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Preface

Astronomy, the study of the heavens, and your Spectrum are just made for
each other! The excellent graphic potential of the Spectrum means that
dusty subjects like Kepler’s or Bode’s Laws can be brought to life.

This book emphasises the visual side of computing and astronomy:
in doing so it may displease some purists who only wish to see
astrocomputing as number crunching to the nth decimal place. However
computers are in the business of communication. Just as BASIC is an
acceptable computer language, so a graphic display, in addition to pure
numbers, is an important aid to the rapid assimilation of facts and
concepts.

This book is not specifically directed at astronomers but at Spectrum
owners who wish to expand their computing interests into other fields. I’ve
kept explanations of the mathematics or trigonometry used in some of the
programs to an absolute minimum. You don’t need to know about such
subjects to RUN the programs — simply key in and RUN. I’ve also
explained the general working of each program, in full, where appropriate
and included relevant information about astronomy.

There is a commonly held impression that everything which happens in
science is happening today. In many ways this is a good thing as it means
that so many people are interested in what goes on. But astronomy has a
long history and standards, formulae and computing devised centuries
ago, even before the telescope was invented, are still in common usage. (A
classic example would be Hipparchus’ stellar magnitude scale — still in use
after 2110 years.) Not only is astronomy an ancient science, computing is
older than you might think!

We are all prisoners on this beautiful island Earth — a tiny speck sailing
through the cosmos. It is hoped that some of the programs included in this
book will entice the user to flights of fancy to other worlds and so widen an
experience of the mind.

Acknowledgements
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rithms used in the two planetary ephemeris programs and to James

xi




Xii

ZX Spectrum Astronom y

book, based on an algorithm by Jean Meeus

’ 1
U“less oﬂlel wise Stated a“ the IHUSII aIIOHS m th S bOOk are by t]le autllOl .

Guidance Notes

The following notes are intended to provide some guidance to the layout of
this book, and its relevance to Spectrum users.

16K and 48K Spectrum compatability

Although the programs in this book were written on my 48K Spectrum,
they should RUN on the 16K Spectrum without modification (apart from
the Starmaps program in Chapter 8, which will fit on the 48K only). The
total memory capacity necessary to RUN the other programs should not
exceed about 7K — well within the 16K Spectrum’s 9K of usable memory.
No machine code routines are included and the few POKEs and PEEKs
that are used are compatible with both versions of the Spectrum.

The programs

Most of the LLISTings in this book were prepared via an Epson printer and
an RS232 interface to the Spectrum. Only the ASCII character set can
normally be committed to a printer (other than the ZX printer) and so the
Spectrum’schunky graphicsand UDG set CHR$ 128to CHR$ 164 inclusive
are named as CHR$ CODE:s in the LLISTings when they are included in
programs. This doesn’t affect the RUNning of programs and is preferable
in many ways — leaving no doubt as to which character is intended.

NB. The Epson printer does not include the hash sign (), which is repre-
sented in the LLISTings by the pound (£) sign, or the copyright sign (©),
which is represented by the @ sign.

As far as possible, I have tried to ensure that the LLISTings are identical to
the screen LISTings you will see as you key in the programs.

Although it is unlikely that one programmer will completely understand
the technique of another, you may find it helpful if I clarify some of the
points behind the layout of the program LISTing.

1. The Spectrum screen and the LISTings are limited to a maximum of 32
~ characters per line, including the line number.
2. Multistatement lines do not aid legibility.
3. Only 19 characters (within quotation marks) can be used in a single-line
PRINT statement, before it overflows on to the next line.
4. REM statements are an important aid in breaking up the program.

xiii
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Idon’t subscri
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Error-trapping
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dlsplay m l)()t]l “l()ll()c]l] ome a]ld C()l()ul SO that text alld a lllCS Stand
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Amendments
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However, none of the programs in this book are of this kind, so the ques-
tion does not arise. The operating speed of the Spectrum for most tasks in

Guidance Notes

amateur astronomy is more than adequate.

As an example, the Planetary Ephemeris program in Chapter 6 takes
about 20 seconds to compute and PRINT to the screen all the planetary
Mercury through to Pluto — within, generally, a few minutes

positions —
A skilled mathematician would take

of arc accuracy for any chosen date.
about 15 to 20 minutes per planet to do this ‘by hand’.

From Spectrum to night sky
Some of the programs have an observational bias, and I certainly hope that
you will feel encouraged to leave your Spectrum sometimes, and find the
stars and planets referred to in the programs, using a pair of binocularsora
telescope. This would make these programs much more rewarding.

You can get a telescope which is quite small and still very effective. The
t for is not the magnification (which is just a

important thing to look ou
) but the size of the aperture of the

by-product of the optical arrangement
main collecting lens — or mirror, if itis a reflecting telescope.

Anything which improves on the human eye’s miserly aperture (7 mm
diameter at best, when adapted to the dark) will produce dramatic results.
For example, a 60 mm aperture refractor (lens) telescope collects at least 70
times — ie (60/7)2 — more light than the eye, and so makes many faint
night-time objects clearly visible.

If you end up hooked on astronomy, t
sations which will be pleased to help you.

he appendix lists some organi-

Warning! On no account should any telescope or pair of binoculars be
pointed at the Sun! Instant and permanent blindness will result. (This

instrument is fitted with so-called sun-filters, which are

applies even if the
pass harmful

not safe — they may shatter under the sun’s hedt or

radiation.)
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Introduction

About 7 pm on Sunday 25th September 1983, seeking a well earned break
from the typewriter and this book, I wondered if the planet Jupiter was
visible in the clear dusk skies. The planet was already low in the southwest
when I had last seen it some weeks previously, and the situation would not
improve. Speed was of the essence. A quick run through of programs (as
contained in this book) was called for.

First the tape of the Planetary Ephemeris program was RUN with the
INPUT date of ““1983:9:25’. Barely 20 seconds later the computation was
complete and a COPY made to the ZX printer of all the planetary
positions.

Next the Startracker program was RUN with Jupiter’s location at RA
16h 15m and Dec — 20.8° entered, together with my latitude (+ 51.2° N).
The program was stopped during the PLOTting at 18.00hr GMT (equal to
7 pm BST) and another COPY made. This COPY indicated that Jupiter
would be at an azimuth bearing of 211° (south-southwest direction) and at
an altitude of + 12° above the horizon. There was still a chance of seeing
Jupiter but only in a bright sky before the stars became visible!

Finally the Jupiter’s Satellites program was RUN and the date entered
for PLOTting at two-hourly intervals. A COPY was made of this screen
display, too. There followed a frantic dash to the bottom of the garden
where the telescope was permanently mounted. Luck was on my side!
There, nestling in a gap in the rooftops was the planet Jupiter with four
attendant moons in a ragged line — all clearly visible through the telescope.
Reference to the printout for the Jovian satellites identified them as
Europa, lo, Callisto, Jupiter itself and then, on the other side of the planet,
a solitary Ganymede. All were in precisely the locations as predicted for
that date and hour.

Some 20 minutes later at 18.20 GMT, Jupiter set behind chimney pots,
but not before some of the Gavin family were roped in for a spy through the
telescope. This shows that, even under pressure, the programs can be
quickly chained together to find out the relevant information which makes
astronomy more enjoyable. I hope that they add to your enjoyment.
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CHAPTER 1
Time

Time and the calendar

Time is not just the ticking of a clock. If time did not exist, then neither
would the universe. Time is fundamentally a measure of change in the
position of an object (ie movement) — be it an electron in orbit about the
atomic nucleus or the separation of galaxies since the Big Bang.

Fortunately, time seems so natural it’s just like breathing. The ticking
clock is a nice homely reminder of passing events measured in seconds,
minutes and hours. And the calendar marks some order in events beyond a
24-hour period.

Astronomers use all the familiar systems to measure time, but variations
are needed.

The Earth’s timekeeping

The Earth, once thought to be a perfect timekeeper in its 24-hour rotation
period, has been found to have small ‘glitches’ that can be detected with
modern super-accurate clocks. Not only do we have leap years to correct
the calendar (because there are 365.2422 days in a year), but ‘leap seconds’
to correct the grinding rotation of Earth. Leap seconds are only applied at
very infrequent intervals, of perhaps a year or more, and their necessity
cannot be predicted with any certainty.

The Earth can be compared to a spinning ice skater. Extending the arms
will slow a skater down — the spin is converted into ‘angular momentum’.
In the case of the Earth, it appears that climatic changes (like a series of
North Atlantic depressions over several months) can contribute to slight
changes in the Earth’s angular movements, resulting in the need for leap
seconds. It has not been proved conclusively that this happens, but it is
worth remembering that a single summer thunderstorm over Britain
releases more energy than would a single H-bomb — such is the power of
weather.

The calendar

The 365 days in the year (366 in a leap year) are allocated in seven days to a
week, between 28 and 31 days to a month, and twelve months to the year.
The word month is probably a corruption of ‘moonth’ for this is the
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approximate length of time which the Moon takes to orbit the Earth. The
four quarters of the Moon, ie between New Moon and First Quarter and so

on to Full Moon, Last Quarter and New Moon again, occupy about seven
days each.

The Gregorian or Reform Calendar

Julius Caesar is recognised for the introduction of the calendar which
allowed for leap years every fourth year, so losing the quarter of a day
(about 6 hours) gained each year. This assumed that the year was 365.25
days long whereas it proved to be 0.0078 days (11.23 minutes) /ess than
this. This may seem trivialina year, but over the centuries it can amount to
an error of several days to the start of the year. In the sixteenth century the
matter was considered serious.

In October 1582, Pope Gregory introduced the calendar which bears his
name, designed to improve on the Julian Calendar. The days of October
5thto October 14th, inclusive, of that year were deleted completely, so that
October 4th was immediately followed by October 15th. This brought the
calendar back into line with that started by Julius Caesar.

The second measure was to ensure that such a discrepancy did not occur
again for several thousand years. If the full century was divisible by 400
then it would be a leap year: otherwise it would not. This means that 1700,
1800, and 1900 (leap years in the Julian Calendar) would not be, whereas
1600 and 2000 would remain leap years. Simple but effective. The error of
11.23 minutes is now reduced to about 26 seconds between the civil year (as
accepted by governments) and the tropical year, or true year. This 26
seconds error can be corrected in the calendar by omitting a leap year every
3334 years but we can let the future generations worry about that! You can

see that Pope Gregory (and his calendar advisor Clavius) were far-sighted
men.

Because the Gregorian Calendar was instigated by the Vatican, it did not
meet with approval from Protestant countries like England. England and
the North American colonies did not adopt this Calendar until September
1752. This is why reference is rarely made to the events of October 1582 in
American (computing) books. One of the last states to adopt the Gregorian
Calendar was the USSR in 1917.

The message here is important for the historian whether of political or
astronomical subjects. The calendar used by a witness must be carefully
researched before it is possible to know to which date he refers.

With this background information we can now proceed with some pro-
grams relevant to the calendar and time.

Spectrum Calendar

This program PRINTS to the screen a colourful calendar, four months at a

time, for any selected year after 1582 — the year the Gregorian or modern
Reform Calendar was introduced.

4
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The program

R . ber,
The essential part of the program1s Lm-e 10 vyhere theé1 uhg:ls:)szyng;neam
as it is called, is calculated via the variable j(m) f.or- e hon bt
ing the first FOR/NEXT m loop. This is lz.ner compa un
m'omll]éous;li%h the Julian Day number for each day using the var'la ej
L‘;?nst tl)le Julian Day number for the first day of the next month:

130 IF jx=j(m+ 1) THEN GOTO 190

ie start a new month. Thus each month has the correct numotz)er I?(fi i%s ;.;3
full account is taken of leap years (February 29th) at 4, 100 a
Im;:ealbi:evity of the Julian Day number routine as a iimple 0?161;11;61:; L115
i i icin that the portions in brac er are o -
?:t}:g\i,: ?r:;f}:e?gli?ggL: I%illcvalue if false. Line 140 identifies the day of the
wele,li(r;eeEZS()uirslja(:%nlgi?ir(lil?ll GOTO, for displaying the .reglammg t:vt(})1 z:%;:z
of the calendar starting with May and September. It is 1mg}):;rt;:(r)1gram b
her odd Lines 311 and 313 are not amf:nded, otherwise ' I")rh i
o d beyond the first page covering January to Apnl. ev :
the PFOCCS FOI{/ NEXT m loop (Line 60) is upgraded via the vanab.le a 1_n
tLh'e Se3C 101n The conditional GOTO in Line 220 repeats this m loop ;mtll ;r:h—e
lénf 1 (ra;ther strangely it is always + 1 more than th§1c3ur(r3t:)%t -:2; ;)e :nd ¢
loop) for December so the program will GOTO
re}}Fllf:] iZEM statements identify the general structure of the grt%g;ig:._
Most of them are concerned with the comp'lex screer;l dlépltatléf :1nline e
ting. Each Julian Day number is shown briefly on t. eb 0 e O e
: d. as the Julian Day begins at noon (this will be exp in he
?LTEZI:] zll)nat;: program later in this chapter) a value of 0.5 appealrs nldar
umber. See Figure 1.1 for a sample page fr.om tl?e Spectrum cafethe né N
’ The program contains a couple of useful tips. Firstly, the.u;e othe st
the beginning of the program to serve the dua} purpose of tgll&gas 30) foe
Ting and the screen display. Secondly, reserving space via

use in Line 40:
40 PRINT ... d$+a$+d$ ...
instead of the more usual:

PRINT ... d$+¢ 30blank spaces +d$ ...
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Figure 1.1 - - . - -
17 LET e$(m)=d$ (m*3I-2 TO m*3)

Sample page fi 1 -

S o siendar. 15 NEXT m

s LET z=1: LET =z=0

20 CLS =

FO R R X 5. L Lk L

(’ ™\ 24 REM
SPECTRUM ©caL EN ) 25 REM  initial screen display
1984 Uan NDAaR Dl REM %X E X ERRHEA R XKRN
: i S 15 22 23 <" 5B T0 FOR n=1 TO 1é&: FRINT FAFER
T 2 .9 16 25 3o £ 15 35 253 n/%2-13 INE 93 (" " AND n=9)+n%(n
[ Z 3% 32 32 = 7 11 31 oot y4+n iz NEXT n
= S iz :2 28 3 3 12 352 asu 40 FRINT : FRINT y: FOR =0 TO
3 7 14 =3 =e 3 16 17 =Za4 s 1y FOR n=1 TO 7: FRINT PFAFER 7
. 4 11 18 25 = —ni INE 9id$(Z6+n) +ad+d$ (36+N):
s a 11“1; . . fpr NEXT n: FRINT : FRINT : NEXT f
L/ 5 12 138 zg z 8 ic 82 28s o FRINT AT 2,9ies(a)s AT 2,2
u 8 13 22 27 3 19 17 £S5 o cred(atl); AT 11,93e$(a+2): AT 1
T 1 & 15 53 34 4 11 15 25 U 1,225e% (a+3)
E 2 9 16 23 Zo € 13 %g 25 T 7 REM 365K 5933 2 KM KN NN
5 & 1@ 17 z4 31 7 ia 21 gg g 55 REM screen format
=éH REM 363 3 KN I3 KK KKK R
j H0 FOR m=a TO a+3: LET xx=1

\_ ¥4 itian Day No=Z44E62a .5
a0 IF m=3 0OR m=4 OR m=7 OR m=a

OR m=11 OR m=12 THEN

LET #ux=10

where the d$ contains the initial letters of the days of the week from char
- s LET zz=0
T OR m=7 OR m=11 THEN

acter 37 onwards. (See Line 6 for th
: ecompl
of the d$ holds the month names. plete contents of the d$.) The rest 90 IF m=3
Line 210 contains an opti T ==
. : ption to COPY the screen di LET z=1
time via the INKEYS$ command. isplay one page at a “100 FOR d=1 TO 31
- 110 LET jx=j (m)-+d-1
= 'CEM ***:*-:-f*ai-).e-**-x'***%***-x.%** 120 IF m=12 THEN GO TO 140
o P =" SPECTRUMCALENDAR" 170 IF jx=3i(m+1) THEN GO TO 19
4 'SEM R e LT 4]
e$(?~ ET afé$0): DIM j(12): DIM 140 LET g= INT (jx-5)-7% INT ((
= aogoe ) R - a=1 . = -
- & am 1t - Gu=5)/7)+1
ulﬁﬁng;gdﬁﬁ JgnFebMarﬂprMayJunJ y LET w=q+l: IF g=1 THEN LET
eh-geeptctNovDecsMTWTES" w=x-gqels LET z=z+3
THEI::I IE’F"UT_ "year="jy: IF yi1583 1554 REM %% %5 %3 5 %3 3 X3 K H NN KK
g LE? w7 155 REM print calendar
LET yy=y/1003 LET yil= INT 15l REM  H%H2% %385 XM KR KR KX H X KA X
Y LET v =y /4(')('). - re . Y
9 REM y/400: LET ya4= INT vyt 160 FRINT AT x+ux,z+zzi FAFER
16 2o **:*:****************** 7-qi (" " AND m/2= INT (m/2))+("
JorHR m=lTO 12y LET j(m)= IN " AND d+10)3 INK Fid
Ili?bu"gb:(y_fm{3’3)+ INT 170 FRINT AT 21,0:"Julian Day
.c-r1m+1+1g*(m'i‘3) 1) =y Ly 417209964 no="4jx
D vl AND yy=yl AND vt <3 y4 A 180 NEXT d
M-, .o - -y
o 190 NEXT m
194 REM 9% %%3 59533 KKK KW KN NN
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1?5 REM merL

19& REM *%%*%*%*%%%%%%*%*%*%%*%
200 FPRINT EOi"Fresg
to continue": Faus
210 IF INEEY$ =ugn
215 REM %%
25 GO TO

for COFy
0

THEN GOy

4 months s

goto nes

AO0+M

LET a= Yo GOOTO 20

CRUN & REM after 12%h month
REM %*%%*****%%!%**%*%%%%%*

PO SAVE "Spelal " LINE 1

Julian Date

Astronomers are naturally interested in events far removed from Earth,
which sometimes have a periodicity quite unrelated to our calendar.
|

Timing these events by quoting the date when they occur would be
tiresome, so astronomers resort to aver

y simple counting system called the
Julian Day number or JD for short.

The reference date is noon (GMT) January 1st 4713 BC. Everydate hasa
separate JD beginning at noon — currently this is a seven-figure number in
excess of 2,400,000. That particular JD was passed on November 17th 1858

and is sometimes used as a reference date called the Modified Julian Day
number (MJD).

The following routine calculates th

ber 1582 — the month the current (

Decimal days can be included in th

! fraction of a second on a particular
number. For example:

e JD for any INPUT date after Octo-
Gregorian) calendar was introduced.
e JD so that an event timed even to a
day can be written as a single, if long,

JD no 2445470.501 = 1983 May 16 (Monday) Oh 01m 26.4s (GMT)
eg 1 minute and 26.4 seconds after midnight on Monday 16th May 1983
(GMT).

It can be seen that, for com

puting purposes, the JD is much more conve-
nient than handling dates fr

om the regular calendar.

Y REM FH KKK KW NN N
10 PRINT "Juli an Date (ORUT) =" H
11 REM B o R R AV

IO LET D ='SatSunMonTueWed THuE
riJanFEbMaﬁAprMayJunJulﬁu

gSeploct
NovDec"
40 INFUT “year”;vﬁ“mcnth“;m.”d
ay"siD

SO LET M$=D% (M*T+1% TO M»Z+21)
100 B0 SUR 10003 LET J=JJ+D
160 LET @=J-7% INT (J/77)y+1
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Dy t="RES

EooTO N

" B o o o
! R e 6N e K M 3 M N

; - 3o Yay M
calo Julian Day :
L,.%&x&%%&&%**%&****%**

1010 LET

y/1000 LET Yl= "'I‘N‘\T; 'r'Y

ET YT=Y/4008 LET Y4= INT ¥ .

Yu LET YT=Y /400 v L s

; C LET JJ= INT AT L T'f, : 1( Mj IT') )
¥%); INT {30,6601*(M+1+1; 8 R

) ,-,_-:/ 144 e AND M
?1('1 ;14""1 TF YY=YLl AND YT = Y4 AND

LET Jd=JJ+1

3 THEN

M| e e N T I MK M N K
saVE "Jday"

Julian Calendar

i INTs to the
‘s program is a variation of the Julian Date program Sr::; I;ﬁy Yeur st
v gc:omplete Julian Day Calendar for any mo}r(xt o ting the
grfeg; 1582. It also identifies the day of the week — hig
cto . f
Sundays in INVERSE. See Figure 1.2.

Sa“lple Julian Day Calendar, with Julian Day number for each day .

