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b

N, 1,0, FROG ANE

64 Wind profiles

62/A, 62/B. AMD 62/0 alibration factor for S.B,W.R,
63 Q factors

65 2l Element Array

66 Curve fitting with point vrestraint

67 Cross spectral anslysis

68, 68/A,
68/

€9

70

71

72

68/3 Analysis of Cloverleaf Buoy records
Analysis of Cloverleaf Bucy records

Power spectrum of a2 single series

Revision of Matthews Tables (1, Mediterranean Sea)

(Mm@m:mtm‘wﬁwwmkmsGmﬁmmmMWQCMTmﬁ
meters)

Interpolation of gap up to 177 hours in hourly
tidal serics

72 (ATIAS) Interpolation of gap up Lo 12> hours in hourly

A
b5

tidal series

These programs are available in compiled form on magnetic tape.
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N.I.0, PROGRAM

61

Title

Lenguage

Machine

sz

Purpose

Ingut

Program

Job description

Wind Profiles

EMA

ATLAS T (original version was for liercury only)
To compute, given wind speeds (u) and heights (z),

the best fit to the equation u = alog + bz + ¢
and uw = glogz + c.

) Program

1) Job description and data

The program starts with

COMPITER EMA

S002 NIO PROGRAM 61 WIND PROFIIES 33/1/1968
The program ends with

sfesiesie Z

and data

JOB

Job Mo, and Title

T

2 8022 NIO PROGRAL 61 WIND PROFITES 3CV1/1968
SELF = 1

ouTEUT

O FIVE~HOLE PUFCH m BIOCKS
STORE 27/65 BLOCKS

COMPUTTNG 1 INSTRUCTIONS
where m = about % block/case
500 + 100/ case
then follows

1)  DATA

2) DATA TITIE

3) One line of title

i

i

) Parameter t =1, 2, or 3

5) Series of values of z, u where z is the height
in cm, and u the wind speed in cm/sec.

6la) It t =1, 2
*  asterisk
My difference in wind velocity between two heights

AT  difference in temperature between same two
heights (note one height is usually the ground
or sea-surface)

b) If t =3
> (greater thaa)
7) The last case or set of data must be followed by
DATA TITLE
EWD OF DATA
/  (solidus)

ek Z
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Output

Pailures

T

Cost

lethod.

T S

Programuer
il =l

SeeEp———

Program 61 p.2,

Itenms 2 to € may be repeated as often as
required,

1) Data title

2) u,/k (friction velocity/Von Karman constant)
in cn/sec.

3) zo (roughness height) in cms, (floating point)

L) log zo
5) L (Monin-Obukhov length) in cms.

6) A (Au* is coefficient b in the fittedequation)
1k

Note 5) and 6) are omitted if + = 3. If AT = O
then L is replaced by L' = I/A
and A is not printed.

7) At sach observed height z there are printed
a) z height in coms
b) u computed velocity in cm/sec.
o) M (observed-computed) velocity in cm/sec.
d4) K Aw/ug
e) z/L if t £ 3 (If AT = O,2/L’ is printed)

8) Standard deviation of observations from the fitted
profile.

9) Computed veloeities at 27 cms and 1000 cms,

Then t = 2, two sets of output are printed as if
t = 1 in the first case and t = 3 in the
second case,

Vhen AT = O and t = 1, 2 then the words NEUTRAL
STABILITY will be printed immediately below
dajo title.

A division by zero or exponent overflow will cause
the profile to be omitted and 'PROFILE OMITTED!
will be printed.

A spurious character, other than *, >, / results in
a print-out 'ERROR IN DATA'.

In both cases the vrogram continues with next
profile.

falu

For six cases the cost was about £2 Os 4.

o

When t = 1, least squares £it of u = ax + bz + ©

where x = logz
when © = 3, least squaresfit of u = ax + ¢
when t = 2, leas®t squares fit of u = ax + bz + ¢

and u ax + C.

J., Crease



N.I.0. FROGRANS 62/A, 62/B, AND 62/C ATIAS

£
ooty

Title Calibration factors for the N,I1,0, Shipborne Wave
Recorder

Machine ATIAS T

Purpose Yo compute the factors by which measured wave heights

should be multiplied to give the true wave heights,
wihere the measured heights are from an ¥.I.0, Shipborne
Wave Recorder.

) Program
1) Job description

There is no data, the parameters being set within
the proagram,

Program The program starts with
COMPTLER EMA

=3

LOLA

owed by the program title and mein, auxiliary and
dunps specificaticns. Two lines of comment follow
describing the function of +the progran.

Then Follows the program, ending with

Job_descripiion This is as follows:-

JOB

Job number, data link number, job title
T

T 5002 WIO PROGRAN 62/A ATLAS 3/11/1967
62/ 3 5/ /1907 } as appropriate
62/c 11/19547 -

SELE = 1

OUTPUT

O PIVE-HOLE PUNCH n BLOCKS
STORE 15/6> BLOCKS
COMPUTING 20720 INSTRUCTIONS
The tape euds with

e sle S U7
4a

s

FPor the programs in their present forms, the numoer of

blocks of output, n, is as followsi~

5 9
NIO PROGRAM G2/A blocks
2.
62/B blocks
62/¢ - blocks

Output sble of ratlos of true wave helight to
o height as a webion of XD and T,
foctor wihich nay vory but is usuvally
e 2+5, D is the ” aof the two
its below wean el (in feeﬁ),
wave period in
Cost For the programs in their present forms, the costs

ere as follows:—

IO PROGRAM  G2/4
; /
ik f 62/3

u(»le '3 130

‘A“l. Py

ft}

" “ 62/¢ K £3. 17,




Programs 62/, 02/B, and 62/C LTLAS p.2,

fanhl

The ratio r evaluated, i,e, true wave height/recorded

wve height, is that given by LOLLIE DARBYSHIRE in her

paper "WAVES II7 THE LORTH ;‘, The Dock and Harbour
futhority, Nov, 1962 Mo, 481, Vola 41, pp. 225-223 and is

3
r o= 283 [1 4 (8+8u) 17 exp(Prd/g)

vherey = 2m/significant pe:iod, d is the mean depth
below the water-line, and g is the acceleration of
srovity.

IO PROCRAIT 62/4 nTT28 3/11/1907 is for the evaluation
of r at equal increments of T, the wave period in
seconds., In this version, T = 2 (1) 22 and XD has
values 12 (1) Lk,

WIO PROGRIM 62/R /7708 6 x1/16n7 is Tor the evaluation
of r at equal *Dcrmwants of frecuency ¥, although r is
3till listed as a function of weriod, The values of T
used in this version are 7 (me™) 0425 where T
(giving values of T from to ”f) XD has values
22 (7e2) 28.8,

TO pRogzju 32/0 LTTES 2/11/1/J7 is f'or the evaluation
O 19 1.2, the inverses of the calibration factors, for
eﬂuml increments of freosuency. The values of F used in
this version are Do02 ( M) D5 where T = % ; KD has

values 12 (Qe2) 280,

Notes 1) original version of NIO TPROGRLM 62 was for use on
TRY and has been sunerceded,
2)  Parameters in the vrosroam can easily be altered to
give difTerent ranges of values of T and KD,

Pamela Edwards

NoeT7e
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(.T.0 PROGRAM

Title 2 Factors
Languare PORTRAN V
Machine ATTAS T
Purpose pressure in decibars from the
\ . . .
- ij siven oy an unprotected
v
reversing thermometer.
Tapes ) Program
1) Job description and data
Program Tave COMPTLER PORTRAI

S072 ITI0 PROGRAN 63 0 FACTORS 4/9/4967

then follows the rest of the program

EEEA

Job description and data

JOB

Job number, job title

RERESOUN

O S072 NIO PROGRAM 63 Q FACTORS 4/9/1967
(or date of appropriate version

SELF = A

oUTPuT

T PIVE-HOLE “UNCH n RLOCES

vhere n = 2 x (nuuwber of pages of output)

STORE 20/72 BLOCKS

COMPUTING 5000 THSTRUCTIONS

DATA

The 0 factor numbers are punched in columuns 1 - 6,

TORINAT P&k and the naxlimum temperature numbers
puncned in columns 6 - 10, FORMAT T4, If the
maximwn temperatore number is a two diglit number,
tiro spaces must be punched in colunns 7 and 8.

The data is followed by
CMTCCC%é?W punched in colums 1 - 10

runout

Cutrout The output consists of a table of values of pressure
for temperatures from zero Lo the maximum temperabture

required in steps of ¢1°C, The pressure difference
corresponding to temperature increuents of TI1°C
are printed at the bottom of each page which may

L

contain up to sixty integrel temperature values,
# 3 N £ Je . S
03 ES) . ne ag X
Cost 2 T 24 per page of output

s s

Progromner Elizabeth Palethorpe



N.I.0. PROGRAM 65 (dingrmnlete)

ahe s

Title 2L Element Array.
Code CHLF 3/h.

Machine MERCURY .
Purpose Given a number, to compute the 12 values of current and the gain of

an acoustical array, using Dolph shading.
Tape Test program and deta.

