXED FIELD CARDS (COLUMNS 21-52) TO

>> PAPER TAPE FOR FOUR CHANIEL INPUT, 2 SERIES 19/5/1966
At label 20 at the end of the progrem is given the field
specification for the data to be read. e.g. If the data
is in columms 17-20 and 24~27 only, then the line should
read 20) INTEGIRS 17, 20, 24, 27, =1,

The table must always end with -1 and the number of columns

specificd must be even. The number of columns per field
must noct be less than four,

The directives at the beginning of chapter O and the
limits on XT, YI’/ and ZK in that chapter should be set
as required.

The progrom ends with

®

% 4

[
b
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Data

Qutput

Progran 81 p.2

For each input channel:-
Cards 1-3: Blank

Card L: DATA in columns -4
Card Hr Title exactly as in Job description, beginning
in column 1
Card 6 onwards: Series 1 punched in the fields specified

in the progran., There should be no blank fields and the
value of any of the terms should not exceed 9993, No

over punching is allowed, so a negative nurber rmust be
indicated by = in a column by itself, Decimal points

nay, however, be indicated by vunching in rows 10, 8 and

3. A1 fielids must be at lenst four columng long although
smaller nubers cen be accomnodated by punching non=
silgmificont zeros or lenting thé appropriate columns

blank,

After the last nuwiber of series 1, the nuaber 9999 should

be punched in every remaining field of +the card or, if the
series ends in the last field, a card with 9999 in every
field should be inserted, Then follows the second series
terninated in the same way as the first, then the third
series if required, The final card is the usual terninator
card with 7 & 8 punched in its first colurmm and Z in its
last column,

If two pr three scts of data are to be input using the
four channel progrom, dwayy inputs rust be inserted; con-
sisting of o card with 9999 in every field, after the title
cards -5, This is followed by the terminator card as
usual,
On each output strean:-

NIO PROGRAM &1 OUTPUT

Sun of series 1

Sum of series 2

Sum of series 3 ﬁfpmmmm)
Then follows the two series arr nged as below:=

X4 WA -] Fa

Xz ¥z Xa Ya etece
or the three series

X4 J1 Zyq X2 Ya Z2

X3 Y3 Zz Xa Ya Za etc.

Each number is preceded by its sign (if negative) or one
space and followed by two spaces,

If a spurious character (those other than + - . O-9) ocours
in the input the words "FAULT IN DATA"™ will be output followed
by "P=" and the faulty character,

If the two (or three) series have differ.nt numbers of
terms the words "SERTES IIAVE DIFFERENT INUMBERS OF TERMSY
will be output,

If a blank field occurs in the input the words "BLAIK
MIELDY will be output,

Following the foult ddagnosis will be the number of the
last correct term read in labelled with
"T="  for scries 1
UT/=" for series 2
and "EK=" for series 3

If there are more terms per series than allowed for in
ne progran (normally 2533), "TO0 MANY TERMS"™ will be
output



Restrictions

Cost

Programner

Progran 81 p.3

Whenever a fault is located the program will immediately
go on to the next input channel,

N < 2500 (but can be greater by altering the linits set
in chapter O)

S =2 or 3 only

B =1 orl only

No, of colunns per f£icld 2 L and all terms € 9998.

(MD + NSB} shillings anproxinmately,
\ 30/

The program uvses roubtine 101 written by the staff of
the Atlas Computing Service, University of London,

BRIAN HINDE
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N.I,0, PROGRAM 82

Title Spectral Analysis with pre-whitening,

Language EMA

liachine Atlas I

Purpose To compute the means, variances, normalised auto-covariances
and auto-spectra of 1-7 time series with pre-whitening;
also, for 2~7 series, to compute thenormalised cross-
covariances, co- and quad=-spectra, phase lags, intensities
and coherences for the series taken in pairs., Up to 8
series may be read in and up to 7 can be selected for
analysis,

Tapes 1) Progran
2) Job description and first set of data
Other sets of data may follow, up to a maximum of 4 data
tapes in all,
Long tapes mey be split into two parts if required, but this
will limit the total number that can be analysed,
In this program, the job description and first set of data
normally form one document, Each succeeding tape is a
separate document and so is the program itself,

Program tape Begins
COMPILER EMA
S001 NIO PROGRAM 82 SPECTRAL ANATLYSIS WITH PRE~WHITENING

19/4/1966 (or date of appropriate version)

and ends
® o HE 2

Progran parame ters

Job Description

The Directives for chapters 1 and 2 must be set as described on
the program listing at the beginning of the relevant chapters;
directives far chapter O need not be altered,

The main store requirement should then be set to be greater
that the total number of main cariables (directives) required
in any of the three chapters, (Note that X ——s 4000
allocates 1001 storage locations,)