Ti\\
Julian Calendar 1933 Rug (8hr U

61.5
.S Mo 1S 2445561.5
e 3 aiiggig.s Tu 18 3412225'5
TU 2 E448SiSiE us 17 24455635
I 2 Ssisssels ;h §§ éiiésss.s
2445552 - 2 13 2

s5a 6 SS62 Sa_2 1.4 =

8 D2445554.5 Mo”gg 5445568 «
o S S44ssss.5 Tu 25 2445569.
g 1o 2445222'3 We 55 2445571.
Th 11 B24438248:% er 28 2445572
Eh %E giigésgiq sa zz'gifggfl-_
ST AT S DAA5575.5
B @ 244557€.5
1 2445577.5

K e E J

Jonen arninen

|




ZX Spectrum Astronom y

The program accounts for the actual number of days in the selected
month. The JD is PRINTed in full and is timed at Ohr UT (GMT), ie from
midnight. As the JD begins at noon (of the previous day) a value of 0.5 is
included in the answer. This represents the 12 hours between noon and
midnight — the latter marking the start of a civil day.

? REM ***********************
10 PRINT  "Julian Calendar ";
11 REM ***********************
Z0 LET D$=”TuWeThFrSaSuMDJanFe
bMaerrMayJunJulAugSepOctNDvDec"
Z9 REM ***********************
40 INFUT "vear"s » 'month's
41 REM ***********************
S50 LET M$=D$ (M*3+172 TO M*Z+14)
60 FRINT Yi" "iM$3" (Ohr ury»
100 G0 SUE 1000
110 LET X=0: LET A=0
115 FOR D=1 TO Il LET J=JJ+D
120 IF D>*14 THEN LET X=14: LET
A=Z: REM X,A for screen format
149 REM ***********************
150 IF J=J1+1 THEN STOF
151 REM ***********************
160 LET @0=J-7x% INT (J/77)+1
170 LET E$=D% (2*(—1 TO 2*@)
180 INVERSE 0
189 REM ***********************
190 IF E$="Su“ THEN INVERSE 1
191 REM ***********************
200 PRINT AT 1+D-X, X+AsE$; D3
210 PRINT TAR X+b+A5J+.5
220 NEXT D: STOF
09 REM ***********************
710 REM calc Julian Day no
911 REM ***********************
1000 LET ED=17209%946: LET Mi1=M+1
1010 LET YY=Y/100: LET Yi= INT v
Y: LET YT=Y/400: LET Y4= INT YT
1020 IF vvy=vi AND YT <> vg AND ™
<3 THEN LET ED=ED+1
1020 LET JI=ED+ INT (Z65.25% (Y—(
M<Z)) )+ INT (30.6001*(M+1+12*(M{
F)))=Y1i+vY4

1040 IF YY=Y1 AND YT <3 vya4 AND M

10

Chapter 1 Time

R 1 ED=ED-1
1= THEN  LE f . AR D% (Y~ (
1050 LET J1=ED+ INr.(ubd-i1+1?*(
M1cT)))+ INT (Z0.6001% (M1+1+12%(

™M Y)Y 1+Y4

1060 RETURN .
QOO REM ******ﬁ**%*
990 SAVE "Jcal

PR R X T L L Lk

Day of the Week

On what day of the week were you born?

0
When will Christmas Day next fall on a Thursday?

uch problems by identifying any INPUT

k — Sunday, Monday, etc. It is ideal fqr
broutine where the date is

This simple program answers s
i f the wee

date against the day o

incorporating into a longer program as a su

included.

REM XN K KWW R EHHHKEEEXXRTEX
) " Weak="3

10 FRINT Day of

l? Lgar**********************;

iﬂ CET D$="Sat5unMDnTueNedThu

o

40 INFUT “year“;Y{menth no's
ndav"iD: GO SUE 1009‘ ) .
’12§YLET Q=J-7% INT \9//l+é)
176 LET E$=D$(3*@:%/I?Yff;”.E$;
Z00 PRINT D;”/Z;M{ ,1, i ;
tday": FRINT 3 GO TO e pn
969 REM PR SR TR L TR

910 KEM calc Julian Day no*****
Qii REM ************%***** iy
010 LET YY=Y/100: LET Yl%lirYT
Y: LE{ YT=Y/400: LET Y4i=;iyn(Mf
1Aﬁ0 LET J=D+ INT (Z dl;u:*(mgﬁ.
75;;+ INT (EDubool*(M+1+1LYT
;);Y1+Y4+(1 AND YY=Y1 AND

i sy . RETURN

1 AND MaE): RETUR . o
;gﬂ! REM *********%************

9990 SAVE "DoW"

ri
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Interval Days

This pro .
betwepen irvi)ml ;‘;f{lﬁ;lgestthe xt)lremse interval in days, hours and minut
. ates which may be b ’ _ utes
turies a ; y be between a fe
MID isi\):;:'.k:cl; ZIT?OFtam part of the program is from vIv,iiln; l;l(l)tevsv}io can
ut for each INPUT d » Where an
full ac : ate. Each date ha i
count is taken of leap years (February 29) at 4 Sl?)(;u:r?; Zg(l)) -
’ year

intervals. If an invalid date
ate is entered this is
the purposes of computing the interval SRS a e tme date, fot

Example a) 1983 Feb 33 (invalid)

=1983 i
b) 1984 Feb 33 (invalid) Mo 4 o)

= 1984 Mar 4 (valid)

The two INPUT dates may be enter

the result is always positive. The m
January =1, February =2, etc. Fig

ed in either order. Line 70 ensures that
onth should be entered numerically —
ure 1.3 shows typical results.

Figure 1.3
Example i

Interval d

e a 5= — 3 ~

1955615 Zor agm (D49
34-10,5 12h 2Em

177854 sh 2om

Exampte 2
Interval days=

2812,3,21 15 ~abatasl
1601.5.11 1om Sem

15@9@64d Sh en
Ex
ample 3 (bath are cane datel

Interva( d =
%essfox“133523ma
983,2,29 12h 43n

Qd onh &m

(7 d
REM ***********************

i? SEM Interval Davs

20 DIm ?T**************Q******

=t J(2): FOR x=1 To =

40 INFUT nyearu;vgul 0 =
day"sD, "hr (0-23) "3 H;z o

L

month'";M; "
min"imn

Chapter 1 Time

s FRINT Ya ' /7"Met/sDs " "aHE"

AHOD E0 SUR 4

7O OLET days [GEGDENEEN D

ao FRINT "Interval days=",day

5o LET hour=24% (day- INT day?:
LET min=60%(houwr— INT hour )

100 FRINT , INT days'd " INT R
ours Tho s INT ming"mta T Ts GO TO

Ve RV K KKK M N R HNE
10 REM calc Julian Day no

DL ML RN NN N IR
1010 LET Yy=Y/100: LET Yi= INT Y
v LET YT=Y/400: LET Yé4= INT YT

Y OLET J () =D+ INT (265, 25% (Y-
Y+ INT (EO, OO L% (M+1+12% (M
Y1) =Y LYa+ (1 AND YY=Y1 AND YT

S ¥4 AND Moy RETURN

GOO0 REM %5 %R %R KRR LR R R HXH
ggo SAVE "intdays”

Local Sidereal Time

Our household clocks, which use a 24-hour period (or two 12-hour
periods), reflect the daily passage of the Sun across the sky. The Sun is
approximately due south at noon (approximately because the Earth’s orbit
about the Sun is not a perfect circle but slightly elliptical). This means that
the Earth’s orbital velocity will vary with the seasons whereas the Earth’s
rotation on its axis is almost constant. The net result is the Sun gets out of
synchronisation by plus or minus about 15 minutes from its noonday pas-
sage of the southern meridian.

The stars, in contrast, keep virtually perfect time. Because they are so
remote, the Earth’s varying orbital velocity is of no consequence. The stars
return to the same point in the sky (for any fixed location) four minutes
carlier each day whether daylight blots them out or not. Sidereal time or
star time is based, therefore, on a clock that runs four minutes fast on the
household clock.

Knowing the sidereal time for any date and hour is important for
astronomers so that they can plan ahead for their viewing sessions (weather
permitting). The best viewing occurs when the region of interest of the sky
is to the south of the observer in the northern hemisphere (to the north in
the southern hemisphere) and at the greatest altitude. (Twinkling stars
caused by a disturbed atmosphere are less prevalent away from the

horizon.)

13



14

ZX Spectrum Astronomy

Ihls Sholt pIOgIaln calCUIateS the ]oca] Ieal time against [he
N ( ) Slde g

4:4m then Sirius — the bri
time coincides with the Ri
Sirius.

ple, if the sidereal time is ¢

. omputed as 6hr
g}llmttit star.m the sky — will be due south as this
g scension (explained in the next chapter) for

12 S%M **********************%
1i EEM Local Sidereal = TimP.
i: ;M *********************;*
o FRINT  PFAFER 6;”L8T:ct";'“
A due south:your site" Trars E
20 INFUT "Your 1: i
. ' ) Longitude 11 y
.breenw{ch=0~(west)+(ea5t)“" ﬁil
E L$: LET L= VAL L% P
S0OIF Ls (1) «n nen AND L#(1)
n+n DF' - (T3 - §
S X ABS Lr180 THEN &0 T0O
40 FRINT FAFER S5po
) Y BN W [p= Sic "
1:T15,-(L€-3T)Long:“;L!}s;JI-ZHII-“:‘;)_‘11'];-'('1:}1‘j 1
l)j?_fRINT“ FAFER Sy (" éﬁé L ¢
EUUIHCUEY AND L (1) =nan) o
Z? REM #**********************
E r?\INEUT "Date yyyy,mm,dd": TA
SiYi TAE LOiMM: TAR 1Zip
?i ?EM *********&*%**;¥¥*%*x&*
D IF MM312 OR D<O OR D= Tt
~GD . L0 0OR DxEL THE
]5 ERINT Dit"/vsMMyn/ngy
éz HE& **%***********%*;******
Li INFUT "GMT/UT:hh.mm" s TAER 7
B;N;_E$: LET E= VAL E$
Bi REM f**********************
- IF EX24 THEN 60 TO 8O
99 FRINT "GMT="3: LET T;_
+;f&— INT ED 760%100) )
00 LET M=MM: IF M>2 3
! H =2 THE
M~NT1: GO T 120 HENLET
1i9 L%T Y=Y=1: LET M=M+13
120 LET J= INT (365.25%Y)+ IN
(Z0. 6001 *M).+D+1 720987 AT
120 LET G=b.43627+6. 570905
gl P SO2T+E . STORERE~ 2% (
ijg LET TC=G~ INT (G/24) %24
lu: QE1“§=L/15+T+TS+T/143ﬁ*4
60 IF S:24 THEN LET 525:74

N

]

INT E

Chapter 1 Time

170 IF S¢ 0 THEN LET G=5+24
180 LET 8T= INT (5%100)/100

LO0 REM %% KR XK KW KX M NN R K NE X
200 LET H=T: GO SUR 300 FRINT
sonpaT="s: LET H=8T: GO SUR 00

S0 FRINT ¢ PRINT @ GO TO 60
DG REM %R KRR EE XXX XXX XX XEX
=00 FRINT  INT Hi"h"i INT COH-
INT H)*60+.5)3"m ", RETURN

OO0 REM #5005 K330 3 KKK KRN
g0 GAVE "LSTime"

Reaction Timer

It is appropriate to include this program under the section dealing with
time, although it very much relates to the rather imprecise impression our
brain has of short intervals of time. Because the human eye is readily
available as a superbly sensitive detector at the telescope (and photo-
detectors are expensive, complex and generally unavailable) the human eye
continues to hold sway.

Occultations — timing the disappearance or reappearance of astar from
behind the Moon or an asteroid — can yield accurate results of scientific
value about the motion or diameter of that body. This work is almost
exclusively done by amateur astronomers using small telescopes. It is,
however, important to know what is called the ‘personal equation’ of each
observer (the observer’s accuracy) to adjust his results — hopefully to 0.1

second accuracy.

The program
This program uses the Spectrum’s 50 Hertz ‘clock’ — started with POKE
23672,0 in Line 45 — to test your reaction times to a series of mock
occultations of both disappearances and reappearances. Each result is
revealed audibly, numerically and visually (via a coloured bar-graph).
Each event is started with a random PAUSE in Line 30 to avoid complete
anticipation. If you cheat — by pressing key ‘p’ prematurely — or are so
slow as to take longer than 0.44 seconds, you geta warning, and the resultis
disregarded. The Spectrum ROM will also try to cheat by skipping lines if
the PAUSE 1 in Line 21 is omitted, but this is not added to your result.
The essential part of the program is in Lines 45 and 100 — which,
respectively, POKE the timer to start and PEEK the answer. By limiting
the instructions between these two to an INKEY$ loop, < 0.02 seconds (to
process the data) is added to your reaction time. Your results may be 10 to
20 times slower than this delay. Figure 1.4 shows a typical result.
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Figure 1.4

Typical results for one individual’s reaction times. The brai
onreappearances (0.324 seconds average) in comparison w
average), as this sample demonstrates.

ninvariably proves more sluggish
ith disappearances (0.308 seconds

('press ‘p

‘A3 s50¢CNn as the ‘star”’ \
aPpPeaArssdisappears
seconds
1 a.32 L T A e———
2 - 3 e
3 .28 L ——
4+ .44 e P PR s S
=1 .28 -3------.
Your PE =B.'E4treappearance1
1 2.28 [ SRR —
2 .24 S ———
3 2.24 ss——
4 .42 D e S —
= &.386 S ——
Your PE = .BBE’-(disappearanf:e)
‘Zfar FPrintout: "TR10o RUN agaar

Even for non-astronomers this program proves very addictive! How fast

are you on the ‘zap button’?
I FRINT "Reaction Timer"
RN 5956 363 0 3696 3 3 3630630 069369636 6 26 6
4 FRINT ""Fersonal Egquation
:10 simulatedoccultations,
S FOR i=1 TO 7: FAUSE 20 FRT
NT AT 9,05 INK ign I reap
pearances"i AT 11,05 INK 8-i§"th
en S disappearances": NEXT 1
FAUSE 200
6 FRINT """ "If yvour time Falddg
ec or =0sec the result is disc
ounted."
7 FRINT £035 FLASH 13" Fress a
ny key to start....": FAUSE ©
8 BORDER O: FAFER O: INK 7: C
LS @ LET tt=0
1O FRINT "Fress PTas s=oon as
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2 REM **“K-*****#—**************
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appears/disappears”
AT 9,058 F

the "star? A s/
172 FAUSE 2003 FRINT
ASH 13 "seconds”
LHT: HEM ****************f***f**
15 LET d=0: LET xf": EQHEE=U T
0 1: LET tt=0: FOR f=1 TUHQ
20 PRINT AT 7.1458" 0
21 FAUSE 1 o
nE TF w=0 THEN GO TO 20
PLOT 127,112 o
L0 FAUSE 2004+ RND_%&UQM
40 FLOT  OVER dil127,1132 o
&Z kEM PRV R R R R T L R Rk
1 FOREE 2E672,0 o o
=00 TF INEEY$® ="p" THEN GO o
100
A0 BO TD 50 g 50
20 LET t=( FEER 236 L..u.\ .
};1 FEEM 5 5 200 3 3 36 K 6 3 0
AL o . . hepers L Q18 F 8 1" " H
110 FRINT AT 10+n+1{,; S
120 IF =0 0OR tr.44 TH&E FE&NT
;TDG fast/slow": LE} qTQ+LfL;:“
G0 SUR 2608 FRINT AT 1 (-H—ff;—: L O3
eady e BOOTO EO

FReady

130 PRINT t . -
140 FOR n=% TO t*qut o .
150 FRINT AT ++n+lu,n,'INh_E:;
O-3 CHR$ 1408 NEXT ny LET g==20
tr GO SUR 260 T
160 INFUT  FLASH 1i"press ENTER
v, LINE =% o

170 LET tt=tt+ts NEXT § L
180 FRINT "Your FE ="i FLQ?)+(1
tt/5r FLASH OF ("(re" AND x=0) ¢
fdiqh AND 3 0)+“appearance)q
.lﬁé IF w=0 THEN LET g=Iiu GQrbU
B 2603 INFUT FLQSHM%irNow 91f§p
pearanceswpressm?N[bH H E;?th
200 LET d=1: LET xmbg N t-:R’t

=10 PRINT "7 Z°for printouts .
o RUN again® o

“;O LET g=1: GO SUE 260 .
9 REM *****************f**f**
: IF  INEEY$ ="" THEN GO TO

Time
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240 IF INKEY$ =ngw

250 RUN THEN cOopy
] F\'l:M ***‘**;*****

(780 FOR ve-z0 T0 40
Sono Xds Vi NEXT vi RETURN

900 2 REM HER LKA HHR XK KW NN XK
7990 SAVE "speadh X KN

STEF g: BEE

CHAPTER 2
Spheres within Spheres

Just as your Spectrum uses a two-dimensional coordinate system to
PRINT and PLOT on the screen, so astronomers use a virtually identical
system to represent the skies above our heads. But, whereas the Spectrum
TV display is effectively small and flat, the skies have a complete ‘wrap-
around’ through 360°, both horizontally and vertically. One hemisphere is
above our heads and one below our feet making a complete sphere.

The computation of positions on this sphere is relatively complex and
requires almost constant use of trigonometry. It is beyond the scope of this
book to explain the mathematics involved: in fact, this is deliberately
excluded, so that you can simply key in the programs and get results with-
out any knowledge of mathematics or trigonometry.

There are a number of coordinate systems which are used by
astronomers. One we can all relate to concerns the relationship between
our local horizon and the stars as they pass across the sky. This involves the
conversion of, say, a star position from one system to another. A couple of
experimental programs follow, (experimental in their means of present-
ation) to explain this relationship. If you would prefer a written expla-
nation first, go to the section headed ‘The celestial sphere explained’ and
return to the programs afterwards.

The Celestial Sphere (3D images)

The celestial sphere, a device beloved by astronomers, is difficult to depict
on a flat page so two separate attempts will be made to reconstruct a three-
dimensional image via the Spectrum. Do not be too disappointed if the
illusion does not work for you — it is only an experiment. I’ve tested both
of these systems with reasonable success but some factors may be beyond
your control.

The first system involves DRAWing two separate images on the TV
screen and viewing the result through coloured filters. A colour TV must be
used for the display and it may be necessary to adjust the contrast and
colour controls for the best effect.

Figure 2.1 shows a COPY from the screen after RUNning this program.
The COPY is obviously in monochrome and what it does not reveal is that
the screen display uses two INK colours on a single overall PAPER colour.
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;I;}glﬁttt:::l g\i'erlappil_lg imdages are PLOTted in separate INK colours The
mageisinred (INK 2) and theleft hand i i .
will be noted that, with the excepti estiine and Gl &
s ption of the east/west line and
and W, both images are identical but dj e ather s E
, ut displaced one from the other hori
tally. The background colour is magenta (PAPER 3). These three gg;f)?xrrl;

h S
have beeﬂ chosen Wl[h COIlSldel able care a“d Sllould not be m ded
amen untll

Figure 2.1

This display appears in 3D, when viewed throu

program introduces the necessary colour into thgh voimager - e on a colour TV. The

€ two images.

(30 celestial sphere

Viewing the results

You will need two deeply-
which to view the TV disp
deeply coloured. Pale tin
test, the filter used should

colour'ed' filters — one red and one blue — with

lay. ¥t 1s Important to stress that these should be

ted cfjllte.rs are useless in this application. In the

. ilte render its own coloured im

: ‘ : ageonthe TV

: }i:;illley fljl;:ls‘l;,le’ whilst the contrasting coloured image appears bolsdclrye'ei[e1

b madzr ;f 2111::;8h()1w up dthe lred TV image and vice versa. The filtt;rs
coloured cellophane or a

qced beto get the right depth of colour. A SPiap i

size for each filter.

The screen results should be vi
. . ¢ viewed from a distance of betwe
eight feet (depending on the size of the TV screen) with the regr;igfel;rhacr;g

in layers if
square 5x 5cmis about the right
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over the right eye and the blue filter over the left eye. The two separate
coloured images should appear fused into one about midway between the
TV and your eyes. A little patience may be necessary before the brain
accepts the two discordantly coloured images as one.

The whole image, with the exception of the oval horizon line, the E/W
line and the E and W markers, should appear on one plane. The horizon
line and the E/W line should appear to project both towards and away
from you with reference to this plane. Similarly, the letter W should appear
close to you and the letter E further away. You will notice that the program
title remains firmly fixed on the TV screen — this is because its colour is
black (INK 0). Because black is in reality colourless, the filters have no
effect on this portion of the display and so the 3D effect is absent.

The limitations

Despite the relative complexity of the screen COPY, the screen display has
to be kept simple with as few as possible of the lines of the two coloured
images intersecting.

This is because the Spectrum display will only support one INK colour
per character square. When a second INK colour is overlaid, that portion
of the design initially coloured red (INK 2) will be rendered blue (INK 1) if
it falls in the same character square. This means that some parts of the
design become visible with the wrong filter and the 3D image becomes
fragmented.

To minimise this effect, the red image is PLOTted first: when viewed
through the blue filter, thisimage plays a secondary role by only appearing
faintly. The main image (in blue) appears boldly with as few spurious lines
as possible from the red image to cause distraction. Despite the faintness of
the red righthand image it is sufficiently effective when coupled with the
blue lefthand image to give the illusion of 3D.