Lar“mc rs MTone.

One numter x.

Restrictions ~3,3. =x +3, 3
% may not exceed 9 significant flsures,

Operation (1) Tead in the pro:ram.
(2) +ead in the dats. The machine computes and prints the results.
(3) Operation (%) may then be repeatsd.
Qutput (a) iitle
(b) 17 sets of num ers:
i Y4 z4 shere 1 = 1(2}u3.
(¢) 12 sets of nuners:
k a by “here k = 12(=1)1.
(d) ©“rints "SU  I«" followed by the value LT
(e) Prints "G" followed by the value wiﬁlklg
12 5 (5,.°)
Time 1 minute per value of x.
Hethod The values x, x3, x5, cee. x2D are computed in double length
arithmetic and stored in ((y,, z;)), where i = 1(2)23.
Then the values of Iy, where k 12( )1, are calculatbd and stored
in ((a}(: b}««))- I’ )
4lso computed are: I, 3(Ix)° end G = (3 Iy)°
12 (0, 7).,
Notes k (1) This program has not %e@n fully tested, and is not completely

correct. It was used in Job o, 1996 fow Whlch the answers obtained
were sufficlently correct for the purpos

{2) The whole p ogram is wyritten in “ounle Length srithmetic to try
to maintain s greater de:ree of accuracy, and yet the accuracy of the

results 1is known not to ercced © decimal places,

Programmer Mrs, <., Wilson.



N,I.0, PROGRAM 66

Title
Language
HYachine

Purpose

Tapes

Program Tape

Curve fitting with point restraint
EMA

Atlas I

To fit polynomials y = f£(x) having degrees up to €to
a set of n points, not necessarily of equal weight,
The solynOA1nl satisfies r restrlctlons at xo, that

f(xo ! (XO svecsoacere (xo) shall have specified
Jues,

Input O: Progran
Input 1: Jcb description and dats
COMPILER ENA

5007 NIO PROGRAM 66 CURVE PTTTING WITH POINT RESTRAINT
8/6/1966 (or date of appropriate version)

HATIY 1530

AUXTLIARY CQ, p) where P = O(n+13)

DUiES O

then follows the rest of the mwrogranm ending with

3 o X 7

Job description and data

JOB

Job number, job title

INPUT

O 30071 NIO PROGRAN 66 CURVE FITTING WITH POINT RESTRAINT
8/6/1966

SELF = 1

OUTFUT

[Bither tape or lineprinter output may be obtaired,
Up to 250 lines, or 4 blocks of tape, per set of
points will be required, Output O should be usedj

STORE 40/70 BLOCKS

COLFUTING g INSTRUCTIONS where g = 2000 4+ nl

DATA

1) DATA TITLE

2) One line of title

3) One integer, n, the nurber of points

L) One integer, 1, the maximum degree required

5) One integer, r, the nuber of restrictions at xo
6) p equal to zero for equal weights, 1 otherwise
7) q equal to 1 if all residuals are required, O otherwise
8) The value of Xo

9) Iist of r restrictions i,e. the values of f(xo), £'(x0)
etc,

10) DNext comes the list of the n points with the x
co~ordinate of each point first followed by the ¥
co~ordinate.

11) Pinally, if p=1, a list of n weights; these need not be
integers.

Bach new set of data begins with
DATA TITLE
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Output

Restrictions

Cost

Notes

Programuers

Program 66 p,2
and the last set is followed by the ssequence
DATA TITLE
END OF DATA

/

and then
XXX L

The polynomial coefficients and the residuel of maximum
modulus are printed for each degree of polynomial from r
up to 1, The sum of squares of the residuals after
fitting the polynomial of degree £ is printed and can

be compared with a check value derived in the orthogonal
fitting process, If they disagree, this indicates
appreciable loss of significant figures in the polynomial
evaluation., Provided the maximun residual is acceptable
this is of no importance, therwise the origin for x
should be shif'ted to somewhere near the widdle of the
range of x values, and the progran run azain.

The component of the sun of squares is printed at each
degree and the residual at any dezree, m, can be found

by adding to the sum of sjuares of residuals the components
at degrees (m+1), (142) sressee Lo If this and the
maximun residual are acceptable, the coefficients at

degree m can be used,

Finally the residuel at each point for the polynomial
of degree 1 are printed (if ¢=1),

"

n < 500
p < 10751

[n and p may be increased if the A, B and W directives
are increased to n+l12, n+l12 and n—1 respectively.
The main store allocation should also be increased, ]

O<r<l <12

1

For n
For n

4O, 1 = 2, cost is under £1
150, 1 = 12, cost is under 53

i

This program is based on the R.A.E, program.ﬂké/A written
by J.H. Cadwell, It differs from that program in the
leyout of the auxiliary store, in the layout of the data
for the n points, in the use of a data title and in the
nmethod of terminating the data, A1l lercury autocode
instructions such as 620,14 and CAPTION have been replaced
by EiiA instructions,

JANES CREASE
BRI HINDE



NoI.Os PROGRAM 67

Title Crosa—~spectral analysis,
Code EMA,

Machine  Atlas I (University of London, A.C.S.).

Purpose To compute:- means, variances, normalised auto-covariances,
and auto-spectra of 1-~7 time series; and also, normalised
crogs~covariances, co- and guad-spectra, phase lags,
intensities, and coherences for 2-7 time serdies, for all
combinations of pairs,

Tapes 1) Program tape, which starts with the Jjob description and ends
***T

2) Data tape, whieh includes parameters, and has a specified
ending, with a final terminator of

***Z

TR, The Job, program and data are all one
document,

Program ‘tape This is as follows:~ (capitals denote actual punching,
lovser cese describes what is required).

JOB A
Jjob No,, provided by A.C.S., followed by:

N,I.,0, PROGRAM 67, CROSS~SPECTRAL ANALYSIS, Job title,
OUTEUT (A11 this on one line)

O LINEPRINTER m LINES
STORE s BLOCKS
COMPUTING t INNSTRUCTTIONS

This couprisces the Job description,
COIPTILER T

Then comes the store allocation as follows:=
MATN s> g

DUMPS @

MIKILIRY (0, D)

Then come some dmstructions, follewed by the heading:-
' PROGRAMME -1
Tais is followed by Chapter 1 of Programme -1 and the

¥ 5t of the program, Program parameters m, s, t, q
ond p are deseribed below, Note that C is zero.

The program bape must end with

ats

* % %1 (f.e., 3 asterisks, letter T),

Progro.. parnneters The directives for chapters 1 amd 2 must be set
as deseribed at the beginning of the relevant chapters;
directives for chapter O need not be altered,

The number of lines of output - 1_1
m=150 + L+ K + 20 (intupt, 72) + (i 4 ) [111_22 |

where K is the number of series, L the number of lags, and
M the number of frequencies,

N7
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Data and

\ 52

Computing t instructions where t is an integer and

The store s blocks = 10 + ’‘main store + auxiliary store + 6000)

t - 4000 + K2NL /80 where N is number of terms/series,

The main store requirement ¢ is found as follows:— Find the

total number of main variables (directives) in each of the three
chapters (remembering that the ecount starts at zero, so that

¥ --> 1000 allocates 1001 storage locations); then g must be
greater than or equal to the largest of these three totals,

The auxiliary store requirement p is greater than or equal to:-
D! 4+ (L + M + 2)%® or D'+ NK, whichever is greater, where
D' >k (21 + 6).

For more than one set of data, see note 2,

data paraneters These may physically be on the same tape as,

and after, the program or may be physically separate from the
progran - koth cases need exactly the same specifications,
except that if they are on the same tape * * * T is onmitted
after the progran,

Data must be in the usual Mercury format, The data gtarts as
follows (capitals denoting aetual punching, as before):=

1) DATA TITLE

one ‘Hleprinter line of deseriptive title must immediately
Tollow the CR LF which follow the words "Data Title";
the title may contain words and/or mribers;

2) an integer equal to the mumber of series (¥);
3) 1 ] 1 n on 1 "

l;-) 1] ] " n o on 1 "

covariance lags required (L);

frequencies reguired

(M where M < L);

5) the K muibers required to eonvert the X series to physical
units (each mumber being a ratio of physieal/computing units);

6) the K numbers being the time lags of saeh series relative to
the first, in decimal fractions of the +time between
successive terms of the same series, Thus the first
muber will usually be zero, and if -ull the series are
-sampled similtaneously all the numbers will be zero;

7) T, the sampling interval;

then follows the data, the X series of numbers being
arranged sequentially, d.e,, with the first terms of all
sewies firs®t, the sceond terms next, and so on,

The data must be terminated with sp. spe > (i.e. » ‘immediately
af‘ter the last digilt punch "space space > %),

The whole sequence, beginning DATA TITLE and ending >, may be
repeated for another set of data.
The last set of data must be followed by:—

DATA TITLE
END OF DATA

* k¥ g (i.e., 3 asterisks, letter Z)

Operation This is done by the staff of the Atlasg Computing Service.
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Data title,
Number of terms in each series,

Time lags (decinal fractions of +time between successive terms
of the same series),

X, the means of the series.

