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FROPOSAL TO BUY A SHMALL COAMPUTER
YOR DATA EARNDLING AND PROCRAMME CONTROL

Alec G. Little
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The computer will be required to perform the following essential
functions:

1. The computation of the hour angle of a gsource.~- This reguires
input information to the computer in the form ¢f: 1) Real Sidereal
Time, 2) Precessed apparent local R.A. of the scurce for the date.

Tha calculation involives subtraction of the two agbove quantities for
hcurs, minutes, seconds and subsequent coaversion to radians. The
precision reguired is approximately 1 part in 106, i.e,, foxr the
paximum spacing the change in wavelengths for s change im hour angle

17 -is

dA = 7336\ cosE dH
G
dH = mmé:.?mm f@ﬁ‘ H = 60
W 7 |
(S0 X 60X L2 and dA =m£¢\_
360
= 7.6 X 10"6:..,% ,
10

and we should ailow one further order of magnitude for later rounding
off.

2. If many cycles of the fringe are to be added in the correct
phase it will be necessary te calculate the fringe phase for all of the
spacings 30 that the timing for the supermosition may be established.
Associated with this is the necessity to calculaie the times at which
the delay lines have to be changed so that it would seem desirable first
of all to calculate sinH cosd which can then be used for both the above

5
calculations. The precision reguired here is again one part in 10 .
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To do this we require the precesset apparent declination of the
source for the date. (This, together with the precesseqd E.A., could
be calculated in the computer at the time, however it would ceem better
10 do these calculations separately which avoids storage and time in
the computer. This same information, althoupgh perkaps in a different
format is reguired to set the antennas. )

The value of sin H cos® is then stored for further use.

a. The delay lines are then set ueing this valuc multiplied by a
suitable constant. The present systen isg to Bave all the delay line
switches in parallel but with a bit length appropriste to each antenna.
Hence for this value of H the delay lines are set 7o the nearegt wategral
bit length. Each time H changes the delay lines gre reset.

Ancther approach would be forxr the computer ¢¢ put out a pulse when-
ever the value of X sinH cogb reached a prestoved table of values. This
would need about 512 numbers to be stored. I7 the hour amngle vas changed
to look at snother source, then the computer would have to generate a
traln of pulses to reset the delay lines.

b. The computation of the fringe pkrse can be carried out in a similar
fashion. That is sin¥ cosd has to be miltiplied by 9 different constants
to give the predicted phase at hour argle H. This information has then to
be used to sample the dats and causy¢ it to be stored in the computey memory
for the duration of the observing 7eriod > 5 minutes. One nethod for

doing thig is shown in the flow cuart, ¥ig. 1. 7The ides is as follows.
The predicted fringe phase i: calculated first and gives a value

6943 .26 wavelengths eay for the fastest fringe. The derived value is

then rounded off to 0.3 and hence we sample the data and put it into

slot 3 in the memory. In this way 10 samples per fringe would be obtained

and each time the pradicted fringe phase was rounded off to 0.3 the c¢ata

would be sampled and stored in the same slot. Since the fringes are not

all at the same rate, the slowest fringe’s predicted phase is rounded off

to the same value for several ¢ycles of the computer and hence several

data samples will be stored in the same slot. With this method the

computer finishes its run with 10 slots per Iringe of data - i.e. 90 slots

total. The 10 slots define the fringe and are sufficient to lose only 0.056

-

db in gignal to noise ratio. Slower saapling could be used but a loss in
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signal to noise would be the penalty. Also the sampling interval should

be related to the fringe period. (This method ie Lllustrated in the
flow chart, Fig. 1.)

This is just one method of sampling. Another approach would be to
multiply the data comtinually by € sinH cos8 and C cosH cosd so that
after the observing pertod is over the compuier memory has just two

Yet another approach could be to use linear sampling at a rate fixed
at the beginning of each observing interval. The data would then be
sampled regularly and stored in the computer in a mapner similar to that

above.

Until the detailed programmes are written it is not obviouz which ie
the best approach.

c. The output of the computer is finally stored on magnetic tape for
further processing.

B. Furthsr Uses of the Computer

B S — e et e

it is pot intended initially to use the computer to set up the antenna
pointing although it could obviously be used to do so. This iz a refipe-

ment witich should be left until the more important programnes are wvritten

and working,

L

C. Choice of the Computer

There are quite a few small computers availabie all at competitive
pricegs. However the H.P. machines are favoured for the following reasons:

l. BService facilities are easily available.