All colour TVs produce tints (colour plus white) and shades (colour plus
black) from a blend of three colours — red, blue and green — via the three
colour ‘guns’ in the TV tube. To ensure the maximum colour separation of
the 3D images, only primary colours are used. The background colour
should be passed by both colour filters equally to minimise eye strain.
Hence the selection of colours (blue (INK 1) and red (INK 2) with a back-
ground colour of magenta — ie blue plus red — using PAPER 3).

The program
The program is quite straightforward and has sufficient REM statements
for guidance — just enter, RUN it and view the results. The two coloured
images are drawn between Lines 60 and 140, the variables a and al giving
the necessary separation using the same FOR/ NEXT f loop.
G FREM %% R X MK KK NN NN
10 KREM 3D celestial sphere-TV
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ié gEﬂ ***********************
Lsh: RSSDER Z: FAFER Z: INK O C
26 PRIN$aESS=magenta(red+b1ue)
AC 2D cele i 5
use RED+BLUEfi1ter:§tlal spheres
40 LET a=11%2: LET = :
b=§0: e C:7;. LET al=160: LET
Zg ?Eﬁ R NI H KK H WA
60 L 21 REM %%~ <H i
79 REM *********;Ed o e
B? CIRCLE al,b,c
123 :LDT al-c,b: DRAW c*¥2,0
20 FLOT al,b: DRAW —60, 60: DR
W 120,-120 T ous DRA
iig FOR f=0 TOo p1 *2 STEF ,072
{*~_TLET H? SIN f%c: LET v= 6&5
IS{Q: FLOT al+s,b+y: NEXT £
129 REM **gosub lettering
. 9 IF a=al THEN @O SUE 220: I
NE 0: FAFER 7: STOR S
i;g ?Er ***********************
g L 1: REM *¥blue LH i
ou 1 im
1§9 REM *******************igi*
lbp ;ET al=a: GO TO 80
izg SEM NI MK I MK K KN N
ii: SEM **¥blue E/W line+letters
:%é ?EST**********************:
220 F al,b: X 10,2 D
ey ity :b DRAW 10,28: DRAW
nESS FRINT AT 7. 145 "E"s AT 16,1
‘:._;Il II; AT 1(:)'3-“[.\'“;. |~ ; - I’_'.'-“,
P AT 1o,2qpngn 0 1On1SETO”
240 FRINT A S " ’
. AT 4,55 "Np": AT 12,2
ESQ REM ***********************
:?? EEM **red E/W line+letters
:Pf REW f**********************
L300 INE 2: PLOT 160,b: DRAW -5

KKK KK AN N K K

28: DRAW 10, -S54

29(:) F'R.[NT AT 7’ 18;“E"; AT 16,72

?;”w"; AT 10,93 "N"5s AT 10,21;"0"

AT 10,303 5"

I00 FRINT AT 4,11;"
i 2115 "Np"; A
i P"i AT 19,

Chapter 2 Spheres within Spheres

10 RETURN

DO REM %% %K 3 543 H K KKK HH KX HKH

9990 SAVE "ID sphere”
Celestial Sphere — X-eyed 3D
This second program for producing a 3D image — again of the celestial
sphere — uses an entirely different technique. A colour TV plays no speci-
fic part in it but the ZX printer does. If a ZX printer is not available, then
simply use the printed screen COPY in Figure 2.2 to experiment with.

The system involves preparing two separate DRAWings, from two sepa-
rate viewpoints, of an object appearing to possess depth. When these
drawings are placed side by side and viewed by crossing the eyes (hence
X-eyed) the two images can be fused into one, producing a striking 3D
illusion. It is estimated that about one third of the population can do this
trick without undue eyestrain and I hope that around the same percentage
of Spectrum users will be able to doit!

As this is the only 3D system not requiring any viewing aid, its inclusion
in this book seems justified. The system has the merit (over the TV/colour
filter system just discussed) that the viewing material can be of considera-
ble complexity — the problem of overlapping INK images does not arise.

The two COPYs produced via the ZX printer and this program should be
laid out with some care (use Figure 2.2 for guidance). The notation in the
bottom left corner of each COPY shows the relative position of each draw-
ing. The centres of the two CIRCLEs should be between 70mm and 100mm
apart — the precise dimension is not critical. What is vital is that the N/S
lines running horizontally through each drawing should be parallel. Use a
rule to check that this is so before the COPY is firmly fixed to heavy duty

white paper with spray mountant.

Viewing the image

The mounted COPYs for viewing should be placed at normal reading dis-
tance (or a little further away in a good light) without any shadows on
them. The COPYs should be looked at squarely — neither tilted nor
rotated. Cross your eyes, perhaps using a finger briefly midway between
eye and paper and the two images should fuse into one. The system does
require that the eyes converge on a midway point but are focused on the
drawings. Results are easier to obtain if you don’t over-concentrate. Keep

viewing periods brief.

The program

The program is a modification of the 3D Celestial Sphere program. Even if
aZX printer is not available it is well worth keying in — even on the screen,
the drawings have a 3D quality as they are PLOTted. If you intend to
modify the previous program to produce this version then first delete Lines

20 and 30 and add as a direct command:
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BORDER 7: PAPER 7: INK 9: CLS: LIST ENTER

This will clear the distracting magenta PAPER colour which was essential
for the previous background colour.

A new Line 20 is entered, containing the DATA for a little figurine
POKEd in UDG CHR$ 154. This is FLASHed in the centre of the screen
(instead of a letter O) and represents our observer in the middle of the
Celestial Sphere. Two ellipses are PLOTted in this program — to represent
the horizon and the celestial equator. The latter comes in two versions
according to the INPUT in Line 275, ie a righthand (RH) or lefthand (LH)
image, and is inclined at 45° to the horizontal. The variables t (tilt) and zx

(semi-major axis) control the shape of the ellipse and variable z is fixed for
the inclination. Line 500 allows for a COPY to be made or a reRUN of the
program for the second COPY via a one-touch INKEY$ command.

G REM %% 5% % %% 5 K %K XK N KK KM%
10 REM 2D celestial sphere X
11 FREM  %%%% %5 % %% % %5 X5 X% KX X X XK
20 DATA 24,8,62,93%,157,20,20,3
4: FOR =0 TO 7: READ a: FORKE U

SR CHR$ 154+f,a: NEXT f
Z0OFRINT "ZID celestial sphere

X—eyed image"

FRINT AT 1,1Ss"Zn"s AT 21,
155 "Nd"s AT 11,35"N"s AT 11,2658"
Sy AT 11,168 FLASH 13 OVER 1i C

—_——
S

HR$ 154
40 FRINT AT 4,6:"Ncp"s AT 3,2
23 "Mer": AT 19,23; "Scp”
45 FRINT £0i FLASH 1i"plot hor

izon"
S0 FREM 3 3 3K K 3 KK 3NN KRR
7O LET al=128: LET b=80: LET c
=79

80 CIRCLE al,b,c
DRAW c*2,0

20 FLOT al-c.bz
100 FLOT al,b: DRAW —60,60: DRA
W 120,120
FIT o*2 STEF .02

110 FOR £=0 TO
120 LET u= SIN +%c:
FLOT al+x,b+y

LET y= COS

fxc/ i
125 NEXT f
EG FETM R % N 9 3 K M KK XK
LH image

260 REM input RH or

25
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261 R :
275 ?Sgui*:;:******************
"ice or LH image? (r/1)
276 FRINT @
o ‘ T 21,05 ("RH"
FUY+CILH" AND < ﬁH“ AND c#
ge S Y+ ima
280 IF c% <% tpen -
b: DR M N’HEN  FLOT
N A?N“ 10,28: DRAW -20, -54; :‘1-
bgs g 175 VENE AT 16, 145w "
DRAW -5 55? r' THEN  FLOT ai,b:
AT 7. 151 npn DRNAW 10, ~56: FRINT
3(‘)‘—)51:"—"! -E '; AT 1(5. 16 g N T
SO0 FRINT £0i FLASH 13"plot
- ) (]

r4gg celestial equator” st
o LET t=18: LET z=5c
) =00 LET zu=
410 IF cg=np:
="r" TH :
ET oymeo EN  LET t=z0: |
420 LET z=
L =1/ SIN ((.1+4z2)/180% F
421 LET t=
L 17 SIN ((.1+t)/180%

430 FOR =0 T
s =0 T0 o T
440 LET aa= SIN anf—-*J— STEF .03

450 LET bb=
o = COS n*zx/t+
460 FLOT INT (ai+ aa(u
b) aa), INT (b+b

470 NEXT n: INFUT »»
ﬁ?? REM %% 55 %% 5.3 %% %
ndﬁg FRINT £0i"Fress c to CoF
51orlse”1&$§3:”= FAUSE © FYs
-=£NPUT "M G0 TO EOOTHEN COFy
520 RUN o
3339 REM 35555562 3 .36 2
O SAVE "ZDsphxx

Lk b B L

WKW NN

The celestial sphere explained
Letter O (our figurine in the

. revi
.the middle of a sphere. This Previous program) represents an observer in

obser i
ver stands on a horizontal plane at the

oot (Zn) the nadir (Nd). Th i
iy ertical plane, called the meridian (MeZ) m;flileg; I\llmé1 P%SSCS ;
, »Zn, S, Nd,
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The observer can define any point on the sphere in terms of ‘azimuth’
(horizontal) bearing from the north point of the horizon, E=90°,
S =180°, W=270°, and so on for any intermediate position. The vertical
bearing is measured in ‘altitude’ from 0° (horizon) to 90° (zenith). He can
also use negative values, eg the nadir’s altitude is —90°. The zenith and
nadir are effectively the poles of the horizon coordinate system. All these
reference points stay fixed — our observer is quite simply on home ground.

The observer’s sphere of horizon coordinates is shared by a second
sphere called the star or celestial sphere. This second sphere is usually
inclined to the first (unless our observer resides at the north pole of the
Earth!)and hasa virtually identical system of measuring angles, but these
are called by different names. Our observer resides at a latitude of 45°
north so the axis of the celestial sphere (which remains parallel to the

Earth’s axis) passes through him at this angle marked by the line Np (Ncpin
the X-eyed program) and Sp (or Scp). The star Polaris marks the north
celestial pole in the sky.

Inclined at 90° to the polar axis is the equatorial plane which cuts
through the observer’s E/W lines. In the 3D Celestial Sphere X program,
this line is drawn as if by a star rising in the east, reaching its greatest
altitude as it crosses the southern meridian and then setting in the west. The
star’s progress continues even when below the observer’s horizon, and 23
hours and 56 minutes later it returns toits starting point. (On the Spectrum
this is speeded up to about a tminute or so!) This period is used to calculate
sidereal (star) time which is 4 minutes adrift from the Earth-based time of
24 hours. Over 365 days (one year), this 4 minutes difference amounts to 24
hours, so the two return to sychronisation. In this way a different starry
sky is presented as the seasons go by.

The star sphere is divided horizontally by a line parallel to the celestial
equator, called Declination (Dec). It is measured in degrees from 0° (celes-
tial equator) to 90° (celestial pole): south of the celestial equator, the values

are negative. The lines running at 90° to the Declination lines are called

Right Ascension (RA)and are similar to lines of longitude on Earth but are

d of degrees. Each hour of RA equals 15° so that

measured in hours instea
24 hours equal 360° —a complete circle of the star sphere. Lines of RA are

measured from right to left across the sky.

The RA of a star when it crosses the meridian also marks the sidereal
time at that moment. This is a point worth remembering. It is only neces-
sary to calculate the sidereal time for the day and hour (using the sidereal
time program) to find which stars are due south — use a star atlas for
guidance. As the stars (and the Sun, Moon and planets) are at their greatest
altitude when on the meridian, they can be seen to best advantage then,

particularly through a telescope.
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Star Point
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If you choose some bright stars for the program, then you should be able
toidentify them in the sky, with the help of a star atlasora COPY from the

Starmaps program.

but from different

Figure 2.3
°) but from latitude

The azimuth and altitude of Jupite
latitudes. Inthe upper example, for latitude
327N it is still 23° above the horizon.

r for the same time on the same day,
63.2N Jupiter has just set (-1

Jupitleq rRA=16.15 pec=-21.8
29;9'1962:18!1 148 tat=53.2"
sidereal TimeE = 3 3h40E
Zzimuth=217" IiLtitude=—1%
Stac below horizaon

Jupiter RA=16.15S pec=—-21.8
29/9.{1933:18&\ 14x La(:ﬁa.?‘
cidereat tiwme= 18hHh 45m
azimuth=221" attitude=23"

Elusive planet Mercury
Planet Mercury shows us why familiarity with local horizons is essential.
The planet is invariably only visible in a bright sky within a hour of sunset
or sunrise, when the stars can give no guidance as to its location. So plot-

ting its position on a star atlas may be pointless.
here, the most favourable time of year to find the

In the northern hemisp

planetis ona spring evening in the western sky and on an autumn morning
before sunrise in the eastern sky. In the southern hemisphere, the favoura-
ble seasons for viewing are reversed, ie autumn for the evening appearance
and spring for the morning. Mercury is never more than 20° from the Sun.
Mercury’s RA and Dec can be found in the BAA Handbook where the

‘elongation’, or distance from the Sunin degrees, provides useful guidance
as to whether a search is likely to be fruitful. Alternatively the Planetary
Ephemeris program (Chapter 6) can be used to predict the RA and Dec of
Mercury and the Solar System Trek program (also in Chaper 6) for suitable
elongation. Here it is advisable to INPUT a number of dates, say at three-
day intervals, before they are transferred to our Star Point program (in

case some prove unfavourable).

1473—1543)isreputed never to
Perhaps the mists that

Note: The famous astronomer Copernicus (
icus resided,

have seen Mercury despite several attempts to do so.
arose from the River Vistula in Thorn, Poland, where Copern
thwarted him. Using this program, you may have a better chance.
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Figure 2.4 A Local Skyline about Midnight

The sketches show the Plough (Big Dipper) and Cassiopeia (the
Polaris (P) midway between and fixed above the north point. Th

the horizon is equal to the observer’s latitude (about 51° for Lon
directly above the observer’s head.

The dotted line from the ‘Pointers’ should aid identification of Polaris. Suitable landmarks
should then be found along the whole horizon for future reference using a fixed vantage
point.

‘W’) for each season, with
e Pole Star’s altitude above
don). Z marks the zenith —

SUMMER

WINTER
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o0 LET Y:
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EET LR:l{C: LET f=100/60: LET DR
a)s;r: LET RH= INT RA+(RA- INT r
210 LET T=TT
LiQ LET S=T+TS+T/1426%4
i%? ;F Sx*24 THEN LET 8=8-74
j59 IF S< O THEN LET 8=8+%
jém LET ST= INT 5*1@0)/108
ié? ﬁEM ***********%****¥§;****
£7U SEM calc azimuth.altitudQ‘
j7§ REM *************k*****¥*:*
380 LET HR=((S-RH)*15) /R '
270 LET AL=R* ASN ( SIN DR* SI
N FR+ COS DR#* CO5 LR* COS HR)
40? LET AR=AL/R: LET V= SIN HR
419 LET AZ=R* ACS (( SIN DR~ SI
N hﬁ* SIN AR)/( COS LR* COS AR:)
322 ;EIK;O THEN LET AZ=C-A2Z '
: LET H=ST: 56d§6§aé35§m§é%§;)”é
SZ?: ?;“azimuth=“; INT (.5+AZ);
X IO, "a i = : 5 :

s igaltltudL s INT (. 5+AL
?ﬁg IF AL<0O THEN FRINT FLASH
i"Star below horizon"

46? REM 9393 536 5 3 33 35355 5 362 36 %96 3 %
4?0 REM select

:éi EE?N***********************
date 8=nel ié;rbey FoeeRy Denew
latitude"

485 FRINT "o "

4?0 FAUSE O: LET b$= INEKEY$ N
500 B0 TO (b$="1") %180+ (b oy
*:19+(b$=”5“)*130+(b$=“d“)*b0L
glo COFY : GO TO 490 )
S}? REM %55 3 5 5% % 5 30 35 3 5 3 3 32 3 % % %
:EU REM decimal hrs=hr mn
:E% REM K eI KKK KK He KN KK KN AN
230 FRINT INT Hi"h"s INT ((H;
INT H)*60+.5)5"m ": RETURN
Q900 REM K H WKWK KR K KN NN
9990 BAVE "starpoint" LINE i

L=new
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Star Tracker

This program expands the previous Star Point program and, using the full
Spectrum screen with colour, PLOTsastar or planetona representation of
the sky over a 24-hour period. It includes DATA on twenty selected bright
stars fairly evenly distributed over the star sphere. This considerably eases
thetaskoffhuﬁngsuchinfonnaﬁon.(Theprogranldoeshavetheopﬁon
of omitting this DATA, perhaps for inclusion at a later date. This
effectively reduces the listing by one third. Do so by omitting Line 125 and

all lines from 1000 onwards.)

Figure 2.5

The daily track of the star Vega across the skies of Reykjavik plotted at hourly intervals. The

short bar marks the start and finish of the plot at midnight GMT.

—

24hemnm Z2ham 2680
zenith Loc.time GST 2z
S
Ta
52 T
39

1e
=10 hOoCciZOn

yega
L—Q@ nadir

Ae-ne--+48 -——S€-——45——SW——+¥——NW--N

RA=18.36 D c=+3%9
231 -8-84 tat=+684.7

_J
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Figure 2.6
From Perth (Australia),

Vega :
8a only appears briefly above the northern horizon Figure 2.8
' From Nairobi, Vega circles the northern horizon in an anticlockwise direction.

N

34

use the Planetary Ephemeris program in Chapter 6 to find its locations for
the selected date.

( - . 24 h om —
Zenith toc.time gegem 519 1 \ (
92 2 GSY azx att » 2410 22hran 314 23
70 g%nlthlLOCntlmt =57 az alt
S )
3 sQ
i@ . e -
N--ne-—ie . 28 -
- t€——se-— - . .
10 horizaon *S --SW-—tw-—nW--n ! 18 - '
- . 2 neé-——t+e-——sE-—45——SW-—+tw-—nE-—0
- . -1® horizon :
-50 -3
AT -58
tega
- s RA= s “ - { —_
90 nadir 21"8-"828“{?,;5\&3::‘"39 i TG e mE Der—eST
& ==-32.1 J k 990&934 5 gz—i’;éﬁ.fg*di—_g;-&i_
- nadir 2188 2t =-B2.
Figure 2.7
Adjacent to the North Pole, V. .
horizon., » V€ga remains at an almost constant altitude above the whole Test examples
; The sample screen COPYs, Figures 2.5, 2.6, 2.7 and 2.8, show one star
- ‘ (Vega) on one particular day (21 August 1984), as PLOTted over a 24-hour
Zenith fgga"t‘ ime gah 2 237 BD ! period for various latitudes. These are:
R &1 ST az ‘ |
att
b +64.7° N around the latitude of Reykjavik, Iceland
sa -32.1°S Perth, Australia
AU ) +89.0° N adjacent to North Pole
39 Tttt s e e =Ll -02.1°S Nairobi, Kenya
no NPUT h
Q--ne——j4e— INPUTting the information
~-1@ ﬁor:Eo_se‘-*'s‘*skl——_}@__nu 3 g f . . .
<on -=n Any one of the 20 stars listed can be selected by simply entering the star
-3e i number as shown in Figure 2.9. It is not necessary to know the star’s coor-
-56 dinates (RA and Dec) on the celestial sphere as these are stored in the pro-
-7e i gram as DATA and used automatically. If the star you are interested in is
Vega } not listed, INPUT 21 and enter the name, RA and Dec when prompted by
-9@ nadir 21 ,gﬂgia - :LBE‘ Dec=+39 ‘ the program. This data is available from any star atlas. If you wish to enter
atl=+39 J i a planet, again use INPUT of 21 but consult an astronomical almanac or
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Figure 2.9
Selecting a star by number. Option 21 allows the INPUT of an alternative star or planet.

\

?
o

Name con R.A. pec
1 Rigelt Ori 25.13 -08&
2 Regulus Leo 186.87 +12
3 Spica Ui 13.24 -11
4 Rldebaran Tau P4 .34 +16
S Betelgeuse Oc1 B5.54 +7
& Mizar’ M 153.23 +5sS
v Polaris UMz B2.07 +85G
S Polilux Gem A7 .44 +28
S Castor Gen O7.33 +32
18 Pleiades Tau B35.46 +24
1i Cor Caroli cun 12.55 +38
12 Altair Aql 19.49 +09
13 vegsa Lyr 18.36 +39
i4 Deneb Cug 20.41 45
15 Procyon CHi @7 .58 +15
18 Sirius CMy 26.44 -7
12 Carpeltia Rur B85.15 +46
i3 RArcturus Boco 14.15 +19
19 Antares Sco 16.28 -26
23 Mira Cet d2.18 -@3
\\?1 TE?T (your starl TTL.?T T2

Any date can be INPUT, but for the stars, which are considered to be
fixed to the celestial sphere, you need not worry about the year, as they tend
to repeat the same display on the same day each year: and so they repeat
themselves for the start and finish of the PLOT routine on the same day
each year. This is not the case with the planets, which are the wanderers of
the sky.