X', the means comverted to physical units,

Vx’ the variances of the series,

Vi’, the variances converted to physical units,

Wxx’ the lagged normalised auto-covarianees (preceded by the

value r) for r = 0(1)L, where L is the number of
lags specified,

V&yj V?Wf’ the un-normaliscd cross—covariances at zero lag,
firstly in computing units and secondly in physical
units.,

@xyd the lagged normalised cross—covariances for each pair
of series (preceded by the value r) for r = -L{1)L,

in cycles/time unit. |

between successive terms of the originel series.

E..s outo-gpectra, in (physical unité)z/cycle/time unit
(preeeded by s, where s = o(1)u).

Cross—spectra for sach pair of series, preceded by s and
consisting of ¢~

Eny Eyy*, co and quad-spectra (in physical uni®s®/cycle/

. . time unit

I, intensity, *
¢, phase (in degrees).
y?, eoherence,

TP input had any spurious characters other than those
specified for ending data, the words
ERRGR T DATA, TERY -

will be punehed, with the aetual term number given,

Restrictions 1€ X< 7 for layout as at present arranged,

Cost

Ihmber of terms per seriss < 5,000,
1 <M< L,

See the Atlas Computing Serviece formula and output logging
for computing the cost,

Exanples of costi-

1) For 1 series of 1184 terms, with 50 lags and
50 frequencies weguired ~ £3. 5, 9da

2) For 2 series of 1184 terms each, 50 lags and
frequencies — £5. 2, 6d,

3) For 5 serdies of 460 terms eash, with 60 lags and
frequencies - £11. 8. 0d.

4) For 7 series of 500 terms eaeh, with 50 lags and

frequencies — about £18, 0, 0d,

5) For 7 pairs of series of alout 1200 terns/series,
50 lags and frequeneies — about £26. 0. Oa



Definitions Let the first series of data xs be Xgs X5 Xps Xy oooe X'N'-'l,

and the second series of data y3 be

yo: y1’ st y3 LA yN"'], eto,

let P, G, ete,, be the respective conversion factors
from conputing to physical units,

. =1
Means: e
E > g Jou ench series of N terms,
=0
X! = FX
-4
Variances: -
A TS M LA Vx = 'v;—,..j,.._. \\ b 12
N~t /)
i=0
where x5/ = xi - X
VXI = jjh?. V}:
Lagged Normalised auto-covarisnces:
h . ! ?
‘Il r = l N . o
xX (=) 1 (8-r-1 )VX Xigr Fi
L - L
1i=0
Cross—govariances: Nt

_1 T , ¢

Yy = w ) m %d
. A
iz

Lagged Normalised cross-~cosvariances:

Negative lags:- ' 1 N1

: r 1\

ny(r) =L(N~r~1 WA Ve Vy | y X p Pyt
T i=0

Positive lags:- S Wr-

{’I‘ - = s sm——" ? . ! 4

WYK‘ ) [@“1‘-—1)1/‘];{ v, J 3 L R

- izo

]

Pregquency ircrement belwesn succsssive sreciral

erstinates is
0, r/l.‘T QV‘CJ:LGS bine unit (O o fa c/sed, )
» A SN

i.€,, 0,5/L eyeles/time interval (T).

Auto-gpectra: .

| o ) A

‘..—6—." i

where > neans the sum with the first and last terms halved,

and ¢m"(r} v (r) ocos® <%\}

it
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Crogs—spectra:

Co-spectra: .
5 ) = b6 T ) [qs (=) + 6 o) | eos (F22)
where 9’5 (r) (r) cos? (dL/

and ("Sxy (r) is similarly defined,

Quad-spectras

14

Jt‘"'!

~
¥ fad

Y % )T FNE »‘;. . /
By (s) = LTPG \/'\7; v, (r; ~ b (r) | sin &%)

’

Of

H
i

The Crogs-spectrum is then defined as TE}_‘;Y N

v

Intensity: I=VE _* +8_*
=l Xy Xy
-4 E %
Phase lag: ¢ = tan Xy
E
Xy

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

Coherence: y2 = 1®

E_E
RS A

cction ime lag otween seris
Corrections for time lags between series

If there exists a time lag xT between eorvesponding terms of series
n and series 1 (n being an integer with values from 2 to 7 inelusive,
and x being a decimal having values between O and 1 inclusive), then the

eross—spectral estimates E (s) and EW* (s) are modified as follows to
s) and F 8) where:-
Py (s) * (s)

( /asx /ﬁﬁf\
ny'\S) = E}qr(S} cos (in—- - Ex * (5) sin \ L

[
and T *(s) = - L., *(s) cos Wﬁx\ - E (s) sin sx
Xy L / L
Then the eomputation of intensity, phase lag and ccherence proceeds
using F__ (5) and F__ * (s) in place of B (s) and E_ "‘(s)
xy xy
Notes 1) There is no error detestion (apart from spurious
charaeters) or eorrection in this programn; it is

intended for use with 'eleant data,

2) Tor more than one set of data to be run at one time, the
program pavameters are the same as for a single set of
data {1 -~ 7 series) except that the number of output
lines and computing instructions specified must be for
the total output; in the ease of computing instructions,

the extra number of instruetions needed for each set of
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Notes (continued)

3)

Programners:

data after the first is t — 1550 (i,e,, the btal number

required for one set of data minus the approximate number
required to compile this program,

In caleulating the spectra the lagged covarianees have

been multiplied by ces?® Z.E s this is equivalent to the

"Hanning" precess used in N,I.0, Program 60,

JANES CREASE
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N.I,0, PROCGR

1S 68, 68/A =nd 68/B

Purpose

Outline of

Analysis of Cloverleaf Bucy records

Atlas 1

To compute the directional spectrum of sea waves from the output
of the NIO cloverleaf hucy.

Progrerl

The cloverleaf buoy records five signals proportional to the

slopes and curvatures of the sea surface relative to axes which

are Tixed relative to the buoy, The vertical acceleratlon and
magnetic heading of the bucy are alav rscordsd, together with

som2 cther ancillary data such as the cutput of the shipborne wave

recorder,  From the details of the data sequence given later it
can be seen that the buoy heading and BEVR are logped on

alternative cycles of the #lope, acceleration and curvgture data.

The data is logged seguentially from éacq chann=l as a positive

3 figure b.c.d. number on 5 tirack paper tape The analysis
beging by detecting date ervors and replacin g them by the mean
values of the series in whicn they occur. The mean values are
then .subtracted and the series converted to physical units. The
slope records in the two perpendicular directions are comblred to
form two series of slopes referred to magnetic Porth znd east,
The three curvature vecords are treated similar

The six records of slope, curvature and vertical acceleration are
then input to NIO programme-1 which computes t’elr auco and cross
spactra from vhich the directional spectrum of the sea waves is

found.,

The power spectrum of the SBWR is also celeulated and compared
with the doubly integrated spectrum of vertical tuoy acceleration,

There are three distinct programs, and their differences are as
follows:=

I'I0 63 assumes & O channel cycle of datr, lists the ancilliary
data once every cycle and assumes that tge buoy compass was nob
functioning correctly and that the visual observations of buoy
heading at 1 sec, intervals will be read in separately,

NI0 63/A essuies a 32 chennel cycle of data, does not list

any ancilliary data and accepts the compass data separately
as in NIO 68,

i / P - .

II0 68/B essumes a 32 channel cycle of data, does not list any
ancilliary data but accepts tle compass readings as part of
the main data tape.

Definitions

n or I Number of terums per series (Mote: SBWR and compass
series have 1/2 t@“us)

1 or L Humber of lags 1n covariance analysis of buoy data,

m or I Tumber of frecuencies in spectral analysis of bvoy data

1 or L' Iuber of lazs in covarisnce analysis of

date,

s

mf or I  TNuber of freguencies in spectral analveis of SBUWR data,
C. . Co-spectrun of series i, J,
)
Qij un of serdes 1,7,
Xi 75 to one of the eight originsl series
modifiszd Lorm,

. 7 . N . . .

Yi i = 0{1)6 refers to one of the six series required
for programme -1,
» i~ ~ 1o : .