The auxiliary store requirement should be set to be greater
then [D/ + (L + M + 2)K®] or [D’ + NK], whichever is the
greater, where D’ = K(2M + 6), L is the number of lags
required, M is the number of frequencies required, N is

the number of terms/series and K is the number of series to be
used in the computations,

When using the program with several sets of data, the

main and auxiliary directives should be set to their largest
required values,

JOB

Job No,, Job Title

INPuT

O 3001 NIO PROGRAM 82 SFECTRAIL ANATYSIS WITH PRE~-WHITENING
19/1,/1966 (or other data as on program tape)

SELF = 1

The remaining sets of data, if any, are then listed, with
the document mumbers running consecutively from 2 to a
maximun of 14k, The two parts of a single set of data
must be on consecutive documents, and in the oorrect order)
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€efn 2 S00O1 RUN 3L

3 S001 RUN 7k PART
L 5001 RUN 7k PART 2

Total lines of output generated =

B {150 + L+ 2M + 2L(inst, pt. K/2)+(24 + 6{1.‘1%‘1).]}

where B is the number of sets of data,

The amount of tape gererated, if required, =

B{oo5+o-oos[L+2M] +00Lint.pt.X/2] + -O1I<;[2M+6}[K~1]}B blocks,

Store required = 11 + (P + ;11; 63:0) + B

Computing instructions =
B (2000 + K*NI/8O) - 1800(B~1)

1) DATA
2) DATA TITLE
3) Title of the first set of data (one line only)

4) An integer (A) equal to 1 or 2 according to whether the
data is in one or two parts,

5) An integer (K) equal to the number of series to be used
in the spectral analysis.

6) An integer (L) cqual to the number of covarinnce lags
required,

7) An integer (M) equal to the number of frequencies
required,

8) An integer (R) equal to the total number of series
to be read in,

9) K integers s being the numbers of the series required
Tor spectral analysis, (N.B.: The first series is
1 and the last is R,) The numbers may be in any order,

10) The K nurbers required to convert the K series to
physical units (each number being a ratic of Physical/
computing units),

11) The K rumbers being the time lags of each of the X
series relative to the first, in decimal fractions
of the time between successive terms of the same
series, Thus the fir.t number should be -.ero, and

if all the series were sampled simultaneously all the
other numbers will be zero also,

12) T, the sampling interval
13) C, the pre-whitening factor defined below in "Definitions"

Then follows the data, the R series of numbers being arranged
sequentially, i.e,, with the first terms of all the series
first, the second terms next, and so on, The data must

obey normal Atlas rules,

Any subsequent sets of data should begin:
1) DATA

8001 RUN 32 (or other name, exactly as used in the job
description)

Then continue punching from 2) as for the first ser of data
i1.2a
DATA TITLE etc,



Output
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If a set of deta is split into two parts, the second part
should bepgin
DATA
S0O1 RUN 74 PART 2(e.g. )
followed by the data,

Bach set of data should be terminated with

A A > > (with two exceptions listed below)
followed by 12" runout then
® % E Z

If the data is split into two parts, the first half should
have )) in place of > >

and the final, or only, data tope should have // in place
off > >,

[The series are referred to as nurbers 1 to K in the order
in which they were read in, not in the order that they were
selected in item 9 abovel

Date title,

NIO Poogram 82 output.,

MNumber of terms in each scries,

Tine lags (decimal fractions of time between successive
terms of the sane series),

X, he means of the series.

xz7, the ueans eonverted to physical units.

V. the variances of the series,

V. ’', <the variances comverted to vhysical units,

wxx’ the lagged nornalised outo-covariances (preceded by

the value r) for r :‘O(ﬂ)ﬂ, where L is the munmber
of lags specified,

V%WJ ny’, the un-normalised cross~covariances at zero lag,
: firstly in computing units and secondly in
physical units.

The frequency increnent between successive spectral
estinates, in cycles/time unit,

E . B’ auto-soectrs, in (physical units)®/cycles/tine unit
(preceded by s, where 5 = CK1)M), first for the
pre~whitened data and then after correcting for
the pre-whitening factor,

Cross-spectra for each pair of series, preceded by s and
consisting of 1=

n ] niJ I4
Eyo B By B

5 . . .
» co~ and cuad-spectra (in physical
e units®/eycle/tine unit) both

uncorrected and corrected,

'S
xy ?