The screen display

A Mercators projection is used to represent the sky and some distortion is
inevitable in converting a spherical surface to the flat TV display. (You
may recall how large Greenland and Antartica appeared on school maps
using this projection.)

The zenith at +90° (the point immediately above the observer’s head)
and the nadir at — 90° (the point below his feet) become imaginary lines at
the top and bottom of the display. The encircling 360° of the horizon at 0°
altitude is marked N, E, S, W and back again to N through the middle of
the screen, dividing the sky from the ground below.

The star or planet is PLOTted at hourly intervals using INK 9 (as a
contrast to the PAPER colour tone) and so is visible even when below the
observer’s horizon. This interval can be amended to any value by changing
the STEP (set at 1 — for one hour — in this program) in Line 320.
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Distant shores o

Unless you have resided in the opposing hem1si)h§re fzr;dda.re t;ﬁ?;lll)lfgg\rw;t:l
i i tar as accurately depicted In

the night sky, the motion of a s : o sl

i f a surprise. For example, a star li .
may come as something o rise. For exa ar like Veea o
i kwise direction in the northern p

move from east to west in a cloc . h ere
i i ise direction in the southern hemisphere. From

but in an anticlockwise direction in : .

equatar, stars may rise vertically to the zenith from the eastern horizon and

t is a line and not a point remember) across the screen

appear to ‘jump’ (i uise from left to

and set in the west. At the north polg a.ll stars an'd planetscr oIt o
right parallel to the horizon, never rising or.settl.ng. The sam}eltat%;)left e
south pole but the motion isin the reverse direction fromrig N hori.zon °
that refuse to rise at the north pole are permanently above the
le and vice versa. '
thi\sl(l)li;};sioef fects can be demonstrateq w.ith this prc:gram. fA ste;;etltlsz
never sets at a given latitude is said to be ‘-cucur‘npolar al?d o.dc;c;uht e
Sun (which is the nearest star) is so placed in tl}e 1and’oft emi Tist Ny
at certain latitudes (+ or —) during that hemisphere’s summer. !
G REM 39 %% K MM I NN KKK R

1(i) REM Star Tracker

11 REM 3636 KK K KK KKK R

=0 RESTORE : DATA 0,146,146, 124,

1h, 1&,0,124 FOR f=0 TO 7= R‘E.ﬂ:[?
d: FOKE USR CHR$ 144+f,d: NEXT

‘F - ey
40 FOEE 23609, 1005 DIM =z (ZE2*1

(:.\ ) i : "
=50 PRINT "Enter the following

L0 INFUT "Date vyyy.mm,dd"s TA

,,,,,

B SiYs TAR 1OiMM: TAB ,EED{ IE ™
M=1% OR DoO OR D21 THEN GO ro
&HO

6T REM 5355585 HH KK R R HRXHHAK
70 REM  JulianDy/Sidereal Time
TR R KK R K K 3 e I I K
B0 CLS ¢ LET YY=Y: LET M=MM
GO IF M2 THEN  LET M=M+1l: GO
TO 110 B .
100 LET Y=Y-1: LET M=ﬂ+lg )
10 LET J= INT (3465.28%Y)+ INT
HOOT*M)Y +D+ 1720585 L
LET B=6.63627+6.370982E~2%(
pA4E1 44 LET ¢ INT (G/24)
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125 GO TO 1000: REM *starlist*

120 INFUT "Star/planet name'",A%
: IF LEN A%$>10 THEN FRINT £03
FLASH 1i"Too Big!": FAUSE 100: G
0O TO 130

140 INFUT "Right Asn(hh.mm)": T
AR 10:iRA

150 INFUT "Declination("i CHR$
1445 "dd.d)"s TAR 125 LINE D%

195 IF Ds(1) < "+" AND D$(1)
oMt THEN GO TO 1350

160 LET DC= VAL D%

170 IF ABRS DCxB?.9 THEN GO TO

150

180 INFUT "Your Latitude("i CHR
$ 144:"11.1)"5 TAE 14: LINE L%

185 IF L$(1) <= "+" AND L#(1)

= U= THEN GO TO 180

190 LET L= VAL L$

200 IF ABRS L:89.9 THEN GO TO
180

209 REM 9% % 3% %% 3% 3% 9 %5 % 3 % 3 3% 9 3 ¥ 3% %
210 REM print sky projection
D11 REM 3555 % % % % 3 0 5 3 5 36 3 356 X% %
220 BORDER O: FAFER 13 INMK 9@ C

LS

2Z0 FPRINT AT 1,08i"zenith locti
me GS5T az +» alt™ 0"

240 FRINT FAFER 4% AT 11,05z
FOR n=1 TO 20 STEF 2Z: FAFER 4
ND n*10

250 FRINT AT n+1,05100-n*10
260 NEXT n

270 FRINT AT 11,08"n——ne—-—+e——
se——+5-—sW——+W——nNw——N—10 horizon
280 FRINT FAFER S8 AT 19,35A%;
" RA="iRA:" Dec="iD%$

290 FRINT "-90 nadir "iDs"/"iM
Ma“/7"sYYs" lat="ilLs$: FAFER 1
FZOO LET c=360: LET r=180/ FI :
LET LR=1/r: LET $=100/60: LET DR
=dc/r: LET RH= INT RA+(RA- INT r
a)/f

$:
A

09
310
=11

ZE20

.01, 4

EEO
TN
Z50
ZHO
269
=TO
71
ZBO

90

NoLLR-+

400
410

NLR*

420
429
4730
471
440
SUR

=GT:
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[REM %% 39 3 % 3 3 3353 3 K 330 5% % %
REM main®timer®loop T=hrs
FRESIME 36 3 366 36 36 % 36 3636 3 3 % % 3 % 3 3 %% % ¥
FOR T=0 TO 24 STEF 1: BEEF
O
LET, S=T+TS5+T/14Z%26%4
IF 524 THEN LET S=5-24
IF S< O THEN LET S=5+24
LET 8T= INT (5%100) /100
R 9836 30 3 36 96 3636 36 936 3 5 36 6 96 36 3 % %
REM calc azimuth,altitude
UM 96 3 3 36 36 36 36 3 3 3 3 K 3 K % K3 2% % %
LET HR=((5-RH)*135) /R
LET AL=R* ASN ( SIN DR* SI
COS DR¥ COS5 LR* COS5 HR)
LET AR=AL/R: LET V= SIN HR
LET AaZ=R* ACS (( SIN DR- S5I
SIN AR) /7 ( COS LR* COS AR))
IF V=0 THEN LET AZ=C-AZ
FREIM 3636 3 36 3636 3 3 3 36 3 36 3 36 3 3 3 6 3 2 % %
REM plot startrack on sky
FRELM 30 0 3630 36 3 36 36 36 36 36 36 36 36 36 36 3
FRINT AT 0,735: LET H=T: GO
S50 FRINT AT 0,155: LET H
GO BSUER S5E0
FRINT AT 0,225 INT AZi CHR

% 13205 TAR 273 INT AL: CHR$ 1303

4350

*4: F

4460
469
470
471
480
date
latit
490

LET  Z=AZ/5.7%4: LET A=AL/S
LOT Z,A+84: NEXT T

DRAW  FLASH 1:1,0

FREM 25 5% % 5 3 % 3 6 36 5 %36 % 5 %% % % % % % %
REM beep % select option

FREM %% % 3% % % % % % 5 5 % 5% % % % %% % %% %%
FRINT £13i"Fey C=copy D=new

S=new star L=new

ude"

FOR mn=.1 TO S STEF .1: BEEF

n/100,n*10: NEXT n: FAUSE O

500

Y ="

¢ TNE
"y %G5O0

310

FOFE 22697%,36: GO TO ( INKE
1"y #1800+ INFEY$ ="c")*310+
EY$ ="s")*1000+( INKEY$ ="d

COFY @ GO TO 490
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519 REM  %%% %% %% %% %% % % % %% % %% %% %%
520 REM decimal hrs=hr mn
S21 REM %% %3 %% 5% % % % % 0 % % % % % %% % ¥ %%
530 FRINT INT Hi"h"s INT ((H-
INT HI*60+.5)35"m " RETURN

QDD FUSIM 3555 3 322 92K M2 K I3 KK A K
1000 REM starlist

TOOL REM %% % % 55 9 % 3356 % % 3 33X 6o 2 X
1010 CLS @ RESTORE Z0oo0o: GO TO 2
100

LOLA REM 3% 3% %355 % 3% % 5 5 6 %% % 3 33K K X % %
1015 REM *input star no

1016 REM 9% % 3 %55 % 3% % % XK % % 5 365 59 K 3 3%
1020 INFUT "select star by numbe
roVit: IF t<1 OR t>21 THEN GO T
0 1020

1020 IF t=21 THEN GO TO 130
1040 LET as=k$(t): LET RA= VAL r
$(t): LET d#=t%(t): LET DC= VAL
d$ (2 TO )z IF d$s(l)="-" THEN LE
T DC=-DC

1050 G0 TO 180

1999 REM %33 5% 3 3 3 3 % % 3 3 3% % % 3 %5 X % % %
2000 REM star names

2001 REM %% %5 5% % 5% 9 5% 5 % % 3 5 3 3% 3% % %%
2010 DATA "Rigel", "Regulus'","Spi
ca","Aldebaran", "Betelgeuse", "Mi
zar","Folaris", "Follux","Castor"
2020 DATA "Fleiades", "Cor Caroli
"y"Altair", "Vega", "Deneb", "Frocy
on","Sirius","Capella", "Arcturus
"L "Antares", "Mira"

ZOR24 REM 9555 %35 5 3 % % %% % 3 % 5 % % % % % %
2025 REM constellations

2026 REM %3333 3 % % 3 56 % % 3% 3 3% 5 % % % % % % %
20Z0 DATA "Ori","Leo","Vir","Tau
"yM"Orit,"uUMI T, "UML Y, "Gem" , "Gem"
2040 DATA "Tau","CVYn","Agl","Lyr
"y "Cyg","CMi","CMi","Aur", "Eoo",
"Sco", "Cet"

2044 REM %3 3% %33 % % 35 3 3% 56 % % % XX %%
2045 REM RA % Dec of stars
POAGE REM %5555 3% 69222355 KW W3 KX

Chapter 2 Spheres within Spheres

2050 DATA "O5. 13", "—08", "10.07",
”+1:;:”’ ”1«-_.;"24“’ ”'-11"3 ll(:)4.34ll! l|+16

u.| ““:55..54“. n_‘_7||’ nl:.:.:. —:r‘“y Mg e

-t ot

2060 DATA "OZ. 07", "+89","07. 44",

||_+_4':'.E;u "y " ' o Tmea . gy 46“ Y ||+"?4
s L] ' L om L et Al " o et W 5 o

" . " l:" 55:1 Y u_.".""_-)n . " 1(]—,- 4_(;}\11 . u+(:)(;\n

2070 DATA "18.36", "+I9", "20.41",

He4EN QT EAY, 05T, T06, 44", =17

II" I'(::~;n15”,,”4—[]‘6“,“14.15”5“—"'19"’”1
é. ” nill II__":"IC‘DH II(“)’:’ 1R|I . “-—.(“)'?;”

" - 9 e L] - e W - L b? *enet
TOEG REM %% %% % %% %KX X R KKK EH
2090 REM list stars

TOG T REM %% 5% % %% % %% % 5% % %% % K %X H
2100 DIM E$(20,11): DIM es(Z0,4)
s DIM r$ (20,6 DIM t%(20,3)
210% FRINT  FAFER S8 "No Name

Con KA. Dec "
2110 FOR f£=1 TO 20: READ k${(f):
FRINT (" " AND F<10)3+3" "§$k$ ()
: NEXT f
2120 FOR =1 TO 203 READ e$(f):
FRINT AT f,1&6ie$(+): NEXT f
21720 FOR £=1 TO 20: READ r$(f).t
®(fr: FRINT AT £,225r$(f)its (£)
: NEXT f
2140 PRINT FAFER &i"21 2777 (yo
ur star? EEREIE
2150 60 TO 1020
DOOO REM %% 55 % 5 35K %% % % X% %X 5% % ¥
PRFO SAVE "startrack" LINE 1

41




CHAPTER 3
The Moon

The lifegiving Sun gets a raw deal in the public eye and the reason is not too
difficult to find — the weather. The Sun completely dominates the scene
and man has absolutely no control over these events.

In contrast the Moon has no such public relations problems. It is prob-
ably the first object in the sky to set a young mind wondering — ‘What is
it?” — ‘Where is it?’. For many the Moon is the embodiment of all that is
mysterious and strange beyond the cosy confines of home and yet it is just
the stepping stone to the exploration of a beautiful universe. Evenif we can
never visit these places in person we can learn to understand them and
perhaps view them aided with modest binoculars or a small telescope. The
Moon is a perfect starting point.

The Moon’s Phases

The Moon s our nearest neighbour in space and the only world (apart from
Earth) that man has set foot upon — during the late 1960s with the Apollo
missions. The program that follows is one of the shortest in this book but
the Spectrum graphics more than compensate for its brevity. The complete
phases of the Moon from new moon to full moon and back again (via a
shrinking crescent) to new moon are shown, covering one monthly cycle.
Figures 3.1 and 3.2 are typical examples.

The Moon’s appearance

Artists are renowned for including the crescent moon in their works and
invariably getting its appearance completely wrong! The phases of the
Moon are measured from new moon to the next new moon, and in reality
the Moon is invisible at this stage due to its apparent proximity to the Sun.
The only true new moon that can be seen is when it passes directly in front
of the Sun during an eclipse of the Sun, so that the Moon’s silhouette is
revealed.

The commonly ascribed new moon is when the crescent first becomes
evident, about two days later, in a bright western sky as a letter C back-
wards. The crescent grows in the days that follow, becoming brighter as
more of the lunar surface is illuminated as it moves to the left away from
the western skyline.
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Figure 3.1
The Moon one day old.
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Figure 3.2
Gibbous Moon after ‘Full’.
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Chapter3 The Moon

About fourteen days later the Moon appears as a very bright circular disc
due south at midnight — full moon. It is now directly opposite to the Sun
(hidden below the northern horizon). Continuing to move to the left
amongst the starry background, its phase diminishes until fourteen days
later it is lost in the bright dawn sky having shrunk to a fine crescent again
— this time like a true letter C (ie not reversed). Astronomers find it conve-
nient to.regard the crescent phase as a bow — an arrow shot from it would
pierce the Sun. Artists please note!

The program

The program uses a simple FOR/NEXT d loop to DRAW the two arcs
which represent each phase. Line 80 first PLOTSs a reference point on
which to start the DRAWing and then DRAWs the bright ‘limb’ or edge,
that is nearest to the Sun’s direction. Line 70 uses a conditional PRINT
statement to identify this limb with the word ‘sunward’. Line 110 then
DRAWSs the ‘terminator’ or sunrise/sunset line on the Moon’s surface.

Because the Moon is a near-perfect spherical globe, the limb is DRAWn
with the value PI (via the variable P in Line 40) as a semicircle. Line 50
renders this value as negative after the fourteenth day (full moon) so that
this initial arc is DRAWn on the left of the screen instead of on the right,
and in the opposite curvature. The formula in Line 110 controls the termi-
nator line from semicircular (new or full moon) to a straight line (first or
last quarter moon). Lines 90 and 100 ensure the terminator arcis DRAWn
with a positive (to right) or negative (to left) curvature.

The Moon is effectively a globe and, although the terminator line
advances at about 13° each day (28 days x 12.86° =360°) as seen from
Earth, foreshortening occurs so that the daily motion of this line is not
constant. It appears to advance more rapidly about the time of first or last
quarter moon whilst in the centre of the disc. About new or full moon the
terminator is seen at such acute angles that the actual movement is much
compressed — to the point where the precise occasion of full moon can be
misjudged by at least a day or so.

This program mimics this effect solely by the formula in Line 110. Asan
experiment, try amending the variable x in Line 30 and the value in the
formula (the last part of the expression), ie 25.

The program is intended to indicate the varying phases of the Moon and
no particular accuracy is claimed for the precise shape of the terminator
line or for the timing interval of the monthly cycle. These two aspects are
unrelated and are explained below.

The true profile of the terminator line is an ellipse but the Spectrum’s
DRAW command is used instead (where the third part of the expression
produces the curvature) to ensure rapid results. The errors produced by the
arc when compared with the ellipse are not excessive. The major part of the
error, such as it is, occurs adjacent to the polar regions of the DRAWing
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from a latitude of about 60° to 75° and then only for a few days about first
or last quarter moon. This compromise was deemed acceptable.

The FOR/NEXT d loop in Line 40 accounts for a 28-day period to
represent the monthly cycle of phases. This period is precisely divisible by
four, so that each quarter moon is displayed. In reality the Moon’s ‘mean
synodic period’ (average from new moon to new moon) is 29d 12h 44m or
about 29.53 days, which means that the program RUNs about 5% fast on
the real thing.

ZX Spectrum Astronomy

QM % R R K N K K IS NN KK
10 REM Moon's Fhase

11 REM 3% 3% %% 3% 5% 3 % 3 3% % 5 % % 3 3% 36 %% %%
A0 LET X=2.59: LET R= FI /180
40 FOR D=0 TO 28: LET F= FI

50 CLS @ IF D=14 THEN LET F=-—

6O FRINT "Moon™s Fhase-day "iD

70 FRINT AT 12,28-(25 AND D>1
4) 5" sunward"

8O FLOT 128,10: DRAW O, 120,F

20 LLET B=D-7

100 IF B:>7 THEN LET B=E-14

110 DRAW ©,—=130, X% ATN (R*BE*25)

120 FAUSE S50: NEXT D: STOF
GROO REM 5% % 53536 X3 %K% 3 XX XK H K XX
2990 SAVE "phasaM"

Phases of the Moon — in orbit

This program is based upén the previous Moon’s Phases program but
extended to PLOT both Earth and Moon in orbit about each other and to
provide a full description of each phase. The latter is done via the condi-
tional PRINT statement in Line 290. Line 310 handles conditions of
potential eclipses and Line 320 the terminator line of the waxing and
waning Moon. REM statements are liberally included to show the general
structure of the program.

The Earth/Moon system

The Moon is quite the most unique body in the solar system in possessing
the largest mass in relationship to the body it orbits (the Earth).

The mass of a satellite is typically between 1/1,000,000th and
1/4000th that of the primary. The Moon is 1/80th the mass of the Earth
so that the Earth and Moon behave like a. twin planetary system, each
orbiting about the other around the common centre of gravity. This latter
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point is not at the centre of the planet (as it is for all other planets) but about
half way to the planet’s centre some 2000 miles beneath the surface on a line
joining the centres of each body.

The program mimics this effect but for clarity the diameters of both the
Earth and Moon have been enlarged 100-fold. Otherwise, to true scale on
the Spectrum screen, they would be reduced to a few pixels across and
would be virtually invisible. A single flickering pixel beneath the Earth’s
surface marks the centre of gravity of the Earth/Moon system and is
produced by Line 250 with the OVER 1 command.

Shadows and eclipses

The shadows from both the Earth and the Moon are cones stretching away
from the direction of the Sun. In the case of the Moon, this shadow can (at
times of new moon) just fall on the Earth’s surface. An observer located
immediately under this cone would see the Sun completely blotted out in a
total eclipse and day turn into night with the stars coming into view. This
event is rare and short-lived — it is barely more than a few minutes before
the Earth’s axial rotation and the Moon’s orbital progress carry the
shadow away at about 1400 mph. Only Concorde can (and has done so)
keep up with the eclipse shadow stretching the event into 40 minutes or so
whilst a whole continent is traversed.

Eclipses of the Moon occur when the Earth’s shadow falls on the Moon.
This can only occur at full moon and, because the Earth’s shadow is so
huge even at a range of 384,000 km (Moon’s mean distance), the Moon can
be completely engulfed. Potentially, given clear skies, half the world’s
population (in the hemisphere which would be in darkness) could see this
event, in contrast to the few privileged thousands for a total eclipse of the
Sun.

Eclipses do not occur at each new and full moon because the Moon and
its orbit are more closely bound to the Sun than to the Earth. Only when the
Moon crosses the line between Earth and Sun (the ecliptic) at a point called
the ‘node’ can an eclipse occur.

The program

Once the program has been entered and RUN, a complete monthly cycle is
displayed. The user then has the option to INPUT any day or decimal day
for display. The economical conditional GOTO in Line 470 automatically
reRUNS the program (ie GOTO 0) if aday < 0 or > 28 is entered. COPYs of
the screen display can be made at any time during the program RUN as
follows:

BREAK : COPY : CONTINUE
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Figure 3.3 is a screen COPY obtained this way.

i 33 N
;Lgl;:r:isplay shows Moon’s phases, and Earth and Moon orbiting around acommon centre of
gravity.