&y 1= 0{1)6: prevortionalits for convertiug the
Tirst ceven sevries to phy
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ar, br Facvtors converting buoy headings Xy bo radious

(817 + D7)a
4 . . a3 e -

E{c.¥) Directional spectrum at frequency ¢ and direction
¥ cloclarise from north {marmstic north for 65/B),

(o) One dinensioral wave suectrun,

G{o,0) ‘ncalar distributd £ energy. lhote: B(o,¥)=E{c)0{wr,¥)

\Oy¥) anadlar GlsTrrioltlon ¢ ensrgy. iote s S\ G ¥ Jmal O j Oy %

Ang n Cogine and sine components of angular spectrun,

e he time interval in seconds between successive terms of
each of series 1-6, ‘

Bleelk Always refers to a block of S numbers of data, The
nain series X4 repeat in 0'0193 of 8 numbers so there
are § cycles/block in 110 63 and & oycles/blockin NIO €874
and B. Xo and X7 repeat in cycles of 16

z Wave heigut,

Tapes 1) Progran tepe

2) First port of data

%) Hecond part of dat

L) Third part of data

5) Job dGuCTlpt"Oﬂ and parancters (also buoy headings

in NIO 68 and QQ/B’

Progran (Capitals denote actual punching)
Tape COLPITAR EVA
Either: SO0 NIO PROGRAN 63 CLOVERLEAP BUOY AALYSIS 10 0/ 19
or: 8001 NIO PROGRAM 68/4 CLOVARLEAR BUQCY AMALYSIS T}/%/ﬂ%GB

or: 8001 17O PROGRAYM 687B CTL.OVIRIEAF BUOY [IANYSIS 10/9/1965

In sore early version of program 60 used for a special job the
title is as follows:i=-

SEQL CRIASE, NIO, LOVERLEAF DUOY AVATLYBIS IO FROG

o
)

(€)Y

The date of the version in use should be substitubed in the
itle in place of 1/9/1965
PATI o
AUXTTIARY (03 ?) see next section

Duils 0

Then follows the program,endiny with

Y

In a program of this length 1t is worth making reasonable attempts
+t0 economise on space as costs can be consldergbly reduced.  The
following lists give minimum sprecifications for these directives
for different meuﬂtu of date and output., Vhenever a directive is
chonged the progran date should be amended to avold confusion,

Clhapter 1
X —s 6L

B menye

JEN
aj

e

G =3 6
&

D e

r A . “ . PO - 3 . - ' . -
1600 18 the meorinum nurber of errors allowed in the deta and
caon be altered i reouired, Only half this nurber ars alloy
channels].

in the SRR and compas

Y e €

T

AR Vs
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The instruction M= (an integer) occurring 5 lines after label
20 soould be only slightly grester than the number of blocks

of buoy data,

> llax. of 4L, /2

> Max, of W(M+2)/4L,L
> 0(1+2)/4L

>

.1, Chapte

A

X > 2 8(L41) and as large as possible within the bounds of the
HATH specificotion of cother chapters,

\
Voo 2 36{Ta1)

o]

IT v

o

U e
Voot
G

amn

o

co o

W o= >
A => 8

The instruction £’ = (en integer) ccourring just after label 8
2t stert of chapter should be 10 less than the directive X,
Prograiuie —i, Chapter 2

Y o> > 36(041)

7 s > 36{1041)

U -—> 8

V o> 8

B o> > 6011)

T > S 6(3,-}-1)

X = > lax, of (I, in, (4096, &17)]

7 w3 Gl

The sum of the X and O variables must be a mltiple of 512
(remember that the number of varisbles is 1 greater than the
nurber in the directive) and X st be set before H, followed
by Y. S

i

The inst .
set Jess than the X directive

e

should have the infteger

The MATI directive ¢ is equal to or greater thnn the naxirmum
nudber of nain variables in any one chapter, Remerber that the

wiber of wveriabhles is 1 greater than the nwiber in the directives,



N.7

The LUXTLTARY directive p is given by

Y. 6L

72

p = Hax, of D7 + 6, D’ 4+ 36(1in2
where D’ = 15N + 1211 + 5D
end WY has the value set in Chapter 1,

Data Tapes

Program 68 vl

The tape from the date logger should be split (or copied) into
three sections, the first two ending with a channel 64 "999"

b

(see specification of channels below) his means tint for

Jw

/ L 1 s 4 2 Ty
NTO 68/A or 68/B the terms must be counted beginning with the
termn following the first 999 to determine +the correct place for

splitting the dato,

The deta must consiat of three figure inbtegers in the following

Formats-— B

NIO 68

i © o s

Series —» O i 2 3 N 5 6
Ggele

! SRR . ¢ % be bt . 21;W

2 Tind speed n i i u 3 1

3 SRS u it i 1 i i

L Ship*s head M n n n o "

Iy SB‘\:‘R. " it 1t 1 it "

6 Tind Dirn, i n i i i ]

7 SBWR " 3 i i 1 1

3 Ship's head M n n n i it

.

The composs readings are presuned Taulty and are
in separately on INPUT L

Series = O 1 2 3 i i 4

Cyele

ST r V57 o
1 SBR b by AOL Ly BL, 26
S0 W 1 n i 1 0 W
2 Se.. J,.(,ul O,
3 SnWR 1 1 it 1 i 1
N Ship's head 1" 1 1" i " "

{compass)
000

/ . N\
{compass
992
(corpass)

Supply vnlts
(520)

(compass)
999

hence read

The compass readings are presuned faulty in NIO 68/A and are

hence read in separately on INPUT 4,

The serial Mo, and ship's head nay be replaced by any other parameter

reguired since no processing is carried out on th

ese channels,

The scanning rate for both formats is talken to be &/e¢ chonnels/
second,  The numbers should be seporated with two space characters
and CRIF charccters can conveniently occur after every 8 channels,
In the abeve tables:-

signel X, the X tixtt 1o the buoy framework,

M

signal ¥, the ¥ tilt of the buoy framework.

2%4 ~ (Le + X=z)

U Oy
<

!,l
[V S

1
X
i~ He

K

.. is the bucy vertical acceleration,
[

~r K LI -

28 ds slgnal Xs -~ Xz
Xy &

2L is signal Yz = ¥y

A A
RS
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where X4 1s the X t11lt of Tloat 1 ete,
hidd

2 metres

The numerical factors arise from the dimenszions of the buoy
franewerk and imply units of wetres for length, {yy has units
of g and % has units of seconis,

NIO 68 assumes an error in the SBEWR series such that alternnte
teris are high by a fixed unlmown anount, This is calculated
and subtracted in the analysis, If the data is recorded
corraetly, this section of the progrom will have no effect,

First part of data

1) DATA

2) SCOT RUN 27 PART ¢ (or other title, excctly as used in the
job description)

%) DATL TTTIE

4) Title of data to be printed on output (one line only)

5) An integer (S’) slightly less then the nurber of blocks
of dabta in the full buoy record,
6) TFirst port of the data
followed by the terminator on a new line:-
7) Q123456783

then 129 runocut and

® ¥ x 7

2) 3001 RUN 27 PART 2 (or other title, exactly as used in the
Job &escriptiom)
%) Second part of the dats
followed by the terminator on a new line:-
L) 23456789

then 12" runocut and

1

W
B
W

Lot

Third part of data
1) DATA
2) SEO1 RUN 27 PART 3 (er other title, exactly as used in the
job description)

%) Third part of the data
followed by the terudnator on a new line:-
Ly 1234567
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Job description and maraneters

JOoB
Job Tumber , Job Title

PROCRAM 68 CBD‘/JQIS};T RUOY AILLYSIS 1/$/1965
or appropriate progran nurber and datb e)
5071 RUN 27 PART

o 27 Tarm 2

5001 RUM 27 TURT 3
-

de

N

[02]

-

=

e
-

33
{ L] y - A
{or other titlesciactly as on data tapes)
S“k'\’ i - 2‘1_
CUTEUT
QO LITEFRTIMER a LIWES

STORE b BLOCKS

COMFUTITG o INBTRUCTIONE

L’.‘

O
ay, b and ¢ arve calculated as follows:~
a = 7(91/8 + 3U + 100) + /8 + 200
b =11 + (Main + Auxiliary + 16000)/512
o= 000 + NI/2 + 2000 4+ 201

DATA

AY . - . e
1) (VIO 68 and 6¥Aonly] Series of compass readings to replace

those on nein data taves, The number of terns in the series
should be greater than the nuiber of ordiginel compass readings
and nmust terninate with

£ A/

The compass readings shouldsynchronise with the wvest of the
data by beginning after the first 999 in IO 68/4A or after
the 999 of the first channel &b in NIO 68,

2) Iine constonts 89 sseees &7 s b7, to convert the six buoy outputs,
SBUR end couposs oubputs to physical units, The first seven
series are SBWR, QX, §_\T_, gmc’ Q’,GJC, C_rv, 5yy Each constant

ne “th retio of physical/computing units, The eighth

n fecboras convert the compass readings xy to redisna

mmla vz = ay X7 + br. Nobe that in NIO 68/B by

lude the locnl magnetic vardation in radiams.

%) An inteser (L) equal to the nuiber of covariance lags
required in the buoy analysis,

L) in integer (M) equal to the nurber of frequencies required.

5) S:L‘x conversion ;aotors to physical units of the series Y.,
= 1(1)6 for prog ; T:mse will all be unity
s:Lnoe conversion 1s :lom by 2 ) above, The series enber

,. ey e T I3 .
prograve -1 in the order: étt - §y, é’_m, éyyg (:xy‘

6) Six nurbers being the time lags of the series relative to
the fizet on entry to prao‘rﬂu“e -1, in decina 1 fraction
of o cyole. (8 channels), Tieso ﬁull be
D625 (3125 (e3125 D75 Q75 075
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vo |

Output

<o

10)

11)

12)

Program 63 p.7

(6 + 1) anplitude and phase reponse factors at each
frequency, starting at zero, Ior each of the six series,
ise, for series j, a unit input at frequency s/2le cycles/
second has a response

ag exp (i¢g> [¢ in degrees |

™

The series are in the order given in 5) above,

The responses are listed as follows:=-

1 ) 2 2 6 [2)
a9 -
o] 0 Q o} 0 0
1 1
a, ([;,) AR SN BT B I B A I A
1 1
®
L4
43
2
i 1 3 . 6
a__ CP_ '00606.¢~.00I60»I‘a.‘0'¢a (;‘)
il m s} m

The %4iue interval (o) in seconds between successive teris
of any one of the six series Y.,

..