I, I’, intensity, uncorrected and corrccted,
b, phose (in dogrees)
2
Y, coherence

The corrected walues will not be printed for any frequency
where the reciprocal of the atienuation factor due to
pre-whitening is greater than 10%°

If data contains any ervors the words "ERROR IN DATAY will
be printed followed by = list of the series and term
mutbers containing the errors, Errors in any of the R
series will be recorded and the scries are referred to by
the nuobers 1 ro R,

Letters and spurious characters will 21l be detected, but a
single gpace will not, This neans that twe adjacent numbers
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Cost

Definitions
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may be read as one number resulting finally in there being
one too few terms in the last serdes, This will be

detected and the words "SERIES HAVE DIFFERENT NUMBERS OF
TERMS" will be printed,

Single >, ) or / will be logged as errors but > >, )) or
/ willl be read as data terminators,

If the total number of incorrect terms exceeds LR the
logging will cease and the program will go on to the next
set of data, This will also happen if the total number

of individual spurious characters or letters exceeds 100
(eege if a spurious letter shift occurs all the succeeding
characters will be taken as one term and no useful purpose
would be served by logging them all to the end of the data,)

If 8 sct of data contains any errors at all, even in the
series not used, the program will not carvy out any
computations but will proceed to the next set of dato.

N < 10,000

Moximun number of data docunents = 14

Examples (all for 1 set of data; price per set rcduces
for B > 1)

1) For analysing 1 series of 1200 terns, M =L = 50 £9
2) Tor 2 series of 240D terms, L = 100, M = 50 £12
3) TFor 7 series of 50 terms, L = I = 50 £18
4) For 3 series of 3000 terms, L = M = 100 £25

-

Let the first series of data x; be Xo, X1, X2, X3 «u0 2
and the second series of data ¥y be yo, ¥4, Y2, Y3 ses

coe Y =E ctc,

Let Ty G, etc, be the respective conversation faclors

from computing to physical units

Pre-whiteming: x; = x; + C x,

1 17
-2
o 1 ' .
Means: X = oo S x. Tor each scries of N terms.
e N-1 , i
i=0o
X! = X
=2
. 1 2
Toriances: V. = e x, !
R x =2 a i
i=0

o A 1 P R
vhere x,’ = X, = en V_7 = F°V
where X X 4 then « <

Lagged Normalised auto-covariances:
SEBEoH MO LR ADEE, (M LOT O et

-1
‘Il o Ll e B 4 !
o (r) [(N T 2)Vx‘i Xi+r Xi
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Cress-covaria seg:

o wvm

Ne-2
V = \;—‘L.,- = ’ y 4
xy ~ N=2 [ i Y1
I=o
' = T

Lagge_c}_ normnalised aoss~covariances:

Negative lags:~

Hep=?2
¢ () =[ (aera) | -y
xy T/ T ARTee yJ /. e 1
- 1=0
Positive lags:~
Nepr=2
--1 =\
= N : T ? !
‘Ifyx(r) [(1\1 I‘“Z)Vﬁx’\y} L I A
1=0

Frequency increment between successive sgpectral estimates is
Os5/LT cycles/tine unit (e.g., ofsecy
ive,, 0°5/L cycles/time interval (T),

Auto-spectra:
"

- ’ s’
B (s) = WV | ¢Xx(r) cos <L >

<

I~

ia]
1

— R

where means the sum with the first and last
L terms halved,

i bt oo (5]

5\ |
Elxx(s) = Em(s) /[‘1 + C% 4 2C cos (FM‘)J

Cross-spectra:

Co-spectras
L,
- N 1 rsu
Exy(s) = LTPG vay X = [QSyX(r) + ¢xy(r)] cos <L )

=0

where ¢yx(r) = ¢y:x(r) cos? (—g—%)

and gbxy(r) is similarly defined,

B, (s) = B _(5) /E1 + C% &+ 20 cos (%N

i
o

Quad=spectras
L
= N 1 - in [E5E
Exy (8) = 4TFG xvy Z 5 [q)yx(r) ¢xy(r)] sin <L >
=0

E’X;E (s) = Exy" (s) /E& + 02420 cos (%?—H

The cross—spectrun is then defined as EX + iE oy *
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L = _ . 73\ |
Intensity: L =vE 2 Exyﬂg ; If= I/E+02+2G cos (T\T l

il

ot
o
]

Phase lag:

If ¢ is positive series x leads series y in time,

12
E_HR
=X J¥

Chherence: Y* =

Corrections for time lags between geries

Iff there exists a time lag xT between corresponding terms of series
n and series 1 (n beiin an integer with values firom 2 to 7 inclusive,
and x being a decinal having valees between O and 1 :anluslve) Then the
cross speotral estinates Ex;y(s) and E ( ) arc modified as follows o
Waere 1 -
ny(s) and F (s) where

TSX = . [msx
=R TSEN L g - Isx
?_(s) (s) cos (L > LJ’;Y (s) sin ( L>
®, O\ Tsx\ _ - . (msx
and P “(s) = (s) cos ( ~E (s) sin K—-—-—L>

Then the computations of intensity, phase lag and coherence proceed

using F}qr(s) and. FKyﬁ(s) in place of I_ ( ) and E *(s).