/k;gon's Phase~-day 4
Crescent MMoon
waxing-sunrise
1or
b Hooen ‘s orbit
w{: > \\\

\n
JiJ/f/ T~ g

k suntight ¢ ¢ ¢ 7 7 ¢ ¢ 1)

The program RUNSs in blissful silence but, if this proves unnerving, then
the appropriate BEEPs (as well as colour) can be incorporated in the

display.
G REM %% 5% %5350 % % 3 %K XK KX XXX
10 REM Phases of the Moon
11 REM ¥¥%¥¥%%%X%X XXX FXHXXXKXRX
15 BORDER 7: FAFER 7: INE 9: C
L5 ‘ B _
20 LET 6=1922: LET H=6%: LET_JT
55 LET KE=5Z: LET M=100: LET Z=0
PG REM 3% % %5 3 % 5 K3 K3 3K NN KKK
0 REM mainloop
Tl REM %9 % 3 % 3 3 K K I KKK
40 FOR D=0 TO 28
49 REM 3% %% %% 9% 5 3 % % K 3 3% % KK K% %K
50 REM draw moon"s orbit
] REM 3% 5355 9 5 3 3 3 % K 3 3 3 3K XA KKK
60 CLS @ CIRCLE G.H,.J
LG REM 3% % %% 3% % % 5 5K K3 K 3 3 3494 334
70 REM draw moon in orbit
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TLOREM 35553555 5 K3 K 336236 3696 K 3 36 K
HBO LET P= FI @ LET A=(D~7)/14%

GO LET G+d% COS
100 LET E=H+J% SIN
110 CIRCLE CLE,5.5
L1D REFM %5 %3555 5% 3% 5 %2 5% H e X e
LEQ REM draw earth in orbit
121 REM %%3 %% 5% %5 % % %% 3% % 55 X% ¥ 5%
LZ0 LET Cl=G-46% C0OS A
140 LET El=H-6% SIN A
150 CIRCLE C1,E1, 13
LED REM %% % %5 % %% 5 % 3556 3 % 5 %% % % 5 %%
160 REM draw moon’s shadow
LEL REM %% %5 %5 35 % % 5 % 5 5 3% X3 % %% %
170 FOR N=.5 TO 5
180 FLOT C+N,E: DRAW Oy E~10%N
190 FLOT C-N,E: DRAW Oy B 10O%N
Z200 NEXT M
200G REM 335 56533 36 36 3K 536 36 5 36 34 3% 36
210 REM draw sarth’s shadow
Z2LL REM %555 % 5 3 9 36 96 3 5 % 3 X 36 336 340 3
FOR N=.5. TO 13
FLOT CLl+N,Eil: DRAW O, M—8%N
FLOT Ci-N,El: DRAW O, M~8%N

250 FLOT  OVER 1aiG.H
260 NEXT N
EED REM 3% 545 5 K3 3R 0K H K35 H XX
270 REM describe phases
BT 1 REM 535 % 9% %3 5 5 9% 6 359 % 3 4 3 83 5% e e
280 FPRINT PAFER 53 "Moon®s Fhas
e "i CHR$ 1273" :day "iD
290 FRINT FLASH 13 ("New" AND (
D=0 0OR D=28))+("1lst" AND D=7)+ ("
Last" AND D=21)+(" Guarter" AND
(D=7 0OR D=Z21))+("Full" AND D=14)
+("Crescent” AND (D>0O AND D<7 OR
Dx21 AND D=Z8))+("Gibbous" AND
(D <= 14 AND D=7 AND D<21))+" Mo
on'"

229 REM %% 3% % 33 % 3% 3 3 3 % 55 333 3K %
S00 REM  eclipses % terminator
FOL1 REM 93 %% % %% % 3% % 5 % % % 5 3 363 556 ¥
210 FPRINT  FLASH 13 (¢ "Eclipse o
f Sun possible” AND (D=0 0OR D=28

DD

The Moon

49




ZX Spectrum Astronomy Chapter 3 The Moon

M)+ ("Eclipse of Moon possible" A Figure 3.4
ND D=14)

F20 PRINT ("waxing-sunrise" AND
D14y +("waning-sunset" AND D:x14
Y FRINT "terminator"

ITO OPRINT  INK 23 AT 11,223 "Ear 0 ) :

th"s AT 5,185 INE 1§i"Moon's orbi 0 i ; ;
t "
IEE OPRINT  FAFER 63 AT 21,835 "su
nl 1 g r1 t o ey o o -~ B ]
TED O REM %5 R K KK KWW KN R Eg?m£§L 165 166 167
40 REM draw bright 1limb :
T41 REPM %963 3 % % % 3 5 96 3 3 % % 5% 3K %% %
IS0 IF D14 THEN LET P=-F " % “
60 FLOT J.14: DRAW O, J*2,F ' M 3 127
TED REM %% R ¥ X XK K H WK R H R KK F 1]
3 REM draw terminator ]
R R = G IR R R R R O R ] CHR  1L8 149
80 LET B=D-7: LET X=2.3 i first quarter
90 IF B:7 THEN LET E=BE-14
400 LET N=X%* ATN ( FI /180#-B*2 ; 60
=P = o
410 FLOT J,14: DRAW O,Jd%2,N i 11
419 REPM %% %% %% % %6 % % 56 % 3% %5 X965 3% % é 1]
420 REM  jump out of loop{z=1) |
Q421 REM %% %5 % 363 % 5 % 5 K 5 % 5 %% % 2% XK i CHR3 152 153 154 155
470 IF Z=1 THEN GO TO 450 full moon
440 FAUSE Z00: NEXT Dr LET Z=1
450 INFUT "Select day "iD 48 4 M "
A5G FREM % %% %5 %3 5% % % K % 3 % % %K X 6K %X ¥ 2o o b o
460 REM  conditional goto
AEH1T REM 5 %% 5% %3 5% 5 558 5K K5 3K X% ¥ ¥
70 60 yom=oQ AND Do 2E) %

QOO0 REM 939 3 5% 5% % % % 3 % 3 X% 3 335 K 4% %% [aStquarter

9990 SAVE "moon" LINE 1
9999 REM 10,10,10, 1000

UDG Moon’s Phases

When the changing phases of a moon are needed for display in rapid suc-
cession and a single character square is large enough, it can be useful to use
the UDG character set. Obviously, not every conceivable phase can be
indicated but a sufficient selection can be, at least, to make the effect
convincing.
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The following program, which may be incorporated into a longer pro-
gram as a subroutine (see the Moons of Mars in Chapter 6), is designed for
this purpose. It defines sixteen UDG characters from CHRS$ 144 to CHR$
159 inclusive. The successive phases are from ‘new moon’ (CHR$ 144) to
‘full moon’ (CHR$ 152) and back again to a narrow crescent (CHRS$ 159)
immediately before ‘new moon’ again. Figure 3.4 details each pixel posi-
tion of the complete set.

To redefine all sixteen characters requires POKEing 128 items of
DATA (16 x 8 lines). In this program the DATA contains only 48 values —
sufficient for the first three lines of each character. As the lower section of
each character is a ‘mirror image’ of the upper portion, the program does
the necessary duplication of DATA as shown in Figure 3.5.

Figure 3.5
Final crescent phase — CHRS 159.

DATA DATA FOR/
READ POKE NEXT
loop
line 0 (BIN 00110000) 48 48 } £
line 1 (BIN 01000000) 64 64
line 2 (BIN 10000000) 128 128
line 3 (BIN 10000000) — 128 repeat line 2
line 4 (BIN 10000000) — 128 repeat line 2 | x
line 5 (BIN 10000000) — 128 repeat line 2
line 6 (BIN 01000000) - 64 repeat line 1
line 7 (BIN 00110000) — 48 repeat line 0 }
Program RUN

Enter the complete program and RUN it to see the results of your efforts.
Lines 110 to 220 define the new UDG character and, from Line 1000, there
is a demonstration PRINTing to show the daily changes in the moon’s
phases (see Figure 3.6).

Note that the increasing phase is PRINTed further to the left — away
from the Sun — for each day represented, until the final crescent phase
immediately to the right of the Sun. Full moon is PRINTed at maximum
distance from the Sun in the centre of the display. This correctly mimics the
appearance and movement of all the major moons in the solar system ina
direct or anticlockwise direction as seen from above (to the north) of the
moon’s orbit.
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Figure 3.6
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New graphics

A simple procedure to redesign any characters of this type is as follows:

1

2)

3)

Sketch out the new design on squared paper.

Enter as a direct command in the Spectrum the BIN values, eg

PRINT BIN 00000110 ENTER (decimal v i

alue 6 —line 0)
PRINT BIN 00000111 ENTER (decimal value 7— line 1)
PRINT BIN 00001111 ENTER (decimal value 15 —line 2)

Substitute the new values into the DATA, remembering the first

if;rgee values are for CHR$ 144 and the last three values are for CHR$

29 REM F R KK KR WK N R K KKK NN NN KN
100 REM UDG moons phases
101 REM KK e W KKK KWK N KN WK KN
110 DATA 0,0,0,12,2,1,12,6,3,12
16y 7,12, 14,15, 12,30, 31, 28, 62, 63
D DATA 60,126, 127,40, 126, 255,

A

60, 126, 254, 56, 124, 252, 48, 120, 248
130 DATA 48,112,240,48,94,224, 4
8,96, 192,48, 64, 126 -
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139 REM 33335 35 3 5 5 3 36 3 36 3 33 3 3 3% %%
140 REM poke UDG moons

141 REM %336 335 % % 5 3 36 % 3 3 36 969 K %% % %
150 FOR n=0 TO 15: FOR =0 TO 1
160 READ p

170 FOEE USR CHR$ (144+n)+f,p
180 FOEE USR CHR$ (144+n)+7-f
P

190 NEXT f

200 READ c: FOR %=2 TO 3

210 FOEE USR CHR$ (144+n)+x,cC
220 NEXT x: NEXT n

QT REM %% %% %K% % 3 3 3 3 3 K K3 KK %% %
1000 REM test printing

1001 REM 3335 %% %% 3% 3 36 36 3 3 5 % 6 3 3% K% 3% %
1010 BORDER 1: FAFER 1: INE 6
1020 CLS

1030 PRINT "UDG Moon’s Fhases"
1040 FRINT AT 20,6:"sun"i TAEB =2
Zivsun": AT 2,63% INK Si'"new Lot
ful 1gt new moon "3 INE 4&3'da
XOSO FOR n=0 TO 19: LET z=n+4
1060 FRINT AT Z,23-ni"<."

1070 FPRINT AT z,Zin+1li AT =,7:3"
*Il

1080 FRINT AT z,24:5"*"

1090 FRINT AT z,23-ns FAFER O3
INE 53 CHR$ (144+n): FAUSE 50:_N
EXT n

1100 INKE O: FAFER 7: STOF

QOO REM %% % % %% % % % % %% 36 3 % 3 K %% % %% %
9990 SAVE "udgmoon"

CHAPTER 4
Satellites

The launch of Sputnik I by the USSR in 1957 started the space age and
added a new word to the common vocabulary — satellite. In the astrono-
mical context, this simply means a moon and our Moon (capital M of
course) is the only natural satellite of Earth.

Since Sputnik I, literally thousands of artificial satellites have been sent
into Earth orbit. A few have even been sent to orbit other planets like
Venus, Mars and our Moon. On a clear night it is now rare for some 30
minutes to elapse before a satellite passes overhead on its silent progress
about Earth — a point of light moving quite rapidly on a slight arced course
amongst the stars.

The brighter satellites are usually in lower orbits moving from west to
east across the sky (never in the reverse direction). The satellites in polar
orbits (passing over the north and south pole at each revolution) are usually
fainter and almost perfectly aligned to the Earth’s axis so that their
movement is in a precise north/south or south/north direction.

Launching satellites can cost millions of pounds each so, before apply-
ing for a job at Mission Control, Houston, practise on the simulator pro-
grams to follow!

Earth Orbit

This is a modelling program which enables you to place a satellite in orbit
about the Earth. There are two parameters to INPUT, the initial height of
the satellite above the surface of the Earth and the initial velocity, and so
there are literally thousands of permutations to try, no two being precisely
identical. The orbit is PLOTted in real time and the screen presentation is
automatically rescaled to contain the orbit on the screen.

To ensure that the satellite is of maximum size as it traces around the
Earth, only half the orbit is PLOTted — the second half is a precise mirror
image of the first half and no particular advantage is gained by completing
the orbit. Once the half-orbit is completed, the full orbital period in
minutes, hours and days is displayed at the top right of the screen.
Throughout the PLOTting, at the bottom left is the ‘elapse’ time in
minutes and the relative x and y coordinate positions as PLOTted. Bottom
right shows the initial height and velocity as INPUT.
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Of course successful insertion into orbit is not automatically achieved —
as space scientists well know. A balance between the initial height and
velocity must be made — particularly so for a neat circular orbit.

There is a further problem to consider. Although the satellite will hap-
pily orbit the centre of the Earth (this is the centre of the Earth’s gravi-
tational field) the Earth’s surface sometimes gets in the way and the
satellite crashes. The Spectrum BEEPs a polite warning and awaits further
INPUT instructions.

There is a second possibility of failure — when you have so high aniinitial
velocity that the satellite is lost to outer space. This particular program
does not recognise this condition and will keep rescaling the display, via
line 560 (if . . . YY> 175), each time thesatellite reaches thetop of thescreen,
constantly hoping that the satellite will return towards Earth. In this case
you must BREAK the program and reRUN it. An option to COPY the
screen via the ZX printer is included for your successful orbits.

The Kepler plot

This program PLOTs the orbits according to Kepler’s Laws of Planetary
Motion (which applies to any lesser body orbiting a larger body), with an
elliptical trace and the centre of the Earth as one focus. The satellite speeds
up as it gets close to Earth to compensate for the stronger gravitational
field experienced. With the following INPUTS, it is possible to test that the
program gives reasonably accurate results and is a fair simulation of a body
orbiting Earth.

1) Initial height 200 miles
Initial velocity 286 miles/minute

= Orbital period 88 minutes

This is the minimum period for the lowest satellite, like Sputnik I.

Chapter 4 Satellites

he screen C S (F g S . n . show ty S f om the
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Figure 4.1
This orbit simulates our natural satellite, the Moon.

(Hatr‘ Grbhit plot —Pe€riod=33S424mn

+y

time=19712 min S

. : = tarc

X axis=-232500 mls hgt-240050mL
C dX15=-112F8 mis=s VEL=3Fml-mn )

Figure 4.2
Typical orbit plotted from apogee (point adjacent + x sign).

(HaLf grbitl ptot -—-period

2) Initial height
Initial velocity

= Orbital period

240,250 miles
37 miles/minute

27.37 days (mean sidereal period)

This matches our natural satellite — the Moon.

Test examples

The above INPUTS represent neat circular orbits. More often than not,
however, an ellipse is formed. If the orbit PLOT touches the lefthand side
of the screen the display is not rescaled but left to continue the PLOTting as
amirror image back towards right again to maintain maximum image size.

56

\':J aAaxis=-759 mlils

=545m
=10 .5hr
=0.4Sdays
+y
- : S
: f*\ 3
—-x { : ) T4X
\\i,-'!
tire=0324 min start
X axXxis=-5394 mLiLs
ve L=58eri - mn

hat=2080@m L j

57




Chapter 4 Satellites

ZX Spectrum Astronomy ,

40 LET DN=.68181818: LET 7=1

70 LET G=HW*DN*SE*SE: LET T=0
7D OREM 5% 355 %% 95X 3K KKK
S0 INFUT "Height above Earth i

Figure 4.3
Typical orbit started adjacent to globe (perigee). The orbit is mirrored by lefthand side of

display, plotting towards the right (apogee).

w ; n miles",EH
( v : - ~iod=1426mnN i 70 INFUT " j i
Hatf orbit ptot periv =253.8hr ! ‘.-.."ZI‘—.”“I-_Jr~\~-\1?1DClty AR LS mi
=8 Sodaus i q_h.\F—: IF SF:999 THEN GO TO 90
—— . S FLOREM 55 %5509 35 36 6 K 3 3 333K 36
. 100 LET TM=2/7: LET H=TM

LET W=5F: LET X=EH+SE
LET Y=0: LET V=0
154 REM 335 5 % %0 5360 5358 3 3 3 53 3% % 36
95 REM initial display
156 REM ******************%****
160 FOR N=OQ TO 255 STER 2
170 FLOT  INE S5 140, N~100
180 FLOT  INE SN, 408 NEXT N
—190 FRINT AT 14,058"-x"s AT 14
AOs sty AT A A |
20 FRINT AT 19,245 "start"s TA
S 205 hgt="iEHs "ml "y TAR 205 "vel
="8 INT Wi"ml/mn"
204 REM %% % %% %% %% % %% % ¥ % %X ¥ % % 6 ¥
REM draw sarth
CIRCLE INES 43140,40,%0%Z
REM ****************%******
LET R=X: LET &=Y
LET H4=H/4
LET X=X+H4%V: LET Y=Y-+H4%W
GO SUR 440
LET X=R: [LET Y=t
LET H2=H/2
LET V=V+H2¥E: LET W=W+HZxC
GO SURB 500
FOR T=0 TO 4Eé& STEFR TH
LET X=X+H%*V: LET Y=Y+H*W
GO SUE 440

~x {

time=714 min P start
X axis=-47764 mls “haot=2RGmt
\g axis=—-64 mls ve L=33enl .-

Mission control

As an experiment, try ‘designing’ orbits for the Russian and American
space programs in long range communications. The West has produced
geostationary satellites placed at just sufficient distance from the Earth so
asto have a 24-hour orbital period and to remain fixed above the equator at
a particular longitude. This would appear to be the ideal solution and was
first proposed by Arthur C. Clarke in the 1940s in an article in Wireless
World.

The Russian approach has been, or was in the 1970s, to send craft into
highly elliptical orbits but again of 24-hour orbital periods. As has been
demonstrated, such satellites would be constantly changing their velocity
according to their current distance from Earth and would remain moder-
ately stationary (so as not to need a tracked aerial) for only a few hours per
day, whilst at the point of apogee (the most remote part of the orbit from

3

Earth). Many permutations can be tried on your Spectrum. B e
)- Many p your Sp IF DSE THEN GO TO 90
© REM %% 5 5 MM H RN R REM 335560 200555 K0 3603 2 K
REM satellite crashes

10 REM Earth Orbit

11 REM %5339 % 3 3 396 35 3 9 3 36 36363 3 % %

15 BORDER O: FAFER O: INK 9: C
LS

20 LET SE=7912/2: LET HW=3Z.12

ZEE REM %505 %% 3 % 5 % % % XK %% 3 % 5 3 % %

] F70 FOR m=43 TO -30 STEF —-15:
~EEF‘ LDy n-I08 NEXT n: PRINT INE

FiAT O,08"Velocity too low-CRAS

E' 59
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H in "sti" min"
B0 GO TO 610
TR REM %% %% 5 %3 5 6 % 3 5% % 33 3696 3 3% K %%
90 LET V=aV+H*B: LET W=WrH*C
410 GO SUE S00: NEXT T
440 LET E=X*¥X+Y*Y
450 LET D= S0R Ex LET A=-G/E
470 LET B=A*X/D: LET C=A*Y/D
490 RETURN
4G9 REM 3% 355 %K 3 K A 3 W XK F W KA S K
500 FRINT AT 19,23 "time="3T:"
mir "
510 FRINT "x axis="i INT Xi" ml
520 FRINT "y axis="§ INT Yi" ml

"

[

L REM %% 3% % R R 63 e M He R R N S
530 LET XX=(X/125%Z)+140
540 LET YY=(Y/125%#7)+40
550 IF X<0 AND Y0 THEN GO TO
590
EEA (R 3 3 K R KK KX KK K NN
555 REM rescale to screen size
55 FRET M 96 5 56 3 3 3 3 3 36 3 3 3 3 3 ¥ I F N K
560 IF XX =255 0OR XX<-255 0OR YY:
75 THEN  LET Z=Z/% CLS o FRINT
INE Zi"Rescale'": GO TO 100
SEG REM 358 % %3 % 3 3 33 3 3% 5 3 39N 60X %
570 FLOT  BRIGHT 13 INE &3XX,YY
571 REM #3335 5 % 5% 6 33 5% % % % 3 % 0 R 56 % 3% %
580 RETURN
5920 FOR n=0 T0O .5 STEF .02 BEE
F nsd4,n/S: NEXT n
SG4  REM 3% %5 5% 6 3 3 N 33U KK KK H KRB
5959 REM orbit period % menu
S0 REM #3555 9 3 3 36 5 H % 6 3 0K XN X %
&HOO0 FRINT INE &% AT 0,058 "Hal+f
orbit plot -period="iT*I28"mn"s T
AR 2EZa ="y INT (T/.2)/71005"hr"s
TAER =ty INT (T/.Z/724) /1005 "d

ays"

—

AHLO FRINT £05 INKE D3 "Fress "C7=
COFRY "N'=mext orbit'": FALSBE ©
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620 IF  INEEY$ ="c' THEN COPY

: INFUT "": GO TO &10

&0 RUN

: ] F\‘EM 3 H K R H AN NN WKWK WM KN NN
9990 SAVE "Eorbit" LINE 1

Satellite Orbit

This program is based on the Earth Orbit program, but is extended to cope
with modelling a satellite orbit around any planet, or even our Moon.