€a8s 025

in dnteger (L') ecunl to the nwiber of covariamce lags
required in the SBWR analysis. This value of L/ should
nernally be half that specified in  3) above for L.

/n integer (M’) equal to the murber of freguencies required
in the SBVR analysis,

L conversion factor to physical units for Y4, equal to unity
since conversion is done by 2) obove.,

(M + 1) amplitude response factors for the buoy at frequencies
y r v . ~ -
a/@le, s = 01, [i.e. a! to a; as in 7)1,

0 i

A conversion factor to physical units for the SBEVR series,

equal to unity since conversion is dome by 2 ) above,
(1’ + 1) amplitude response factors for the SEVR..

12" runout followed by

2

]
W
H

Dabta title

(IITO0 45 only) Idsting of wind speed and direction,ship's
heading and supply volbage; there is one get of readings

for every & cycles of main daba,

fwr

etected errvors in input dats,
These are listed by block nurber, chennel nurber (1-64)
and 2 code indicating the type of Tault as follows:

o+

&)
o

3

-1, a Taulty 999
5 =2, a 5 digit nuber
7 =2, a 7 digit number
8 ~2, an 8 diglit nuwber
F sl
1, 2 or &, for 1, 2 or L diglt nurbers
3 B 9 &
and 3 for a 6 digit nwber

3
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L) The number of terms in each of series T

L3

The tine lag of each series Yi in units of the cyele time
of the original datba.

6) The means and variances of each series in pliysical units,
7)  The lagged normalised auto covariances of ecch series Yi'
8) The cross covariances at zerolag for each palr of series.,

9) he lagoed normalised cross covariances for each pair of
. - N
series for lags ~L(1)L,

10) The frequercy increment i/2le between successive spectral
estinates in cycles/second,

11) Auto spectra of each series Yi in (physical units)?/cycle/
second,

12) Cross spectra for each pair of series consisting of

a) (o-spectra C.

id 1 . . - .y
b)  uad-sne ctrs Q?- 5 in (yhysical unlts)%/cyclq/seoond

1y 1
o) Intensity (C;j + ng>2

Y 2 2
%/ Ccherence C‘j + Qij,
C.o o« C.,
i1 33

AN
e) Thase .
in degrees

n
tan =1 i;
C..
1d
13) The first four angular harmonics of G(o, #) (cosine, A ;
J
sine, 3303 are printed at each freguency together with
. ar ) A
the ratios R4, Ra, Rs (see Method ),
14.)  The normalised angular distribution of G(G; ¢) ot intervals

of 15° is printed at each freguency,

15} Conparison of the SPVR ard doubly integrated acceleration
record from the buoy.

a) Ffreguency increvent for this section 1/217(2e) o/s=.

b) Number of torns used in the SBWR analysis,

¢) The SBWR auto spectrur.

d} The doubly integrated acceleration spectirum, E(o)

e) The ratio of d) to c}.

The lowest frequency vrinted is at [int, part (17/12))/41’e of/s.
The highest frequency printed is at n’/Ll’e o/s.

M < 3,000 when W/ = 375 (Chapter 1)

o

< 3,800 vhen M/ = L75

W/may be increased to a maximum of 500 if reguired (W < 45803>
corresponding to 25 mins, awnd 31 mins, of data respectively,

nximu maber of errors = 600 for channels with sampling intervl e,

and 320 for channels with sanpling interval 28
) T &
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1 <UL W2
1 < M £ L' € integral part % \
\ &/
Cost For N = 2400 }
L=10 =5 3 NI.0.6B £100
|
L) = i/ = 50 |
N = 2520 1
L=100 =5 % N.I.0, &8 £110
}'|I - sL/ = 0 )
Method 1) The first step 1s entry to Chapter 1 which reads and detcots

errcrs in the series, The types of error detected are

A nudber rot couprising three digilts

é spurious cheracter

999 not occurring at the correct place in the recording
seguence,

o oo
[N N

Faulty values in the data are temporarily replaced by ~100,
The date is read in on the "Sunviv logger! routine one
character at a tive, This routine enables each number to be -
tested for spurious charscters and the nurber of digits it
contains to be recorded, The block nurber and charmel
nurber in which any fault cceurs are recorded, The data
tape must be divided into thiree parts. This recessitates
the use of three terminators, The first tape (on INPUT 1)
18 termimmted by a 9 digit number, the second by a 10 digit
nurber and the third by a 7 digit nuiber., In case there
should be a 7 digit nurber within the record, a facility
has boen ineluded which causes the Sunvie logger roubtine
to ignere a 7 digit nuuber as a terminator unless 1t occur
after a specified length of record, The parameter S’/ is
used for this purpose and should be nade equal to an
integer slightly less thon the expected nuiber of blociss

in the record,

The series are separated amd stored behind each other in the
cuxdliary store, sone ancillary data being printed out in
WIO 68 and not stored,

Yext the list of detueted errors is printed, or the words
MY wAgTIaH

ERR% R

N Y . . L) by - . N
2) ¥ron now on the progran ils concerned with the eight input
series Xi, i :’O(?}? which revresent the SBUR, €x9 Qy,

'S and buoy heading respectively The
gxx’ Spto gny gyy'° N GG jt e (

SBWR and buoy heading occur only on odd cycles, sbarting
ot cvele 1), The progran halts if ¥ is greater than
o

8i’, set in Chapter 1,

3y [iT0 68 and 68/A onlyl, The compass readings in Xy are
incorrect so the visual observations of the buoy are read
in on INPUT L and substituted for the existing series,
The progran halts If there arc insufficlent visuval
compass readings to overwrite all the original series.

4) Bach of the eilght series X, are now exanined for errors
1
(=100) and the series veans found, lleans are subtrached
3 k.4 I A ™ - - ] Ty & [y &l
fron series 1 = 2(1)6 to foru new serics Xi” Brrors are

4 . - . a2 .
then replaced by zero, and finally the Xig i = O(1)6 are
raltiplied by factors as to convert then to physical units,

ER)

and the buoy headlings w7 are converted Lo radians by the
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linear transformation ar xv + by,  The buoy headlings
are lingarly interpolated to the previcusly unoccupied
even nunbered cycles,

L
15

On each cycle, the two slopes X3 and Xz must be referred
to a common time before rotation of the axes, Thus Xy

is advanced 1/16 cycle and X lagmed 1/416 cyele by linear
interpolation, Similarly the curvature X, is advanced 1/k
cycle and Xe lageed 1/8 eycle., Xs and X4 tore unchanged,
It 18 not necessary at this stage to refer tie slope series
to the sane tine as the curvature scories. The series
continue to be stored in auxiliary store and are still
referred to as Xi’

s

¥ 3
go that the first cycle Ko, Li sveses 47 18 followed by
c

Blocls of 512 terrs (i.e. 6l of cach series) are brought
down from the tape dand Xy, Xz combined to form new series
Y2, Y3 referred to left-handed axcs din directions north
and east (llagnetic north in 1T0 65/3):~

N

Yo + i¥s = (g + iXa) exp (10)

where @ 1s the buoy heading at the cormon tine of X; and
Lz, interpolated from adjocent values of X7,

Similiarily, the curvature scries Xs, Xs, Xe are corbined
to form Ya, Vs, Ye the curvatures referred to the fixzed
axes, by solving

Y2 4+ ¥s = {5 + Xe

and

T4 = Y5 + 2i¥¢ = (X3 ~ X6 + 21ks) evp (216)
wherel 1s the buoy heading at thecoummom +tine of Xs, s,
Xe
X4 (acceleration) is ploced unchanged in Y4,
Thus the Yi contain the following date referred to axes

X (orthyand ¥ (eost):-

Yoo o= Ly
Y2 - QX
¥s - &
s - &
Yo¢ - C;;

These nre stored in the auvxiliary store, overwriting the
series X, .