Notes 1) This program uses NIO Programme -2 to carry out the
computations,

2) The nethod of eveluating the power spectrun is identical
to that in NIO Progroms 60, 67 and 69 except that the
terminal valmes of the spectra are evaluated slightly
differently in NIO 60 and 69,

Programmer BRIAN HIIDE
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Title Underwater trajectoxry

Language CHLF 3/L

Hachine MERCURY

Purpose A negatively buoyant body is initially towed horizontally

in the sea, It is released, and at the same instant
starts to generate buoyancy at a constant rate, continuing
until a certain positive buoyancy is reached. The progran
computes the trajectory in space and time, assuming square-
law resistence, until the body reaches its original level.

Tzpes (1) Program (2) Data
Data A trajeetory is computed for each group of 6 numbers

as follows:

W = initial weight in water (1b)

V! = volume (cu. ft.)

B’ = total generated buoyancy (1b)

C’ = time to generate (sec.)

D! = drag (1b), at

U’ = initial horizontel velocity (ft./sec.)

Ind indication Progran and data tapes end with >

Operation Read in program (2 chapters) then data tape(s). The
output for each group of 6 data is punched before
reading the next group.

Output (1) W/, v/, and W =%’ + 1°5 x 6LV
(2) B4, C7, end G = B//C!
(3) D!, U', F =D//0’% and H = W/32°2F

(W is the initial effective mass moved (1b), assuming
a "virtual mass" of & x displaced water,

G and F have obvious meanings, and

H is the initial horizontal "distance constant", within
which horizontal velocity deceys by a factor 1/e).

i

(4) N lines, (157 < N < 472) conteining successive values of:
I = inclination of trajectory below horizontal (107 % radians)
X = horizontal displacement (ft.)
Y = vertical dovmward displacement (ft.)
T = time from start (sec.)

Restrictions If B’< ¥/, no trajectory is computed; progrem prints
"DAVY JONES" and proceeds to the next data group. For

convenience, the computation assunes a straight trajectory
during the time when

- 0*01 W € buoyancy < B/-/,
If the final buoyancy B’-T’ is much greater than 0+17
this approximetion may be rather poor.

Failures None, provided all data are positive numbers.
Tire (08 + kn) minutes where n is the number of data groups,

and k € 3°5, typically abcut 2.5, depending on number of
steps in I,

Method I is incremented in unit steps from 0 to the maxinmum value
(when buoyancy ¢hanges sign), back to 0 (lowest point of
trajectory), then decreasing negatively until Y< © or
I = -157 (-89'950). Between each two successive values
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I, and I,, the distance increment S and change in
horizontal component of velocity from Uy to Uz are
computed from the formulae:

exp (25/H;) =1 + (PU3/W{)[sin A tan A + I1n (tan A + sec A)]Ch0112

Programmer

0«01,
and Uz = Uy exp (~8/Hq),
where H,; and Wy are the "distance constant" and
weight in water (negative buoyancy) effective at I4.
These formulae are exact for sguare-law resistance and
constant mess and huoyancy. After each increment, ¥
Y and T are incremented by

S cos *01L , S sin *011 and S (cos *O1L/U)

respectively, where a bar denotes the mean of the values
at Tt and I,. The mass and negative buoyancy are then
decrecsed by G x time increment (provided T < C7), and
the process repeated.

After the transition stoge of effeetively zero dbucyancy,
mentioned above under "restidictions" the process continues

with constant mass, and buoyancy B/ =7,

DAVID CARTWARIGHT
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Title

Machine

Purpose
Tapes

Program Tape

Five to seven track tape conversion

EMA

ATDAS 1

To convert five track tepe to seven track tape

1) Job description and program tape

2) Data tape

Job description: The output specification should extend to

Data Tape

Output

Restrictions

the nutber of blocks of input + 1 block, The store
required is always 15/70 bloci:s, Computing instructions
250 4+ 2X where X is the number of lines of input to be
converted (1" = 6 lines),

i

COMPLLER ENA

MATN O

AUXILIARY (D,0)

oouPs O

>> NIO PROGRAM 8l 12/5/1966 (or date of appropriate version)

Then follows the program ending with

1

B A

DATA
(Title of document to be copied, exactly as specified in
Job description)

Then follows the document to be copies, terminated by
6 ERASES
Runout
® K X 7

A copy on seven track tape of input btepe with all erases
onitted

Input tape must not contaln more than 5 consecutive erases,
except at the exnd,

Five shillings + eight shillings per input block,

HARGARET RINGROSE