In addition to INPUTting the start height and initial velocity of the
satellite, it is necessary to ENTER details of the planet itself, ie the dia-
meter (in kilometres) and relative mass compared to Earth (Earth=1).
This information is included in the initial display (Figure 4.4) but you need
not be confined to it. Various data should be tested including exotic
features like tiny diameters and excessive mass. You should not expect the
program to cope with all permutations, particularly for the ‘massive’
planet. Insufficient computation plus very rapid orbiting may produce
strange results.

Figure 4.4
Sample worlds for a satellite to orbit.

4 I

Name Piam{km) ™Mass {Eacth=17
Sun 1382558 2 2B

Moon S476 B.165
Mercury 4678 B.277

Uenus 12184 @.9282

Earth 12756 i

Mars 6794 8.1%5

Patias =11 «B23

Jupiter 142560 2.69

Satucn 120003 1.319

Uranus =226 2.9%

Neptune <+ 8438 1.22

Pluto So8d - B

OREBIT - Entes the foiiowing dalts

N J

The program recognises if a satellite is in a ‘parabolic’ or ‘hyperbolic’
orbit (open-ended) and thus lost to space. Similarly the Spectrum BEEPs a
warning if the initial injection velocity proves too low and the satellite
crashes on the surface of the planet.

The program specifically recognises one planet (Saturn) and DRAWs in
the encircling ring system if this name is ENTERed in the N$. For the sake
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of clarity, it is advisable to place your satellite outside the Saturnian ring Figure 4.6
system.

The CLS command is not used, except against a new planet, and so

Third time lucky with these orbit attempts around a small mythical world. One satellite is lost
to space, one crashes on the far side of the planet.

multiple orbits can be overlaid upon one another until you are satisfied

with a particular orbit. The information contained at the corners of the

display, starting with the top left, is planet data, orbital period individually

/rHaLf Orbitl plLot-pRrind=119 mn \\
diam=1010 km ztea au
. . . 3 = e I . =.
in minutes, hours and days and, at the bottom of the screen, the elapse time { grav=ixE +u dy
in minutes, x and y relative coordinate positions and the initial height and i *
velocity in kilometres. An option to COPY the screen to the ZX printer is ",‘
included. See Figures 4.5, 4.6 and 4.7 for examples. 3
The program is an excellent way of gaining insight into the behaviour of, L
for example, the moons of Jupiter or Saturn, where a stronger gravi-
tational fi€ld operates than on Earth. —— i
To demonstrate, Jupiter’s moon Io is a similar distance from the centre Ve foem— S
. . . . . R 7 b
of Jupiter as is our Moon from the centre of the Earth. Io orbits Jupiter in PR H
1.8 days and our Moon takes 27.3 days (mean sidereal periods) to orbit the - ! ( \(‘ +X
Earth. Try testing some set examples with data from a text book but do not ’ (-/ Jl
expect any great accuracy as the results should be regarded as informative time=59.5mn initial
rather than precise. X axis=-916kn T hat=1111km
\u axis=-12kKknm ve L=5E@km./mnn J
Figure 4.5
The program recognises ‘Saturn’ and draws a ring system. Unfortunately, this satellite is
launched from within the rings with insufficient velocity and crashes immediately on to the
planet.

Figure 4.7
Strange orbitaround a strange world 26,000 times the density of Earth. This mythical world is
lightweight compared with the star LP 768-500, with a density of 18,000 tons per cubic inch.
Neutron stars and black holes come infinitely heavier!
" ] N\ /Half orbit pPlot-period=1@4Ben
Yeiocity too Low-CRASH in omn . BH =17.46h7
aturn ’ 3 diam=2000Kmn s =8 .72dy
diam=70000 ka : grav=1080xE +4
grav=1xE +y , -::::;"-7
7 -
— -X ‘}_ +X
time =5S24mn initiat
time=0mn itial X axis=-12209km hat=1028k0
X axis=4500QLm hat=3100834¢0 4 axxiz=-S832Kkn ve Ll=25208ka /RN
KU axis=0km velL=200kaan j k j
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G OREM % %% %% 3 % X 365 KK 5 %3 KX KKK TOP Ay AT I, 1AL My

10 REM Satellite Orbit 290 FRINT AT 19,3 "initial"s:
11 REM 3% %% 5% % 3% 3 X K 506363 %% %% %% AT 20,195 "hgt="iHIs"kLm"s AT Z1,1
20 60 SUR 1000: REM data Fitvel="1 INT Wi"km/mn"

D] REM 5% 3% % % % 3 5 % 5 36 % % 3 % %6 % 3% % % TG REM %% R B N WK I KN
=0 LET N$=A% (N) 295 REM draw planst

40 LET E=D(N): LET M=M(N)

S50 IF N<12 THEN GO TO 90

640 INFUT "Flanet™s name "iN$

70 INFUT "Flanet® s diameter (km
Y "ikr IF KX150000 0OR E<500 THEN

GO TO 70

80 INFUT "Flanet's gravity(Ear
th=1.00)"3iM

31 RIEM 3% % %5 % 3 5 33 5 533 36 36 3% 6 3 X % 3

Q0 IF zz=0 THEN CLS

100 LET RD=k/2: LET GV=M*IZ2,12 k

110 LET Z=1: LET CN=60%460/5280 ;

120 LET T=0: LET G=GY*CN*RD*RD

1720 INFUT "Satellite’s height a

FREM %53 336 3 33636 5 % 3 336 % 30X % % %
INE 5

FOR J=0 TO I /72 STEF .1
LET FX= INT ( SIN J*DISE)
LET FY= INT ( C0O5 J*DISE)D
FLOT 140-FX, 40+FY

DRAW O, —FY=2

FLOT 140+FX, 40+FY

DRAW O ~FY*Z2s NEXT J

CIRCLE 140,40,DISE: INE 9
FREM 395 %3 3 3 3 3 3 9 3% % 5 30 3 H 6% % %
REM if satuwrn draw rings
[REDIMD 333 3 3 3 3 36 36 3 X % 3 I 3 K KN A K
IF N$g="Saturn " THEN FOR N

bove "7 (N$):i" (km)"iHI ; =1.5 TO 2.5 STEF .21 CIRCLE 140,
140 INFUT "Satellite’s velocity 40, DISE*N: NEXT N
(km/sec) "sVL ; TR REM 3535 5% 3 % 9 5 % % % % % 3 3 % 59X %%
150 IF zz=1 THEN CLS : LET =zz= : IR0 LET R=X: LET X=X+H/4%V
O 400 LET S=Y: LET Y=Y+H/4%W
160 IF VL=9999 THEN GO TO 140 E 410 GO0 SuUB S80
170 LLET DISE=(RD/125%146)*Z i 420 LET X=R: LET V=VU+H/2x%E
180 IF DISE*40 THEN LET Z=Z1/2: 420 LET Y=5: LET W=W+H/2%C
G0 TO 170 } 440 GO SUB &10
190 IF N$="Saturn " AND DISE*Z. 448 REM %5553 %X % % % % % % 5 %% % % %K% % %%

540 THEN LET Z=Z/2: GO TO 170
200 FRINT  FAFER 45 AT 1,05iN%
210 FRINT INE S:"diam="3E3:"kEm"
"grav="3iM:"xE"

220 LET TM=.125/2: LET H=THM

230 LET W=VL: LET X=HI+RD

240 LET HO=X: LET Y=0: LET V=0
P44 REM %% 3% %% % % 3% % 3 6K % 3 9 33N X% X%
245 REM screen grid

D4E REM %963 3% 3% % 3 3 3 53 X 5 3 9 3% 3K %%
250 FOR N=0O TO 255 STEF 2

260 FLOT 140,N-100

270 FLOT N,40: NEXT N

280 FRINT AT 146,05"-x"5 AT 16,

449 REM main loop

450 FOR T=0 TO 4E4 STEF TM

45T REM 355K 355 3335 2 K 36K 3 W e K K
460 LET X=X+H*YV: LET Y=Y-+H*W
470 GO SUBR 580

74 REM 5553566 X W X W 3 K620 W e NN
475 REM satellte lost/crash
476 REM 5% %% %5550 %KX 63X X% 54 ¥ X%
480 IF X:0 AND Y (2%HQ) THEN F
RINT  FLASH 13 FAFER 23 AT O,03"
Velocity too high-LOST to space
"y GO TO 510

490 IF D:RD THEN GO TO S3C

D00 FRINT  FLASH 1i FAFER 23 AT

Satellites
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0,0:F%: AT 0,0:"Velocity too lo
w—-CRASH in "iTi"mn "
505 FPLOT  FLASH 1iXX,YY
510 FOR N=45 TO -Z0 STEF -135: B
EEF .5,N-30z NEXT N
520 PAUSE S50 FLOT  FLASH Oi XX,
YY: (0 TO 740
S REM 93 R 3 KK M K R A AN R R
=530 LET V=Y+H*B: LET W=W-HH%C
540 FAFER O
550 60 SUR &10
SERG [REM 335K 9 e M NN M K I A K H K
540 NEXT T: REM main loop
Bl REM 3335 3 K R 3 3K M H KW NN
=570 60 TO 130
560 LET E=X*X+YxY: LET D= S0R E
=500 LET A=—G/E: LET B=A*X/D
HOO LET C=A*Y/D: RETURN
610 FRINT AT 19,0:"time="3Ti"m
20 PRINT "« ax="i1 INT Xi"km
L6E0 PRINT "y aw="§ INT Yi"km
L40 LET XX=(X/125%146%2)+140
650 LET YY=(Y/125%16%7) +40
660 IF X<0 AND Y<O THEN GO TO
L£F0
LH70. IF XX=255 OR XX<-255 0OR YY>:
175 THEN LET Z=Z/2: CLS @ FRINT
AT O,0:Fs: AT U.U,”RL"SUQLE‘”'
Z: GO TO 170
HT7G REM 33555 566 e X 3 K KW HH A KR
H80 FLOT XX,YY: REM plot sat
685 RETURN
HEBD REM 35 %5 3 %35 3 3 3 W NN KK R
690 FOR n=0 TO .5 STEF .0Z: BEE
Fn/4,n/S: NEXT n
700 LET HR= INT (T/.3)/100: LET
DY= INT (T/.Z2/24)/100
710 FPRINT  FAFER &3 AT 0,05 "Hal
f orbit plot"periot*”'T*”"”mn”
720 FRINT AT 1,22:58"

" - oM e 1
i A Sl alam

720 PRINT AT 1,22:"="3HR: "hr";
AT 2,22;"="3DY: "dy"

n

"

66

—

Chapter 4

FREF] 3 32 3 35 e 30 e e e e e e e e
7. REM Mmeru
TIoh REM %% %558 % 5% 5% % 6% X5 %% X5 %% %%
740 FRINT £05 INE 9% FAFER 43"z
=COFY:ip=new Flanet:o=new Orbit "
750 FAUSE Or IF INEEY$ ="o" TH
EN  FRINT AT 0,0iF$: GO TO 130
760 IF  INKEY$ ="z" THEN LFRIN
T « CORFY @ GO TO 750

770 RUN
QPG REM %555 5 % 5 3 3 3 33 33 % 36 26 3% % %
1000 REM data store

TOOL REM 3% 59555 395 35 3K 5 336 5 3696 3 % 3%
1005 BORDER O: FAFER O INE 93 C
L.S RESTORE

1010 LET zz=1l: DIM F$(32)

LO1S DIM a$(12,7): DIM d(12): DI
M mC12)

1020 DATA "Moon",3474&,.165

10Z0 DATA "Mercury", 4878, .377
1040 DATA "Venus", 12104, .902
1050 DATA "Earth", 12756, 1.00
10460 DATA “Mar"“ug794,.A7“
1070 DATA "Fallas",S522,.022
1080 DATA "Jupiter", 142800, 2.462
1090 DATA "Saturn", 120000,1.19
1100 DATAH “Uranus”qJDUUH‘HQ’
1110 DATA "Neptune", 48400,1,272
1120 DATA "Fluto",Z000, .2

LTL1ET REM %5555 %3 %5555 395 % 3 % % % % % %%
1122 REM  initial titles/select
T127 REM 35555 %5 %% 5 %5 33 %3 % % %% % X%
1125 FPRINT *° FPAFER &3" Satell
ite Modelling Frogram "°°

1130 FPRINT  FAFER S5 "No Name D
iam(km) Mass (Earth=1)"

1140 FOR N=1 TO 11: READ A$(N),D
(ND) W MOND

1150 PRINT ¢ OAND N=LO) aNg o
1155 PRINT A$(NY i TAR 125DNY: T
AR Z2EiMND

1160 NEXT N" FRINT  FAFER &5"12

"\ g on) -) i L 1y \"\ "

117) PHlNr rERter Planef ro"

Satellites
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1180 INFUT Nz IF N<O OR Nx12 THE

N GO TOD 1180

1200 RETURN
9900 REM [RIVIVEVETEEIE T = T S L L S

9990 SAVE "SatOrb" LINE 1
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CHAPTER 5
Solar System Orbits

Astronomy and orbits go together like strawberries and cream. Banish
orbits and the whole universe as we know it would literally collapse! It is the
perpetual motion of moon about planet, planet about star, star about
galaxy and so on, that gives the universe its form and existence. And we
must not forget that the greatest galaxies in the universe are themselves
composed of the smallest things in creation — electrons in orbit about
atomic nuclei.

Orbits are the embodiment of perpetual motion — a concept that has
fired man’s imagination and remained resolutely beyond his grasping hand
as he apparently seeks something for nothing. Man’s smoothest jet engine
is a very crude mechanism in comparison with the billions of orbits of our
Moon about the Earth — the oily precision of which would make an engi-
neer green with envy. But then nature is not impetuous and of course has
time — more precisely, all the time in the universe — to get it right.

In the final analysis, orbits mean survival: survival for a feeble body
from the gravitational bully in the neighbourhood, eager to swallow up any
candidate that gets too close. The orbit is the fine tightrope that the lesser
body follows to keep its distance and is perfectly balanced by the gravi-
tational pull of the greater body that refuses to release the bondage. In the
case of the Sun, its mass (to which its gravity is proportional) is 1000 times
greater than all the planets and moons put together. They have no choice
but to orbit the Sun, and lesser bodies no choice but to orbit them. The
Spectrum and its graphics makes modelling some of these orbits easy.

Orrery

In 1715 the Earl of Orrery had made for himself the mechanical model of
the solar system that bears his name today. At that time, only the six
planets known from antiquity (Mercury through to Saturn) were included
on his model. Uranus, Neptune and Pluto had yet to be discovered. Each
planet was a globe suspended on a horizontal wire from beneath a central
globe representing the Sun — the length of the wire representing the radius
of the orbit. All this was contained in a superbly crafted cabinet with a
handle to crank the planets into action.
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Figure 5.1
An Orrery for the Earth-like planets.

Orrery @

HMercury -

week 3

1=t point
oGf Aries

Figure 5.2
An Orrery for the gas giant planets.

Qrrery ©
Jupiter — Neptune=95

The program

The following program is a computer version of that device and simulates
the scale and relative movement of the planets about the Sun. The planets
Mercury to Mars and Jupiter to Neptune are included using two separate
scales, which may be selected by INPUT of either 1 or 5.
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Included on the screen is a timer which counts in weeks as the planets
advance along their respective orbits from a common starting line. You
will notice how much slower the progress is for the outer planets which, in
reality, are not subjected to the same high gravitational field as, for
example, Mercury. Two sample COPYS are shown in Figures 5.1 and 5.2

Line 25 contains the DATA for the orbit radii which is DIMensioned and
READ into the a(f) array in Line 50. Variables h and g are the vertical and
horizontal coordinate PLOT positions for the Sun and centre of the orbits.
Lines 60 and 70 PRINT the two options for selection and Line 90
economically overprints the one not selected with the b$ of 24 blank spaces.
The remaining PRINT line serves to title the display that follows without
the need to use the CLS command. Lines 120 to 130 use a FOR/NEXT n
loop to CIRCLE the selected orbits. Note how the value of variable b
affects the FOR/NEXT n loop:

ifb=1thenFORn = 1*1(ie1) TO 1 + 4 (ie 5)
orifb = 5then FORn = 1*5(ie 5) TO 5 + 4 (ie 9)

A similar FOR/NEXT n loop is used in Lines 180 to 240 to CIRCLE the
planets in orbit. The STEP in the FOR/NEXT d loop in Line 150 controls
the length of the program RUN.

The screen display

The display is more effective if shown on a black screen using the direct
command:

BORDER 0: PAPER 0: INK 7: CLS: RUN

The orbits are sufficiently far apart so as not to share the same character
square. Each can be coloured for greater clarity by amending Line 130 to:

CIRCLE INKn— (b AND b=5)+1; g,h,a(n): NEXTn

Q REN % 5% K % R XN N N KN NN
10 FRINT "Orrery"
11 REM %% %% %% %% %% % % 5 % 5% % %X %% %%
25 DATA 19,346,90,76,%,135,24,48
£
20 BRIGHT 1: DIM b#(24)
40 LET h=83: LET g=171
S0 DIM a(9)s FOR £=1 TO 9: REA
D oa(f): NEXT f: RESTORE
S REM 3 %% 3% 5 3 3 36 5 K 3 X A 3 RN XK
60 FRINT "Jupiter — Neptune=5"
70 FRINT "Mercury — Marss=1"
T 1 REM % %% %% %% % 5% % % 3 5% 3% % K % % % %

y
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80 INFUT "select 1 or S",b: IF
b <> 1 AND b <> 5 THEN GO TO B
0

90 FRINT AT b/%5+1,0:b%

100 PRINT AT 10,0i"1st point"’
"of Aries «"i TAR 215"*"

110 PLOT g-S.,h: DRAW -90,0

120 FOR n=1%b TO b+4

130 CIRCLE g.h,a(n): NEXT n

140 FRINT AT 12,2135 {"s m v &
m" AND b=1)+("ej s w n" AND b=
9)

144 REM 333 3% 5% %% 5 % 336K 3 3 36 36 3K X%
145 REM plot planets in orbit
146G REM %% %% % %3 % 3 % 3 255 36 9 33K 6 % % %
150 FOR d=1 TO 400 STEF 50/b
170 FPRINT FLASH 1i AT 8,0:i"wee
Eo"s INT (1+d/350%b™2.7)

180 FOR n=1%b TO b-+4

190 LET v=1/a(n)™1.4%100

200 LET e=d/400%v* FI

210 LET c=g+a(n)* COS e
LET s=h+a(nm)* SIN e
CIRCLE INT c, INT s,1.3
NEXT n: NEXT d: STOF
QOO0 REM %% % 3% % % % 3% % % 5 3 %3 3 %% % %%
9990 SAVE "orrery"

Bode’s Law
In 1772, the German astronomer Johann Bode demonstrated that a simple
mathematical progression — eg 0+4, 3+4, 6+4, 12+4,... — could

explain the average distance of successive planets from the Sun — where
Earth had a value of 10 (6 + 4). At the time, only six planets were known to
exist, not surprisingly, they fitted reasonably well with what came to be
known as ‘Bode’s Law’.

The discovery of Uranus beyond Saturn in 1781 and the minor planet
Ceres, between Mars and Jupiter, in 1801 confirmed the Law by falling
nicely into place. However, the discovery of Neptune in 1846 and Pluto in
1930 did not uphold the Law — Pluto occupying the orbit allocated by
Bode for Neptune as the fallowing short program demonstrates. Perhaps
you can improve on Bode to provide a better explanation?
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The program

The upper half of the screen LISTs and DRAWSs semi-orbital arcs calcu-
lated from the variable ‘bode’ (z+ 4); the lower half the actual values as
READ from DATA. The display is scaled to maximum size for the DRAW
routine where PI = semi-circle, and the program stops with an error mes-
sage (integer out of range) in attempting to DRAW the final arc for Pluto
according to Bode’s Law. Thus Neptune’s actual orbit, in the lower
display, fits the space between Uranus and Neptune as allocated by Bode
and shown in the upper display. Study of the numerical values displayed
confirms this as Figure 5.3 shows.

Figure 5.3
/r Bode ‘s La ‘\
MeErcury 4
UVUenus 7
Earth
Mars 5
Ceres =3
Jupiter jE2
Saturn 100
Uranus 196
Neptunej 588
PlLuto 77
ARctual gist
Mercury &.9
Uenus 7.2
Earth 10
Mars is.2
Ceres 26 .5
Jupiter E2
Saturn 5.4
Uranus 192
Heptune 3071
I8E

Kptutn LA j

Note: This program, in demonstrating Bode’s Law, refers to average dis-
tances from the Sun. Most planetary orbits are not neat circles but slightly
elliptical — highly so in Pluto’s case causing it to overlap Neptune’s orbit.
The program Pluto’s Orbit, later in this chapter, fully explains this
situation.