2. Interfacing existing H.P. equipment at lieliopolis with cther
computers would undoubtedly cost time and money.

3. Can be programmed using ASA basic Fortran.

4. Vord lengtk 16 bits - desirable to cut down storage syace.
Rearest competitor is 12 bhit computer.

There are three H.P. computers to choose from. All have game basic

format but have different degrees of expansicn facilities. The smazliest
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computer 2114A has no facilities for extra multiply/divide hardware,
has only 8 externgl interrupts (i.e¢., external channels), and has no
facilities for high speed input-output.

The HP 21134 has all these facilities plus 32 interrupts for input-
output. The HP 21168 is a bigger machkire and would seem not to be
required for the present installatioa.

The blocgck diagi‘am of the system ig ghown in Fig. 2. The hardware
which alresdy exists is shown shaded, and kence sll other components will
have to be purchased. The overall cost of the system is shown on page 6.

Note that 21l of the available 8 output-input channels have braenl‘ ue ad
up and any further extension will require either the extender option or
gacrifice of one or other of the existing functions.

It is not known at this stage how long it will take for the programme
to be written. The machine is prograsmmed by a paper tape which is compiled

irom supplied programne tapes and the teletype. Hence once a programme has

been written it is always availlable to be read into the computer and cz=n be
used again and again.

Some idea of the time taken to peviorm the aample progranmme has baen
obtalned and is given in the next two pages togetheyr with an estimate of
the storage required. These have been obtained from the H.P. repreé@nth-
tive and the H.P. pocket guide to H.P. computers. W¥We can get some idea
of the time taken to feed the programme into the machine as follows. '

If we want to store 1000 words into the machine and if ezch word hes
on the average 6 characters, say e.g. AERIAL is a six characier word, =~
then 1000 stored words requires 6,000 characters. Using the slow ﬁpae‘é
reader this takes 600 seconds to feed into the machine, whereas the high
speed reader operating at 300 characters per second takes 20 seconds.
This calculation is obvicugly not acourate but should give the order of
nagnitade.

Note ﬁhﬂ.t. the computing tins calculated above has to be less than |

the sampling intexval of the fastest fringe. This time is of the ordey
of 1.88
10

conputer can do all the necessary caleulations well within this time.

= 0.188 seconds so that the sample programme indicates that the
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Computation
APPROX STORYE
iilliseconds Words
1) Calculate difference between
Sidergal time and Precessed R.A.
3 calcitlations H, H, S 2.7 94
2) Convert to Radians
Multiply each of 3 numbers by Egﬁsgsgt 2.2 51
Result. Hour gngle now established {could be updated to allow for computer
tine).
3) Calculate sin H cosd .
cosd considered a constant 21 66
4) Calculate C sinH cozd 0.75 51
5) Round off this value to nearest )
integral number 1.0 29

Result. This number is now the numbher of bits required for the delay
lines and is used to set the delay line register.

6) Calculate Kl sinH cosb 0.75 51

7) Round off to lst decimal place 0.5 as 29

8) Use the decimal to select a memory slot
then read appropriate channel into the
Memory . 0.5 ns 220

9) Step digital voltmeter to next chammel
to await sample.

10) Go back to 6 and rspeat 8 more times 50
11) Stop after this and go back to (1)
and recalculate for new value of H 50
12) After 1500 Repeat stop and print out 8G
onto MAG tape constant of 90 memory o0
cells.

Result. Each fringe will have been sampled at least 10 times and hence
there are 10 numbers specifying euach fringe.-- 90 total.

Hdence total time for once arcund the loop 1~10 is =~ 50 ms. Total
storage is approx. 1000 woids.

This does not include any subroutines however which would be
necessary io operate paper tape, reader teleprinter and magnetic tapeo.

It is expected that another 1000 words would cover the amcunt of
4000

storage for these functions. Hence/wrda of memory is probably encugh.
However, an 8000 word memory would allow the flexibiiity for other

functions of centrol of the whole antenna systen for example.
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Estimated Cost
/ 2114A Computer 2115A Computer
Computer 8950 14,500
8 K memory 4000 5,000
Teletype - Paper tape punch 2000 10 characters/ 2,000
sec

Clock interface 790 750
Counter interface 750 790
IBley Register for delay 600 600

line
Power fail interrupt S00 500
High spead tape input 2100 300 characters/ 2100

sec

Mag. tape interface 1500 1300
General purpose dupl 1500 15C0

registers

23,650 29,200
Delivery 6 months Delivery 6 wesks.

Prices less 5% for educational purposes
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