1
The anto and cross spectre of Yi,i = 1(1)6 are now found

{ po . . . . .

using NIO programme -1 (This 1s outlined in the progran
deseriptions of IO 67 and IO 74). Various paranmeters
for this programe recuire to be set or read in before
entry to 1it, There are a few svpocial points with regard
to thege varametersi-

o) Paraneters are recuircd for couversion fron digital to
physical units, Since this i1s done elsewhere, these
paraneters will 21l be unity,
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b) Parareters are reguired to describe tie anplitude and
frequency response of each series at each of the (1)
frequencies for which the spectra are found. Now as
Yz, Y3 and Ya, Y5, Ye¢ are derived by corbination of
the original series X1, Xz and X35, Xs, Xs it follows
that the amplitude and vhase responses of the series
Yz, Y3 and siniliarly Yi, Ys, Ys must be the same,
The arnalysis could have veen done without this assumpbion

but would have been mueh more costly, In fact the buoy

has been designed to approach this ideal of uniform
response of all chammels,

The co- and guad~spectra (Cij and Qij> of the ith, jth

series are now coubined to give the directional spectra
E(o; %)
el g/,\ ] AY
1w E(o, ¢) = B(o) &(o, ¢)
end &{o, ¥) =

1] . : 1
ﬁ! =& % (An(o? cos nd + Bm(cﬁ sin n ¢ )j

- 012/C14

f (C2z2 = C33)/(Caz + Cs3)

then Ay

i

s
™
i

(024 ~ 3Q25)/(Cia + Cqs)

s
W
1l

(Css = 6Cas + Cs5)/(Cas + 2045 + Css5)

>
IS
i

- Q13/Cq4

2021/(022 +Cs3)

-
il

Bo

il

Bs

i1

(3Q34 = 935)/(Cqa + Cys)

and By = 4{Css — Cs6)/(Caa + 2Cs5 + Css)

I

The following ratios are also found

Ry = C14/(Caz + C33)

Ro = I Gy 1/(014 + Cys)
Rz = H?C44/(Css + 2C4s5 + Cs5)
where I = n?s? (8 = 1(1)m)
9.8L%

These should, for small amplitude grovity waves recorded by
the buoy, bz unity, Departures might indicate errors in
freguency response or a low signal~to-nolse ratio and might
help in o selection of the useful part of the spectrun,

Ge (o, ¢) is then evolusted using weights Wy o8 follows:

— 2 3
| 4 . f» o \
G—8<O‘9 (fﬁ') = ;L = +n§1 "’ﬁl(“ﬁ cos ll(/)' + Bpnosin nég, i
i ~ ek
where Wi = O«8889
We = Q96222
Ty me (a5 )
T3 = 005259,

Wa = O«

1l

‘o . . . ) 154
giving o filter approxinately proportional to cos "5
whiech has r.n.s, width t 29°,
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inal section compares the doubly integrated

D =
e 3
®
-

ceceleration spectrum with the 3BWR spectrun, The
acceleration data is firstféurier analysed and
divided by the square of the freguency, The sun of

sguares of cosine and sine components 1s tgen snoothed
oveirr a muber of harmonics to glve approxinately the
sane bandwidth rs the power spectrum of the SBUVR,

Since the SBR is recorded at tine intervels of 2e scconds,
the frecuvency increment in tne power spectrunm is 1/27'/9c/
eycles/ second, If there are (n+1) teris in the scries for
buoy acceleration then the fourier scries ilncrenents are
1/ne C¥ @lcq/swoonq.

Tor the two increvents to be commensurate ne/Ll’e must be an
integer X/ say. Thus the sbooualnv should produce values

of energy at intervals of K//'ne oyulus/gaoond. To satisfy
these reguirenents n ney have to be reduced, The power
spectrum of the SBYR is found in the uswel way at
frecuencies s/hl’e 37(4)n! and the amclysis is

started at j’ = intogrs l part of 1//12,

For tie two spectra to be comparable the bandwidth should
be aporoxinately the sare, This 1is walGV@Q by applying

a tricngular snoothiing function sy metrical sbout the
reguired freqguencies btothe Tourter o Npmnents of the doubly
inbegrated acceletation record, It extends 2K’ harnonics
on either side of the cenbtral hoarmonics,

Thus, the nodulus of the individual haruonics of the
anceleration record is

n oy

I=o

| n
Gy = % 2 i;j Jr oxp /gw%EE

where p is the harmonic and yp is the series of accelerations.

The modulus of the displacenent spectrun Cp' is
e
Cv w / \rﬁ? energy/ cycle/fre ecuency increment.
Py

Sueothing with the trionguler filter yields the smoothed
spectrun

2K
T
o 2 Tt 1N 7 2
Elv) = 8 > 20 - 131) G/ .8 mne
( IFTE ,3( sl (p+3)
I e
wiere g (grav1tj) is reﬂﬁlfbi since tl celcr vtbion

ne converts the spectruu to Unlts of ene er/CJCZQ/oeoond

Thus
oK/ 0 iz
2(p) = g (ex/ - |4 t v, exp(2m °'”fmﬁr\§
) 3 "”VFE /. %4“ \" zn /‘
J=DK! r=o | (p+3)

and E(p) is to be evaluated I j’K! to i/ at intervals
of K/ hornonics, but because of tqe srioothing the originml
harionics are recuired from p = (! - 2)K/ o p = (n/+2)X’,

By

B(p), and similarly the power spectrum of the SBUR, cstinates
'7(6§ ot frequencies s/hlle, s = §° (1)K .
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Note that on entering this secticn of the program, 1 anc
rn nay be reset to 17 and nf to enable the freguency
increnent of the stvectrs to be the sane as that used in
the cross spectral analysis,

Hotes Chapter 1 of this progran wos wiritten by staff of the
British Ship Research fssociation,

If a wersion of ITT0 69 is required with coupass recndi
read fromn the nain data ta
should be nade:—

a) Tten 1) under Job description and paraneters should
be onitted,
b) The group of instructions in Chopter O starting at

lobel 25 and ending with END immedistely before label
21 shouli be renoved,

c; The dmstruction -——> 25, 21T should he altered to
—> 21, 21,

d) In Chapter 1 the last block of A7 transfers to auxiliary
store soould e alitered to

A7 (B! + 481 )Xe, 1
A7 (B + 48U & 2) Koy, 1
L7 (B! + 481 4+ L) Xao, 4

Zir( (Bl e }P?JE;.[ -+ 6) XBS’ 1

Prograimers JANES CREASE
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N.I,0. PROGRAM 68/C

Title

Langgage

Machine

Purgose

Inputs

Analysis of Cloverleaf buoy records
EMA

ATTAS 1

To compute the directional spectrum of sea waves from the
utput of the N,I.,0, Cloverleaf buoy. This program is
similar 4o N,I.,0, 68/B, the differences being outlined

below (page references are to the progren description of
¥.I.0, 68/R),

a) P.h, The data sequence is assumed to be:

Series O 1 2 3 L 5 . 6 7
Cycle

1 SBW b &y 2V3 Log 20 2gyy Compass

xy

b) p.2 and p,8., The maximum number of errors allowed is
6 per series (or 3 in SBVR series), If there are more
errors than this the program will halt after listing all
the errors in the data.

c) P.5, An additional directive is present in chapter O
i,e, D316,

d) poi. DY = 145N + 124 + 65,

e) p.5. The data is assumed to be on.one input docurent,

T

normally a magnetic tape. The terminator should be a
seven-digit integer, and the data title and S’ are now
read frowm the parameter tape, input 2,

f) p.1. The compass readings are assuned to be corvect, and
part of the main data tape,

g) p.1 and p.3., Programme -5 is used in place of programme -1
to compute the auto- and cross—-smpectra. The description
of programme -5 should be referred to for full datails of
the difrerences but certain directives are now increaseds

Chapter 1 X = 8(2I+1)
also B —-$15 is required.
Chapter 2 B 315 is required.

Larger directives than those specified may be used in
which case the MAIN store requirement need only be as
large as necessary for the particular data parameters
in use,

h) p.8. Cross-spectra of series 1,6 2,6 and 3,6 are omitted.

i) Certain quantities are output to magnetio tape in addition
to the lineprinter output., See 'output' below,

(Assuming program on paper tape)

0) Program

1) Data

2) Job description and parameters

(Assuming program on magnetic tape )
0) Job description
1) Data

2) Parameters
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Program

Job description

Data

eogu

COMPILER EMA

Program 68/C p.2.

5001 NIO PROGRAM 68/C CLOVERLEAF BUOY ANALYSIS 21/6/1967
(or date of appropriate version)

HATN 770700
AUXILIARY (0,325Y))
DUFES O

Then follows the program, ending with

Lod

Bk 7

Values of MHAIY and
31 minutes of dat
interval is ¥ second,

a

AUGXILIARY given a2bove ar: for up to
a when L = 7Y%,

M = 5D and the sampling

/ - . 1l
{Assuming program and data on magnetic tape)

JOB

SCM0OBL301, CLOVERLEAF BUOY ANATLYSIS

INPUT

2 8071 RUN 17/1 PARANETTRS
INFUT TAFE 1/e/O

1 3001 RUN 17/4

OUTPUT

O LINEPRIINTER (a-150) LINES
QUTFUT 1

TAPE &/TINEFRINTER e TIVES
OCEANS INMDOLWRITE PERMIT
STORRE b/8" BLOCKS

b o=

COMPUTTIIG o INSTRUCTIOI{S
EXECUTION <{, 50; + b /) WTNUTES]
TAPE COMMON

o)

TAPE

1 OCEANS ID095#WRITE INHIBIT ‘
TAPE

99 SI0AD2 LS4 69WRITE TNHIBIT t
COMPILER TLOAD |
ONY/NI0 68/C t

wxn?, (op Q)

Input stream 1:-

e = starting block on input

tape
a as defined in NIO 68/B

d = starting block on output
tape.

e = 8M

Output tope title for results

95 (25 minsy data) or
105 (37 mins,

c = 120000 (25 mins,) or

199Y0 (31 mins,)

Tnput tape with data
Tape containing program

Program file number

The data on magnetic tape comnencing with anSBWR reading and
ending with a compass reading followed by a seven-digit terminator
(e.z. 1234567), [For compatibility with other programs the
terminator >> or )) may also be present between the end of the
data and the seven-digit imteger]. The data begins in block e

of the input magnetic tape,

Tnput stream 2:-

DATA

S001 RUN 17/1 PARAMETERS
DATA TITLE

One line of tikle

(e.g.)
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Outgut

Brogrammers

Program 68/C p.3.