G REDM 352K KN K KKK KKK
10 REM EBode's Law

11 FREM %3555 %55 5% 5 3 9 % 9 % % 5% % %% %%
20 LET x=185: LET y=88
Z0 LET z=03 DIM a$(3Z2%11)
40 FRINT  FAFER &5a%: FAFER 13
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ak: FLASH 1
50 FRINT AT ©,1:"Bode’s Law"
60 FPRINT AT 11,15"Actual dist

70 FLASH O: FAFER &: INKE 7

g0 FOR n=1 TO 10

90 LET bode=z+4

100 READ p%,a

110 FRINT AT n,0ip$: TAR 8ibod
e

120 FRINT AT n+l1l,0% FAFER 1:ip
$: TAR Bia

129 [REM 3% 3% %% % 3 % 9 % 3 5 3 3 336 36 X % 3% %

120 FLOT x—a/bé.vy

140 DRAW a/%,0, FI

150 FPLOT u—-z/6,vy

160 DRAW =/3,0,— FI

161 REM %%%%%%% %% X% KKK XXX XXX ,¥

170 LET z=z+z

180 IF n=1 THEN LET =z=3

190 NEXT n: STOF

199 REM %% %% %% %% % % 3 %5 % X X% KK KX X
200 DATA "Mercury'",Z.9,"Venus",
7.2, "Earth", 10, "Mars",15.2, "Cere
s",26.5,"Jupiter”, 52, "Saturn", 93
.4, "Uranus", 192, "Neptune", 201, "F
luto", 295
QRO REM %% % %3 3 5 3 % 333 3 6 K %3 XK K%

9990 SAVE "bode"

Kepler’s Orbits

Johannes Kepler, between 1609 and 1618, found that planets, and in fact
all orbiting bodies, follow three laws of planetary motion:

1) The orbit of the planet is an ellipse with the Sun at one focus of that
ellipse.

2) The planet moves in its orbit at such velocity that its radius vector (the
angle as seen from the Sun to any point on the orbit) sweeps out an equal
area in a similar time interval — see Figures 5.4 and §5.5.

3) The orbital period squared is proportional to the mean (average) dis-
tance from the Sun cubed.

The following program demonstrates the first two of Kepler’s Laws of
Planetary Motion by PLOTting elliptical orbits with the spacing between
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the individ.ual PLOT_ppsitions at equal time intervals. The PLOTted pixel
(representing the orbiting planet) is seen to ‘accelerate’ as it passes close to
th; Sunb(the small CIRCLE in the centre of the screen) particularly as the
orbits become more elliptical (higher eccentricit i
me y) against th

INPUT for initial velocity. e ¢ values

These INPUT values are purely arbitrary. Effectively, the higher the
value tl?e more c1fcular the orbit, the lower the value (Figure 5.6) the more
eccc?n'tnc the orbit and the closer the planet passes to the Sun. The first
position PLOTted marks the point of ‘aphelion’, ie the most remote part

t Orblt fl om the Sun h po1 f it
01 he . I € point o the Or b CloSeSt to the Sull 18 Called

Figure 5.4: Kepler’s 1st and 2nd Laws of Planetary Motion
A planet PE (shown in a highly elliptical orbit for clarity) sweeps out an equal area (shaded) in

an equal time interval — its VClOCiI)’ constantly changi i i
ac d to i
. ging according its current distance
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Figure 5.5: Kepler’s 3rd Law of Planetary Motion

Each planet sweeps out an area (shaded) in an equal time interval proportional to the orbit
radius. In this simplified solar system with the orbits equally spaced, P1 covers a complete
qua;ra’nt whilst P2 covers 0.35 of a quadrant (1/y/2°) and P3 covers 0.19 of a quadrant
(1/V3%).

no Vernal

180° equinox

210°

If an INPUT of > 12 is ENTERed then odd things start happening with
the PLOTted results. These have nothing to do with Kepler’s Laws — but
with short-comings of the program. They have, however, been deliberately
left in to demonstrate three effects that can happen to a body in orbit
about, or passing close to, a more massive planet.

An INPUT of 12 will cause rotation of the whole orbit so that the aphe-
lion position (and also the perihelion position although this is not obvious)
moves in a clockwise direction. This effect mimics the orbit rotation of any
planet but even in the case of Mercury, the planet closest to the Sun and
with the highest velocity of all the planets, it is only detectable over hun-
dreds of complete orbits. (See Figure 5.7)
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Figure 5.6
Lower INPUT values produce more elliptical orbits.

(Kepler’s Orbite @ 15

* erenqe,
-

X =997 .574797
K¥?=—B.84938825 4)

Figure 5.7
Rotation of orbit.

4 | )

Kepler s Qrhitse @ 12
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An INPUT of 10 will cause the capture of the body into a smaller and
faster orbit. It is believed that many comets have been captured into
smaller orbits by passing sufficiently close to the massive planet Jupiter
and, to a lesser extent, Saturn. This obviously assumes a third body which
our program does not contain but it remains of interest to demonstrate an

effect. (See Figure 5.8)

Figure 5.8
Capture of larger orbit into a smaller orbit.

Kepler ‘s DOrbits © 10 \

X =—-64 ., 79@4A228.
\ Yy=279.6641346

An INPUT of 7 or less will cause the planet to pass so close to the Sun
that the planet is ejected out of the solar system in what is called a sling-shot
manoeuvre. In reality no planet would be subjected to this indignity — if
such a thing ever occurred it would have been billions of years ago — there
is no place for rebel planets today. However space scientists use this effect
to send spacecraft from one planet to the next in a game of planetary
billiards, poaching a little of the host planet’s gravitational field to
accelerate the craft to high velocities impossible to achieve by rocket power

from Earth.

An explanation

Why does this program produce these effects? Quite simply because the
program does not calculate with sufficient accuracy the position of the
planet when close to the Sun. The minutest error is added to the next
computation producing the effects displayed. The situation is not assisted
by the fact that, at the point of perihelion, the vertical or y coordinates as
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PLOTFed pass from positive to negative values. All in all, a case of using a
potential disadvantage to good effect, even if not good mathematics!

Amending the program

Once the program has been RUN a few times, try amending (one at a time)
some of the variables. The most important variable to change is h, which
controls the STEP intervals in the FOR/NEXT loops to RUN the pro-
gram. If it is made smaller then the orbit will be PLOTted with greater
accuracy, particularly at perihelion position. However it will now PLOT
incredibly slowly whilst the planet is near aphelion. You change the value
— you take your choice.

This particular program is used a number of times elsewhere in this book
— usually with modifications to suit particular purposes.

G OREM 35 30553354 0 3 M e KKK
10 FRINT "Fepler®s Orbits = "3
11 FREM 5506065330 M 0
Z0 O INFUT "velocity (5 to 30) "iw
40 FRINT wr: CIRCLE 128.85,2
90 LET h=.9: LET q=100000@

GO LET w=g/1000: LET y=0
70 LET i=h/4: LET v=0
B8O LET r=ux: LET s=vy
0 LET w=nu+i¥vi LET y=y+i*w
100 GO SUR 200
110 LET w=r: LET y=s: LET o=h/2
120 LET v=v+o¥b: LET w=w+o*c
1770 G0 SUER Z00
140 FOR t=0 TO 400 STEF h
130 LET w=u+h¥vy LET y=y+h¥*w
160 GO0 BUER 200
L70 LET v=v+h#b: LET w=w+h¥*c
180 GO SUR 200z NEXT t: STOF
200 LET e=w#x+y*y: LET d= S0R e
220 LET a=-g/e: LET b=a%x/d
240 LET c=a¥*y/d: RETURN
Z00 FLOT «/10+128,v/10+85
203 FRINT AT 20,05 "sw="5u" y=";
v
10 RETURN
GO0 REM 3955 %333 % 5 3% X K % 3 3 39 3 556 %%
G990 SAVE "kepler"
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Orbit Foci

In the previous program, Kepler’s Orbits, reference is made to the Sun
being at one focus of an elliptical orbit. Where is the second or ‘empty’
focus as it is called?

Quite simply it is at an equal distance measured from the Sun to the
perihelion position (the nearest point in orbit to the Sun) but transferred to
the aphelion position (remotest point in orbit to the Sun). If you have
already keyed in the Kepler’s Orbits program, then the minor modifi-
cations from Line 300 in this program are all that is necessary before RUN-
ning the revision. This version will PLOT the second focus position once a
half-orbit is PLOTted and the position of perihelion is known. Figure 5.9

demonstrates.

Figure5.9
The program plots the second, or empty, focus (f2) of any selected elliptical orbit. The Sun is

at the first focus (f1).

/ I

Orbit Foci @ 2S5
PR T ﬂ--_‘\.
:"' \
Fi r2
c
~ . /f
hY
S -
n_\-_- __,.-"

\_ J

This program is quite important in demonstrating that the Spectrum, via
the program, is PLOTting a true elliptical orbit. There is a simple test to
check results. RUN the program and measure, either on the video screen or
a paper COPY if you have access to the ZX printer, the total distance
around a triangle formed between any point on the orbit and the two foci.
No matter what point you choose on a given orbit the total distance will be
the same.

You are following the same procedure, in reverse, as the gardener who
insists on making perfect oval (ie elliptical) flower beds in a lawn. He uses
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two stakes (representing the two foci) and a loop of string about them
drav.vn taut (representing your triangle) to trace out the shape. Quite
obviously the total length of the string remains constant, as should your
measurements.

GOREIM 39 3 2K 3 e M e e K KN He

10 FRINT "Orbit Foci "3
11 REM 3535 3% 59 3 3333 5 359 636 36 %
ZOCINFUT "velocity (13 — 2Z0) "iw

40 FRINT wi AT 10,15:"F1": IR
CLE 128,85,2
GG REM 535 % %9 955 3 % 383 K 36336356 %3 3%
S0 LET h=.4: LET g=1000000
HO LET u=g/1000: LET y=0
70 LET i=h/4: LET wv=0
80 LET r=x: LET s=y: LET z=0
O LET w=u+i%¥ve LET y=y+i*w
100 G0 SUR 200
L10 LET x=r: LET y=s: LET o=h/2
120 LET wv=v+oxb: LET wswtn¥*c
120 (B0 SUB Z00
140 FOR =0 TO wx7 STEF h
150 LET x=u+h¥*v: LET y=v+h¥*w
160 EO SUER Z00
170 LET v=v+h*b: LET w=w+h*c
180 60O SUR ZQ0: NEXT t: STOF
200 LET e=x#*u+y¥y: LET d= 50FR e
220 LET a=-g/e: LET b=a%ux/d
240 LET c=a*y/d: RETURN
200 PLOT 2/10+128,v/10+85
T4 REM 5555555006 500X 63 XX

:';’-\‘Z.')S REM plot Znd fococus (£2)
TOE REM 395553 5 5 33633656 3 9566 X6 6% % % %
210 IF %<0 AND vy = =50 AND sz

THEN FLOT 228+4+x/10,85: FPRINT
AT 10,(228+x/10)/8—1§”¥ﬁ“

Z20 LET ==y

ZE0Q RETURN

QOO FEM 9% %555 3956335 K 3 53396 K
FPF0O SAVE "foci"

Comet Orbit

This' program is the second variation of Kepler’s Orbits. This time we’re
dealing with highly eccentric orbits which can usually be ascribed to comets
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and meteor streams. It is generally recognised that regular meteor displays
(shooting stars in the Earth’s atmosphere), like the Perseids in August of ’
each year, are the debris from comets, strewn along each comet’s orbit.
The program allows INPUT values from 0.5 (a highly eccentric orbit,
essentially of two parallel lines) to 17 (a full oval) filling the Spectrum
screen (see Figure 5.10). To avoid the erroneous if interesting effects of ’
calculating the cometary position close to the Sun, only half the orbit is
PLOTted. The lower half of the orbit is a mirror image of the upper
portion — Lines 200 and 210 coping with their respective halves. The pro-
gram STOPs when y becomes negative (once the half orbit is computed).

Figure 5.10
Two extremes of cometary orbit in plan view from full oval to highly eccentric as sample

INPUTs.

comet Orbit €& 1S5

s ufn . }
/

Comet Orbit @ @.S

sun Wz sl llllllilieaas
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The program demonstrates very effectively Kepler’s 2nd law of Orbital/
Planetary Motion (see the Kepler’s Orbits program) in the way in which
a comet spends most of its time moving very slowly whilst remote from the
Sun and only bursts into activity at perihelion passage, as it is called.

GOREM % % %K% X XN N W R NN K NN
1o CINT "Comeat Orbit "
L1 REPM %5 %% 55 %% 50 %% %55

INFUT "valw 173" 5w
) FRINT w' Ff perihelio
I o aphelion"
40 FRINT AT 11,03 "sun": CIRCL
E 40,83, 1 '

A5 REM 33 5 35 % 5 3336 36 30 5 ¥ 3 3 6 333 %

S0 LET h=.2: LET g=leé&

60 LET w=g/leZ: LET y=0

70 LET di=h/4: LET v=0

80 LET r=u: LET s=yi LET z=0
POLET s=ua4i%v: LET ‘==v+i*w-
100 GO SUE 140 o

108 REM 355 555 5K 22 39 33633 362 3%
110 FOR t=0 TO 200

120 LET dHh®ve LET y=v+h¥w
120 60 SUE 160 '

lﬂO LET v=v+h*b: LET w=w+h¥c
130 G0 SUR 190: NEXT t: STOF
160 LET e=x¥x+y%y: LET d= SOR e
170 LET =a /e LET b=as#x/d

180 LET c=a%y/d: RETURN

190 IF y<0 THEN STOF

129 REM %% % %% %% %5 % K96 % 3% 3% 50 X% %

200 FLOT 40+x/5, v/5+83

210 FLOT 40+3/5, ~y/5+83

211 REM 336 % %5 %9 % 3 3 3 35 % 36 K 3 3% 3 % 3% ¥

RETURN

e

QRO FEM 353353 36 3336368 3 3696 3 3 3 K 3 ¥ 0 3
IR0 BAVE "comorbit"

Halley’s Comet

Ha.ll'ey’s Comet is without doubt the most famous comet of all time and, as
avisit to our part of the solar system is due shortl ’

. . ,aprogram
Inappropriate. apros wouldnotbe
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1066 and all that

Edmund Halley (1656 — 1742) did not discover this comet but was the first
to notice that the bright comets seen in 1531, 1607 and 1682 had practically
identical orbital data and were one and the same object reappearing in the
skies about every 75 years.

Halley’s Comet can now be traced back to 611 BC, via Chinese records,
but perhaps the most famous reference of all in European history is its
depiction in the Bayeux Tapestry of 1066 with the inscription of ‘INTIMI-
RANT STELLA’. Everyreturn of the Comet since King Harold’s reign has
been recorded and this is most unusual as the longevity of comets is
measured in hundreds rather than thousands of years. This indicates that
Halley’s Comet is a substantial body able to survive repeated visits to the
inner solar system and the relatively great heat radiated upon it from the
Sun.

You should be asking the question: How do comets survive repeated
crossings of all the planets without collison? Well, comets (or rather, the
survivors after over 5000 million years) have learned to avoid the orbital
plane which all planets occupy with highly-inclined orbits. The comet
crosses this danger zone for only a few days each perihelion passage.

The program

The program depicts one complete orbit of Halley’s Comet beginning in
1948 — the year the Comet started its current journey towards both Earth
and Sun from beyond the orbit of Neptune. The Comet will return to this
aphelion position again in about 2023. The perihelion passage occurs on
10th February 1986 and the program PAUSEs briefly at this point. (See
Figure 5.11.) During mid-November 1985 the comet is a binocular object
below the Pleiades. )

This program is a variation of the Comet Orbit program, but uses one
specific orbit produced by the line LET w = 4.5. Again, only one half of
the orbit is computed and PLOTted — the inward journey — but each x
and y coordinate position is entered into two arrays, x(t) and y(t). These are
then used in a second FOR/NEXT loop to PLOT the Comet’s journey
back into deep space.

It is necessary to add PAUSE 10 to this second FOR/NEXT loop to
slow the PLOTting down to the same speed as the first loop. This indicates
the rapidity with which the Spectrum can PLOT pixel positions once the
actual position has been computed and SAVEd in an array. Try pressing
any key to cancel the PAUSE statement to see what happens.

Screen display

At the top of the screen is denoted the current year against the Comet’s
progress — the Comet itself is PLOTted in a different coloured pixel for

84

Chapter5  Solar System Orbits

the inward and outward i i i
Journeys (for clarit i i
black screen (BORDER 0: PAPER 0: INKn9))’.) e erse graphics on a

Figure 5.11

The path of Halley’s comet - i

Febroany 1980 over a 75-year period. Closest approach to the Sun occurs in
Halley’'s Comet Year=2aoz2

o

FEEDIMT 530 36 30 2 60 2 e 2 ¥ %

=M Halley's Comet

EREE R R T R R R vy
DER ©: FAFER 01 INK 7: ©
FAFER 5: INE . )

FRINT " Hall ey's Comet
Yk "iOFLASH 1y om
FEFER 1
SCJ FRINT AT 11,15 "Sun"
20 FLOT 40,80: G0 SUB 90

70 FAFER 5

75 REM
ir REM FEH R WK KN H KR NN
B0 LET w=4,5 '
;‘(‘ DIM =170 DIM v i170)

1 (.)f:! LET h=.212: LET g=leb

10 LET w=g/lel: LET y=0

120 LET i=h/4: LET V()
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130 LET r=x: LET s=y: LET‘z:O
140 LET w=u+i%v: LET y=y+il¥w
150 G0 SUR 2Z0

154 REM %% %53 %% %% %K K3 3 XK 5 XK K XK
155 REM main loop

156 REM %% % %35 %55 X K 3 3 %6 H X X K%
160 FOR t=1 TO 170

170 LET yr=1948+ INT (t/4.35)
180 FRINT AT 0,Z26iyr

190 LET w=u+h*v: LET y=y+h¥*w
200 60 SUR ZIO0

210 LET v=v+h*b: LET w=wth¥o
2o0 (G0 SUR 260: NEXT t: STOF
20 LET e=u¥u+y¥y: LET d= SOR e
240 LET a=-g/e: LET b=axx/d

250 LET c=a%y/d: RETURN

260 FLOT  INE 4540+%/5,y/5+80
270 LET x(t)=u/5: LET y(t)=y/3
280 IF y<0 THEN GO TO 300

290 RETURN

299 REM 3696 M N 3 2 I K I K KK R KKK
=00 FPLOT OVER 1:4Q+x/5,y/S+80
TOL REM %% 5553 5 3 363 3636 33 3656 56 3K X 2 K
=10 PRINT £03 FLASH 1i" Comet a
t perihelion passage "

FAUSE =00: INFUT ™Y

LOREM % 3% 9% %30 3 3 3 33 MK IR A NN NN
35 REM return to deepspace
FREM 93 % %% 3 3 % 3 2 2 3% 3 36 3 K 3K X%
FOR t=149 TO 1 STEF -1

LET yr=2023+ INT (-t/4.3)
FRINT AT O,2&65yr

FLOT  INE 6340+ (t), -y (L)+8

=70 FAUSE 10: NEXT t: STOF

=79 REM PR T S 2 TR R LR Rk
=80 KREM initial display/orb arc
T REM %% %% % ¥ XK ¥R %N N R R H K
I90 CIRCLE 40,80,8

400 CIRCLE 40,B80,40 )
410 FOR n=1 TO Z: READ a"h:_PLD
T 40+a,20: DRAW 0, 120,b: NEXT n
A1 1 REM %353 % %5 3 % 5 3 3 K 3 3368 %% %%
420 PRINT AT 12,13 "Earth"
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430 FRINT AT 18, 1i"Jupiter Sat
wrn Uranus Neptune": RETURN
440 DATA 40,2,105,1.1,1460,.9

GO0 REWM %% 5% % % %% N E KR XN XK e R W N
FIT0 BAVE "halley"
’ .
Pluto’s Orbit

On 21st January 1979, Pluto relinquished to Neptune the dubious honour
of being the most remote planet from the Sun by crossing within Neptune’s
orbit. Pluto will regain the ‘title’ in March 1999 by once more crossing
Neptune’s orbit — this time in an outward direction.

A collision between the two planets is unlikely as Pluto’s orbit is inclined
17° to the general plane of the planets including Neptune. During this
twenty-year period, Pluto will pass up to 10 AU (10 astronomical units =
10 X Earth to Sun distance) above Neptune’s orbit — a gap almost big
enough to contain the complete orbit of the giant planet Jupiter. The
planets Pluto and Neptune are themselves well separated — Neptune last
overtook Pluto in the 1890s as each moved ponderously along its orbital
track in periods of 165 years and 248 years respectively.

Screen display

The following program PLOTs to scale the relative positions of Pluto and
Neptune from the year 1880to 2128 — one complete orbit for Pluto. Botha
plan and a section are displayed of the overlapping orbits, with a tiny flash-
ing CIRCLE in the centre representing the Earth’s orbit (at the very centre
of which is, of course, the Sun). The passing years are recorded in the top
right of the screen and Pluto is PLOTted in a green pixel (a darker shade in
monochrome) on a black background (PAPER 0: BORDER 0:) for
clarity. The display PAUSE:s briefly to PRINT six significant comments
against specific dates relevant to the progress of the two planets.