1) An integer (S’)  (see p.5)

2) Wine constants 8o s..e.se0s a7, b7, Lo convert ete,
(as on p.6 to 7) (Item 7 line 1 should read (6M+6)
amplitude and ,.....")

The data ends
duslesk Z
Stream O

As for H,I1,0, 68/B except that the cross-spectra of series
1,6 2,6 and 3,6 are -omitted,

Stream 13-~
On magnetic tape beginning at blook d.

1) Frequency nurber (s) followed by the coefficients a(-aas
and on the next line the coefficients bi~bs.

2) Frequency number (s) Followed b% the angular &igtribution
(normalgse&) at intervals of 15 beginning at O (line 1)
and 182" (line 2),

3) Frequency number (s, where s = INTPT [1/12+0:011 (1) M)
followed by the doubly integrated h:.ave spectrum, El@).

Chapter 1: British Ship Research Association

Chapter 2: James Crease

Programne =5 and chapter O: James Crease and Brian Hinde.
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N.I.0, PROCRAM 69

Title
Gode
Machine

Purgose

Tapes

Parameters

Data

Restrictions

Operation

Power spectrum of a single series,

Mercury CHLF 3/L

MERCURY

Given a time series, sampled at intervaglsof +
seconds to compute the mean, variance, auto-
covariances with lags ™I, and from these to
compute the auto-spectra for fre-uencies O
to M/2Lt,

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

() X = Run number. (Two decimal places).

(b) L integers:

J,K where 100J + R 1s the number of terms in
the series

L = Largest lag recuired for covariances (Spectral
analysis is in terms of harmonics of the

2 - o \
basic frequency O+5/Th ).

I = Largest order of harmonic in autp-spectra,
frecuency 051/Th, .

(c) 2 numbers (fixed decimal point):

jw}
il

faximum allowable difference between
consecwbive values of the series,

F = Calibration factor, physical units per
digit of the series,

T = Sempling interval, t units of time.

A series of numbers, positive or negative, with or
without decimal point:

Koy X4y oeocessee Xnmi. Woere n = 100J + K.

(At present, the form of print-out for the digital
nean and variance assumes the terms lie between -1000
and +100C , but this is not essential to the

nrogram as a Whole>'

J 1 (n {100)

<X < 99

1007 + X + 2L < 20,476 with CHIT L
12,28k with CHILF 3

T < 100

2 <L € 24C

(1) Read in progrem.
(2) Read in pmrameters and dala.

As it reads in the data tape the computer tests
each difference (Xp - % 4), and prints out the
value of r in the form j,k where r= J + k for



Program 69 p,2,

any difference exceeding the given D, All

such values of r are printed and unless there

is none the computation will not proceed any
further, but returns to ask for another set of
parameters and data, starting with X, Ifcthere are

e
no “errors™ in the data, the couputations and
print-out follow in due course, Operation (2)
may then be repeated starting with parameter X.
Output (a) Title
{b) Run number
(o) Error numbers r (described above ),
(a)If there is nothing in (c):-
(1) Number of terms in the series (100J + K).
(ii) Mean value in digital vnits.
{i11) Variance in digital units, variance in

physical units,

(e) For s = O(1)L prints (41 line for each s):~

@11 = Normalised auto~covariance with s lags.

(£) (1) Prequency increment 7+5/T4, cycles/unit time,

(ii) Tor s :-3(ﬂ)M prints (1 line for each s):-
8
By = snectrun (spectrum of variance)

in physicalunits®/cyele/unit time.
Time 2 winutes to read in the progrom tape,

The following is a gulde to the compubtation time:

With J =12, K=92, I = II = 57, tine = L minutes
(D not exceeded).

; ar 1

Method Mean value: X = = IX

Each value of x is then replaced by
x! = x -~ X
and the variance computed:
4 12 2 . .
Vi = ey 5x/2 (x F? for physical units)

Normalised auto—covariances:

n-g-1
(8), Yuale) = [s-)v0a]™" 3w %

where s is the lag number

Auto~gpectra:

E11(S) = -12611 (S""") -+ %'614‘(5} +.;l-_e11(s+/l), s /éo

E.1(0)

i

Fe11 (0) + Fe1s(1)
L

vtere e11(s) = 4FDV14 —rgg Vy4(r) cos (£§E>
- L

and &7 means the sum with the Tirst and last terms
halved, and s is the harmonic number,

Note This program is based on M,I1.0. Program 6 ~- Cross
spectrum of two series, written by D. E. Cartwright.

Programuer Mrs., W, Wilson

N.7



N.I.0, PROGRAM 72

Title Revision of Matthews Tables (1, Mediterranean Sea)
Language EHA

Machine VTLAS T

Purpose An echo-sounding machine is get to a standard sound

velocity, e.g. 1500 m/sec., and gives readings of
uncorrected depth to which Matthews eorrections are
applied to yield a 'true' or ‘corrected' depth.

The obJject of this project was to determine the
corrections to be applied to sound velocity values
at various locations and depths in order to investigate
the accuracy of the existing Matthews Tables and new
methods of presentation of the datea.

In this instance the program vias used with both
new and existing (i.e. already punche&) hydrographic
data for the Mediterranean Sea; a study of the
output was made and s report written by H. Charnock
and J, Orease; this was published as NIO Internal
Report No., A26,JULY 4966,

Iuputs 1) Program

2) Data

3) Job description, parameters and data titles.
Program This starts

COMPILER EMA

SO02 NIO PROGRAM 70 MATTHEWS REVISION 1, 17/11/1967

MATIN 700

AUXILIARY (2, O)

DUMPS ©

Then follows the program, ending with

CLOSE

followed by basic data, which consists of 101 numbers,
and ending

B Z

Data This starts with the word

DATA

and is followed by one line of title; this will
usually start S002 and be Tollowed by a description
of the data, Then follow the narameters and data,
exactly as described in the descriptions of the
various versions of NIO FROGRAH 58 (in the section
lebelled "Parameters and Data®)., [In practice,

the second parameter m and the group of parameters
a3 are not used from here but from input 3; they
mist appear in the data section (i.,e, input 2)
because previously - punched data will have them
here, but as they may not be the required parameters
for this analysis they are superceded by those in
input 3.

The data ends with
END 0F DATA

>

R Z
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Program 70 p.2.

Job description, parameters and data titles

Qutput

This input starts

JOB

Job number, data link number and job title

IpPUT

1 8002 NIO PROGRAM 70 MATTHEWS REVISION 1, 17/11/1967
2 3002 data ti+le, exactly as on input 2

SELF = 3

OUTPUT

O LINEFRINTER 1 LINES

STORE 25/7> BLOCK

COMPUTING g INSTRUCTTOLS

where 1 = 200 + 70 (no. of stations)

and ¢ = 1527 4 153‘(no. of stations}

The Job description is followed by blank thpe and
then the word

DATA

Then follow m and a; as defined in NIO PROGRAM 58,

ay being the standard pressures and intervals for
which interpolation is regquired.

Then comes
DATA TITLE
followved by one line of descriptive title, such as
ship's name and station number, position and date.

On a new line is punched an integer, being the
nearest integer latitude Tor that station,

The sequence from DATA TITLE to the integer value
of latitude 1s repeated for as many stations as
are in the data, and in the same order, This is
the source of the titles which are printed on the
output before the output at observed depths. The
tape ends

Sasesk Z

This is basically as for NIO PROGRAN 58 (see that
program description for det&ils) with some
cuantities omitted. The output for each station
consists of 1=~

station title
a) results at observed denths
D) results at standard depths

Seotions a) and b) are on separate pages on the
line printer output.

The output for a) {at obaerved depths) congists of ¢~
soample number
depth, metwes

correction, i.e, the Matthews correction (given
rother inconveniently in this program as a function
of true depth)

pressure, db

sound Velooity, metres/second
sounding velocity, metres/second
potential temperature, °C

potential density, i.e. g



Program 73 Peds

The output for b) (at standard depths) consists of:-
denth, metres

correction (as above )
interpolation error

sound velocity, metres/second .
interpolation error

sounding velocity, metres/second

interpolation error

Cost About 5/~ per station
Method As Tor NIO PROGRAM 58
Programmer James Crease

I)]’.?.
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Helo0e

Title

Language
Machine

Purpose

=Ty

Inputs

Job description

Data

Quttput

Prgg%amﬁerb

P

FROGRAM 71

Current meter observations (using paired current meters

EMA
ATLAS T

To resolve current meter observations into northerly
and e&obe"l“ corponents, and then to calculate the
coupenents at the deeper meter relintive to those at
the shallow meter., They are then compounded into a

velocity and direciion,

Jrosrar
Job and data

e

x””?',

Tie program stbarts
CO‘ "")1

’.JR Shll ;u

G072 MIC PROGRANM 71 CURRET |

"T’\Y"‘"‘l T 1 O

SERVATTONS 7/9/1958
» date ol asppropriate versi

and ends with

Mgk Z

In the Jjob descrlmtlon the number of
on cnannel (ZU, + total

el

(num“‘ I ot SJlia'tiOEJ-S))s

lines of output

the store required = 15/?“‘blooksﬁ

the number of computing ins

200 4 b (total
nurber of observations

tructions

e}

Ll

A block of datas consists of 1=
station number
number of sets of observotlions at

that station

the relevaat sets of observatious,
observations consists of 1=

ere a set of

deep neter veloclty in knots

directicn (crve)

deep meter
hallow meter velocity in lmots

- =y - . o (.4 {
snallow neter direction xtrue)

Tew blocks of daote nay follow; <the last block must be
followed by
>

;. Wk “CZI

There are six headed columns as followsiw

v

the easterly and nort components of the deep

meter readings

herly

the easterly and northerly components relative to the
readings at the shallow uecter,

the compounded velocity
shallow meter readings.,

and direction relative to the

Stewart Keupster, James Crease,

-
o)
ion)

muber of sets of observations



N.I.0. PROGRAM 72

Title
Code

Purpose

Tapes

Parameters

Interpolation of gap up %o 100 hrs, in hourly tidal series,
Loreury futocode ixnchine  MERCURY

To replace missing hourly tide gauge data by a harmonic

development with polynomial coefficients based on about
8 days of good data surrouniing the zap,

(1) Progran (2) Paremeters and data,

and data Define a "check number” as any negative number < ~999
(esge =1000, =1001, =2000, =3158, s.s..
may be used as check numbersj.

An dinput group consists of:

Integer parameters I, J, K,

a sequence of I readinzs, preceding the gap,
a "check nurber", see above,

a sequence of K readings, following the gap,
another "checlk number®,

T and K must be one of the following five palrs:

I= 45 K = 145
I = 70 K =120
I = 95 K= 95
I =120 K= 70
I =145 K= 45

of which I = 95 = K is recommended if possible,

J 1s the number of missing readings, and should be in the
range 4 < J < 100, The program will work formally for

alues of J up to 120, but the real accuracy of the interpolation
ney be doubtful for large values of J. The two sets of data

are hourly readings in chrounological order. They may be
integers or decimel, positive or negative, but never below
~999, Since the interpolated values are printed in the
Autocode format "4,2" it may be advisable to multiply the
original data by a power of 10 so as to be intepers < 104,

or to have € 2 d.DP.

End dndication Progran and data tapes end with ——»

Operation

pres. oo

Output

Read program, then data tape, The results for one input
group are punched, then the next group is read, or called
for, Any number of input groups nay be used,

(1) I, J, K, and check nurbers (see "Failures"),
(2) 6 "nean sea levels", and their average value, F',
(3) 6 weights for self-prediction 1 hr, ahead, variance of

"observed" and of "obs-pred", and predictions (1ess FY)
1 hr, ahead of I block and K block,

(1)-(6) As (3) for sclf predictions 2 hr. ahkead, 1 hr. behind,

2 hrs, behind,

(7)-(12) Central time and harmonic cosfficients Ap ~ As, Bo = Bs,

for 6 50-hr, analyses,

(13) 1st two and last two self predictions within gap (repeated
from (3), with ¥1 added),

(14) Complete set of J interpolations, 6 valuss per line.



No7

Restrictions

Pailures

Time

Method

Program 72 p.2

See "parameters and data®,

777777 printed after (1) meens that I and K do not correspond
to onc of the 5 pairs specifiied above,

8888 printed after (1) reans that the block of data before
e first check musber congists of more or less than I numbers.

. - 4
999999 printed after \1) means that the 2nd block of data
consizts of more or less than K numbers,

o

f elther of these 3 faults occur, the progrem skips through
¢ appropriate check nuibers, and re-starts at (1) with the
next input group,

N.B, I any of the check numbers is missing or invalid, or if
the datas contains a nusber < =999, the program goes berserk
and fails to deal properly with any subsequent data,

Ibout 13 + 1:7 n ninutes, where n is the number of input
groups,

Calling the data F(t), with the first velue of ¢ at 2 hours,
we refer to six times Ty -~~~ T¢ defined by

t = 24, then steps of 25 h, to I-21
and (T+J+24), then steps of 25 h. to (T+J+K-21),

We also use centrsl tinme, defined as

t = To = integral part of %(I+J+K+3), end write t! for t-To

The six "mean sca levels" {2) are the results of thu Doodson
"Zo filter" applied at Ty -—-Te., Their average F' is
subtracted from all data, and cross covariaznces with lags
0 - 7 h, computed from 150 times, to derive least-square
self'-prediction formulae, (P(*) now written for F(c) -F1)s

5, &
\

F(t+n) ~ >:vjfﬂ>3(t~ ), F(t-n) ~ ? W, (- n)F(t+i), n=1, 2 hours

6]
}_h
q
==
é

The four sots of w are prlnted in (3) - (’} with
eppropriate vordiances and the forrwlae used to supply “pseudo"
values of T *) at

t = 0,1; T+2, IT+3; I+J+1; T+dala2, IT+J+K+3
The hernonic coefficicnts (7) - (12) are computed from 49-

Fal
oalf
hour segnents of data with o Ycosine taper® to reduce sideband
effoots: 24

\
An(Tp1) + i Bn(Tp1) = (1/25) exp (inOT 1) / / KrF(TP+r)exp(inQr)

P24

(n = 1(1)6, holf this valw for n = 0),

<

where Tp1 = TP—TO,Q = 27/25, and K = 1+ cos Q.

r = 25 is not used because Kf = 0 for these values,
The computation method is "Watt iteration" outwards from r = 0,

It is now assumed that A (t), B_(t) vary but slowly over
the permitied tine range, as %5 valid for tidal uata whose
froquencies arc concentrated arouna (n/25) eph, n = 0(1)6,

Ac cordingly, the coefficients of a quintic po“ynominal in
= >°O1(1~To) are evaluated to £it each of the 13 sets of 6
estinates A (b ) or B (t ) exactly,  Theny ior each value of



Program 72 p.3

t! within the "gap" the values of A and B_ are computed
: ) . . n .0
from the polynomials, and the intec¥polation

% .

F(£') = Plono (k') + > l;an(t1)cos nr! 4 Bn(t1)sin nOt?
1

1= ’
for t' = T+2~Te to IT+J+1-To,
printed as (14),
Notes (1) The two "self~predictions” at each end of the gap are

intended for comparison with the corresponding harmonic
interpolations (14), a5 a check whether the data immediately
preceding or following the gap is seriously disturbed by
meteorology. In this case, the self-predictions may be
nore accurate than those depending on A and B at the
nearest volue of T, since the latter are avergges over ahout
50 hours, scarcely affected by the end data because of the
snallness of their K values, A reasonable compronise,
avoiding the discontinuity, is to take the selfprediction
as the first interpolated value, the average of self-prediction
and (1) for the second, and of course (1) for subsequent
interpolations, with a sinilar adjustuent at the ether end
of the gap.

(2) 7The interpolations are of course valueless if J does not
correspond exactly to the number of hourly times between
the given data,

-

(3) The input data sho:ld be checked graphically for smoothness,

(4) The progran is no use for interpolating gaps in tine
series other then tidal, or for tidal data at intervals
other than hourly,

Progrommer D.E, Cartwright.

mare:

N.7



N.I.0. PROGRAM 72 (ATLAS)

Title

Language

Machine

Purpose

Inputs

Program

Job description

Interppiation of gap up to 100 hrs., in hourly tidal
series,

EMA
ATLAS 4

This program is identical in purpose and method to the
¥ercury version of NIO 72,

O) Program

1) Job deseription and data

Begins:

COMPILER EMA

S002 NIO PROGRAM 72 (ATLAS) TIDAL GAPS 20/'9/1966
and ends

E R X Z

and data

Cost

JOB
Job number, Job title
TVPUT

O SC02 NIO PROGRAM 72 (ATLAS) TIDAL GAPS 20/9/1966
(or date of appropriate version

SELF = 1

QUTPUT

O FIVE-HOLE PUNCH n BLOCKS

STCRE 20/60 BLOCKS

COMPUTING p INSTRUCTIONS
where n = the number of input groups
and p = 1000 + 200n

DATA

then follows the data, the last group ending
with / on a new line and

. A

About £1 per input group

The output and method are identical with NIO 72,