Pluto’s elliptical orbit

Neptune’s orbit has the lowest eccentricity of all the planets, being a near-
perfect circle. Because of this, its program requirements are minimal —
just Line 340 both to calculate and PLOT its orbit, where variable f is used
to increment the PLOT position.

In contrast, the bulk of the program from Line 110 is used to calculate
Pluto’s elliptical orbit, which has the highest eccentricity of the major
planets with a value of 0.25. Pluto moves faster when closest to the Sun (by
wider spacing of the PLOT positions) but, because this presentation is to
scale and overlaps Neptune’s orbit, it may not be obvious at this time.

Lines 300 and 310, both of which PLOT Pluto’s orbital progress, appear
almost identical except for the expression at the end of Line 310:
““...y/200 + 10’
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where /200 effectively compresses the y or vertical axis by a factor of
20050 that, instead of a second full ellipse being PLOTted, itisreduced toa
near edge-on view of the orbit as shown in the lower part of the display.

Experiments with Pluto display
Once the program has been RUN a few times, using the screen COPY
(Figure 5.12) to check that it works correctly, SAVE the program on tape.
Now try changing some of the variables to see what effect it has. (These
amendments will invariably corrupt an accurate presentation which is why
the program should be SAVE first.)

Figure 5.12
The orbits of Pluto and Neptune from two viewpoints.

PlLuto’s Orbit ‘year=2127
PLuto completes rbit:248 4drs
=TT T .\—‘-.
Kt A \
= N \
& - \\
/ NN
3 '._ H
T \
: 3
5 .
ptan % sun iptuto
2 s
= neptuns - ¢
,_dp:#‘ﬁ"':"“"f
edge—-on = - J———
\ view -y J

The following variables can be tested for effect:

ETEFTSE

x coordinate (horizontal) of the Sun

y coordinate (vertical) of the Sun

position and increment steps to PLOT Neptune (Lines 110 and 340)
STEP value to main FOR/NEXT loop

FOR/NEXT main loop starting at value 0 (3 o’clock start)

relative eccentricity of Pluto’s orbit

The value 13 (Lines 300 and 310) and the value 55 (Line 340) control the
radius of each planet’s orbit.
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GFOREM 535K 0K He e W I H NN

10 REM Fluto's Orbit

L1 FREM 363 3 9 5 % 5 9 3636 56 396 % 5 3 36 365 5 % 4 %

20 LET t=0: BORDER O: FAFER O
L7 DS @ B0 SUBR 400

Z0FRINT INED S5 "Flute’s Orbit

A0 FRINT AT 11,08 "plan”s TAR

léifmln“; TER 255 INE Si'pluto”
50 INT AT 15,145 "neptune”

GO FRINT " " "adge-on" " " view"

70 LET wux=1401 LET yy=92

=20 FLOT (=50, 08 DRAW 110, 20, .,

DRAW ~110, =20, .1 -

FUETM 6 36 3 3 0 3 0 36 36 6 30 e

FEM Tlash earth’s orhbit

FOEDI % 3 06 2 3 3 e X e e e 3 e e e e

CIRCLE  FLASBH lixx,yyv, 2

CIRCLE  FLASH Llixx, 10,2

FREIMD 353333 33 3 e 0 56 3636 36 6 6 6 6

EM Fluto's orbit ellipse

FRETIVE 3 3 6 3 6 36 36363 5 3 96 96 36 3 3 6 e

LET $=12.7: LET w=28.7

LET h=.8: LET g=leé&

LET w=g/1000: LFT v=0
i=h/4: LET v=0

r LET s=vy

LET w=u+i¥vi LET y=y+i%w

GO 8UR Z&0

LET w=ri LET v=s: LET o=h/7

LET v=v+o*bhs LET w=wto*c

GO SUEB 200

FOR t=0 TO 15% STEF h

LET s=u+h%ve LET y=y+h*w

GO SUB 260

LET va=vebi*be LET wsw+h*o

GO SUE Z00: NEXT t: STOR

LET e chy¥yr LET d= SOR e

LET a=-g/e: LET b=a%w/d

LET c=a%y/d: RETURN

FUEZIM 3380 3 3 36 365 0 e e 2 e e 6

REM draw Fluto®s orbit

FREM 255 362 2% e e 36363 36063 3 3 36

FLAOT  INE 480/ 13450, v/ 1 5+yy

—
z
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10 PLOT INE 45/ 134m,v/200+1
)

Z20 LET tt=1880+ INT (txl.&): F
RINT AT 0,208 "vear="3itt

TG REM 3K K36 KR K I K NN
D REM draw Neptune’s orbit
FREM %53 5350 36 9 36 3 % 3 K 3633 4
FLOT BRIGHT 1:ixx+ CO5 £¥535
SIN F%55: LET f=+4+.05

FRETIM 3 0 3 % 33 0 0 36 3 3 3 K K 3 X
REM gosub comments

M 3% % 3 3 35 X3 30 36 3 3 3 X 3K
Z6C IF tt=1888 0R tt=1929 OR tt
=1979 0OR tt=1999 OR tt=2040 0OR t
t=2127 THEN GO SUR 500

Z70 RETURN

TG [WEM W R R KRN W NI W N R K
400 REM comment strings

4OT REM % %% % % % % % 5 36 % 5 5 3 36 9 35 3% % %%
410 LET b$="188%9-Neptune "overt
akes”™ Fluto"

420 LET c$="1920-Fluto discover
ed"

470 LET d$="Fluto inside Neptun

e's orbit Jan 197"
440 LET e$="Fluto outside Neptu
ne’s orbit Mar 199%"

450 LET f4%="Neptune completes o
rbit: 164 vrs"

4460 LET g%$="Fluto completes orb
it: 248 yrs"

470 DIM a$(40): RETURN

4089 FREM %% % %% 3% %% 5% % % % % ¥ %K%K X KX H
490 REM conditional comments
A1 REM #%%%%%% %% %X %% %% ¥ %% %K X%
500 FRINT  BRIGHT 1i AT 1,05 (b$
AND tE=1888)+(ctd AND tt=1929) +(
dd AND tt=1979)+ (2% AND tt=199%)
+ (% AND tt=2040)+ (g% AND tit=21Z2
7)

510 FAUSE 250: FRINT AT 1,05a%
: RETURN

QOO REM 993 35 % 3 % W 3 X 53 X 36 WK KN F
990 SAVE "pluto"
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Solar Apex

Even as you sit quietly at your Spectrum, you and, I hope, the whole room
are moving rapidly across the universe. Nor are you moving constantly in a
given direction but in a whole series of loops and whirling spirals. This
series would read:

1) Rotation about the Earth’s axis.

2) Earth’s rotation about Earth/Moon axis.

3) Earth’s rotation about the Sun.

4) Sun’s rotation about the galaxy.

5) Galaxy’s rotation about the Local Group of Galaxies (LG of G).

6) LG of G rotation about the Virgo Super Cluster of Galaxies (VSCG).
7) VSCG rotation about the universe.

Most astronomers and cosmologists theorise in this way, but categories 5
and 6 are pure speculation and category 7 improbable under currently
accepted theories of the universe’s creation which conform to the idea of
a Big Bang, where all groups of galaxies are still moving apart from the
initial explosion. Of course if the universe is ‘closed’ and the galaxies
finally come to rest they will probably reverse their motion back to the
point of the Big Bang — in which case the galaxies are in orbit about this
point even if their motion s in a straight line there and back (a maximum of
one orbit only). A case of a shell falling back into the muzzle that fired it!

Down to Earth

The following program is a little less rarified and combines categories 3 and
4 to show the corkscrew motion of a planet towards a point in the sky, near
the star Vega, called the Solar Apex. This is the direction in space in which
the Sun is moving at a speed of 275 km/sec as it orbits our galaxy. The Sun
is the straight line trace across the screen and the helical trace that of the
planet, the orbit of which can be tilted at an angle for effect.

The various helices as PLOTted have a modest three-dimensional qual-
ity to them. Figure 5.13 is a typical example.

The two INPUT conditions control the orbit tilt, 1 for near edge-on, 10
for plan view whilst the planet INPUT alters the orbit radius. The period
displayed is purely arbitrary and is controlled by the orbit radius merely to
indicate that the helix will be finer and will occur in a shorter period of time
on a smaller orbit.
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CHAPTER 6
Figure 5.13
Helical motion of a planet through space. The Planets
4 )
SolLar apex & tikt =2
pLanet=5
period=1410
- _'.'-._, From antiquity, man recognised five planets or wanderers in the sky —
T T Mercury, Venus, Mars, Jupiter and Saturn. Each was endowed with some
e e UTERRR N feature in human nature which was admired or feared — such as naming
... i I . . the red planet, Mars, after the god of war. On a more practical level, men
e R . i probably suspected that these were also worlds like their own, but too far
- . tagt . away to see clearly. In 1609 Galileo, using his telescope (the first time this
" . instrument had been used in astronomy), confirmed that this was so.
Lo Today colour TV cameras sit on the surface of Mars directly controlled by
a computer joystick held 100 million miles away on planet Earth. Such is
the pace of science.

k j Although we now know that the planetary environments are more hos-
tile to the human frame than our forebears could have ever imagined, the
planets continue to be fascinating objects in the Sun’s family.

The programs that follow combine a variety of interests from simulating
a scene on the Martian surface to computing the precise positions in our
= BORDER O: FAFER O: INkE 7 sky where the planets can be found; from using the Spectrum in Computer
D REM 39K 30393 3K K KN N Aided Design (CAD) to judging the planetary images seen through a small
10 CLS @ FPRINT "Solar apex', telescope.
11 REM 9359655 3 3 3% 3 4 3% % % % 33K %% %%
5 PRINT "tilt ="j
20 INFUT "1 to 10",z: FRINT z Solar System Trek
23 FRINT ,"planet="3 Fancy a trip to other worlds via your computer? This program lets you do
S0 OINFUT "1 — S5",d: FRINT 7, just that and enables you to ‘view’ the solar system as seen from the skies of
period="1: LET d=d*10: LET x=100 any planet (including Earth), on any date. You can even beat the mythical
40 FOR £=0 TO FI *%9 STEF .1 Icarus by viewing the planets from the surface of the Sun or perhaps from
9 FRINT AT INT  (cl*f) Jupiter during a spacecraft’s fly-by.
50 LET a=w—+%*5+xs LET b=+%*I+d The program contains all the necessary data to compute the various
60 FLOT  INE &% OVER lia.b planetary positions (‘ecliptic longitude’), the constellation in which each
70 FLOT  IME 45a+ SIN f*d,b+ O planet appears and the angular separation from the Sun (‘solar elonga-
08 f#d/z tion’). This is displayed in both table and graphic form — the latter as a
80 NEXT f: STOF 360° panoramic strip of sky centred on the Sun.
GO0 REM  %%%5 %% % %% % % % % %% %5 %% % %% The computation and display take only a few seconds and are deliber-
990 SAVE "apeu" ately slowed down to make the information easier to assimilate. Good use
is made of the Spectrum’s colour and graphics and an option to COPY the
screen via the ZX printer is included.
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The display — Mercury to Neptune

The initial display lists the planets and DRAWs the orbits to two scales —
one for the Earth-like ‘rock planets’, Mercury to Mars, and one for the
remote ‘giant gas planets’, Jupiter to Neptune. Despite the program’s
simplicity, it is sufficiently accurate for you to identify the planets as seen
from your back garden, assuming your ‘viewpoint’ is Earth and you have
chosen a day with a clear evening. A star-atlas like Norton will be useful in
finding the constellations.

The exceptions to this are the remote planets Uranus, Neptune and Pluto
which are all too faint to be seen without a telescope and, even then, are
indistinguishable from stars. Pluto is excluded from the program because
its orbit is highly elliptical and inclined 17° to the general plane of the
planets called the ecliptic. Circular orbits of zero inclination are therefore
assumed — Mercury and Mars prove to be the least accurate but are only so
over long periods of time.

The result from a program of this type is called an ‘ephemeris’ and it may
be of interest to discuss the principles behind such work.

A plan of the solar system could be likened to a giant clock with eight
hands of varying length — the outer tip of each hand representing a major
planet. Each hand will sweep-out approximately the same area (shown
shaded in Figures 5.4 and 5.5 in the previous chapter) in the same time
interval. Thus the further a planet is from the Sun, the slower it moves and
the longer it takes to complete an orbit.

If you know the position of the planets on an epoch or reference date,
you only need to wind the hands backwards or forwards to locate the
planets on any other date — past, present or future. If your viewpoint is the
Sun, each planet will appear projected on to the background
constellations, ie signs of the Zodiac, equal to the planet’s heliocentric
(suncentred) longitude. If your viewpoint is a planet, then the computer
performs the necessary triangulation to deduce the revised positions. Use
the sample screen displays in Figure 6.1 to check your results.

The program

The REM statements show the general structure of the program with the
DATA held from Line 1000. This program was originally designed for a
ZX81 and I still have a liking for slicing string arrays for data! Be sure to
double-check that these arrays are correctly entered — the smallest error
will produce wrong results.

In the graphic displays, a ‘*’ symbolises the Sun and ‘h’ (for Hermes —
the classical Greek name) stands for Mercury, to avoid confusion with ‘m’
for Mars. The ecliptic longitude (ecl. long) gives the planet’s angular dis-
tance from the First Point of Aries, ie 0° (measured eastwards from 0° to
360°) and the solar elongation (elong) gives the angular distance from the
Sun, ie 0°. A minus figure indicates that the planet is to the right of the Sun.
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Figure 6.1
Check your program against these results.

Flanet ecl.long conNs3t 2tong
TS0 * 55 .4 T2
ET-Hercuru FEo.4 Tau 17
G-Usnus T2 .5 Tnc e .
—Es. tr: Uiecwpnint TN
ST -FMars =1=18 22 & =
E-Tupiter oo, & U1 ¢ 12s
v-Saturn o Mg 7 [aXalkt —34 . 5
B-Oranus T4 J3ir 7.5
S-Nepilune oog.o L1k 1.8

zZodiac constellaticne
ScLi Ur Le CnGe TaRr PiAq CpSa
n v male s

!
J o 1

Scli Ur te CnGe Tafr FifEg CeSa

Plarnel Srl.lnna ronst  eLon
T-SuRn + 1515 Tao - I
E-MEf tiiig ibS.n Y Ts
Z-Usnus 157.5 O1r I5.5
-z
k]
T
[} =
zodiac constellatigns
q CpSa 5cbi Ur Le CnGe Tarkc PiRAg
s n v f M

ki Jd
qQ CpSa Scbli Ur Le CnGe Talr PiRg

Lines 420 and 440 separate the planets into two groups — those nearer to
the Sun (inner planets) and those further from the Sun (outer planets) from
the chosen viewpoint — and computes their positions accordingly. Under
test it will be noted that, as seen from Earth, the inner planets Mercury and
Venus never stray far from the Sun whilst all the outer planets can be found
anywhere along the ecliptic. Conversely, from Neptune a// the planets
become inner planets with Mercury to Mars never more than a fraction of a
degree from the Sun — virtually undetectable to a Neptunian!
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96

D REM %% 5% 5 3 5 3 5 3 3 5 % % 3 K X K ¥ % %
10 REM Solar System Trek
11 REM %33 5% %% %% 5 5 55 % % % % % %% % % X%
20 BRIGHT 1: GO SUEB 1000
29 REM  %%% %% %% % 5% % % 5 % % % % % 6 5% % %%
30 REM  initial screen display
Tl REM %53 % %5 3 %5 3 % 5 6 % % % % % % 5 % % %
40 LET L=1: CLS : BORDER RND
*7
50 FRINT  FAFER Si'"Solar Syste
m Trel "3 CHR$ 127:°"
60 FRINT AT 14,105 "mve m
J osu n"s AT 15,958"*"3 AT 15,21:
H*II
70 FRINT AT 19,0i FAFER 43" r
ock planets "i FAFER 53" giant g
as planets"
80 LET a=0: LET ax=272
?0 FOR n=1 TO 9: BEEF .1.,9: IF
n=6 THEN FAUSE S50: GO SUB 800:
FAUSE S50: LET a=9&6é: LET ax=320/1
7
100 CIRCLE 75+a,51,a(n)*ax
110 FPRINT AT n,0: FAFER &6—-(2 A
ND nx*1)+(1 AND nx3)sys(n)s NEXT
n
120 G0 SUB 720
129 REM #%¥%¥¥%%XXXHHK¥ENXERXXEE
130 REM select viewpoint
131 REM %% %% % %% % %% 3 % % % % %96 % %% %%
140 INFUT "Enter planet no",k:
IF k<1 OR k*9 THEN GO TO 140
150 BORDER k/2Z2: LET j=k
160 PRINT PFAFER 13 AT 10,0ib%
170 FRINT AT 11,05 FAFER Of IN
k78" zodiac constellations
180 FLOT ©0,40: DRAW INE 45255,
§)
1389 REM %333 %% % % % 3 33 % 3% % 3 3 556 5% % %
190 REM enter date
191 REM %933 5% 5% 3 5 5 3 33 9 3 % 3 5 3 %% % %
200 INFUT "Date (yyyy,mm,dd) "3

Chapter 6 The Planets

TAR &iyi TAR 1limi TAE l4id: IF
vo 100 THEN  LET y=y+1900: IF m>1
2 0R d=21 THEN GO TO 200
210 LET k$=o% (n*3Z-2 TO m*3)
2EQFRINT AT k9% FLASH 1§"<Vi
awpoint>"s FLABH OF FAFER 6—-(2 A
MR kE1)+ (1 AND k=8) 5 INE Qiys" "
et Mads o e " OAND de 100
2EOOFRINT  FAFER S8 AT O,08" F1
ecl.long const elong "

RETM 33 36 3 3636 36 36 36 3 3 33 36 36 36 36 36 3 9
REM  leap vears/epoch davs
FREM 33 33 3 e e 3 3 3 3 e 0 3 96 32636 3 363
IF wv/4= INT (y/4) THEN LET

IF m=2 THEN LET b=(m+1)*Z0
O-GE-Lr B0 TO 280

270 LET b={m-1)* (&3~-L) /2

280 LET dy= INT (b+d)

290 LET ed= INT ((y—ap)*utdy+.5

Z00 REM ¥*selected planet postn
210 LET pp=c¥*{ed/t(j))+1(j)

LET ge=(pp/e—~ INT (pp/a))*e
FUEM 3 3% 36 36 36 3 3 36 6 3 3 3 36 3 3 96 % % % % %
REM - mainloop

FREDM 3 5 5 56 0 3 3636 3 5 3 36 5 36 36 3036 6 36 % %
FOR n=1 TO 9: IF n=% AND n=
3 THEN GO TO 710

E50 IF n=3i THEN NEXT n

D260 LET p=c*¥(ed/t(n)2+1(n)

A70 LET g=(p/e- INT (p/e))*e
280 IF =1 THEN GO TO 440

TG REM %3 XK % KWK NN KRR
90 REM calc inner planets
T REM 35 33 3 3 30 MK R 3NN KK
400 IF a(n)<a(j) THEN LET el=1
BO+ge+r* ATN ((ain)* SIN ((ge—q)
srd)/a(i)-ain)* COS ((ge-q)/r))
)

409 REM 39696 % 3% % 3 3 3 96 3 K 3% % 3 % 3 K 3% X% %
410 REM calc outer planets
A1 1 REM 53555 % 35 5 3 36 3 3 3 356 53 3% % %% %
420 IF a(m) *a(j) THEN LET el=qg
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+r¥ ATN ( SIN ({(g-ge) /) / talin) -
COs ({g-qe)/r))

4770 GO TO 450

440 LET el=qg

450 IF @l <= O THEN LET el=el-+
&

4460 IF el @e THEN LET sl=el-e
470 IF elre OR &l <= 0O THEN
GO TO 4350

480 LET e@l= INT (.S+21*10)/10
AE9 KEM % %% %K % % 5 X KKK R X KKK KN
490 REM solar elongation

A4G1 REM % %96 %% %% 3 % 5 5% % 5% % X % %K 5 % % ¥
500 IF n=1 THEN LET sun=el

510 IF j=1 THENM LET sun=0

520 LET b= INT ({(zl-sun)*10)/10
550 IF b #1800 THEN  LET b=bh-&
540 IF b<—-180 THEN LET b=bt+e
S50 [F el @= e THEN LET el=al-
€

560 LET v=1l+ ITNT (el /200

=570 FRINT S AT n,Giy$E(n) i

5830 FRINT  TAR 105 (" " AND =149
yu (o aND ela99riels TAR 195c$(
v 4= TO v*4);

=550 FPRINT  TAR 245 (" " AND b1
OOY3 (" " AND b = O AND b<10)s M
"OAND b= 10 AND bBO100)ibh

500 REM %% R KRR KN K KRR AR H K KR
HO0 REM print zodiac/planets
HO1 RENM ¥ %E%%%¥%EEHE XXX EEXREXF
H10 BOD TO (n=1)*20+(n <k 1)*&5
o]

HR20 LET w=30-sun/12: I[F w = Q
THEN LET w=w+1

6HE0 LET re$=m$(w TO )+m${ TA w)
640 FRINT INE 7% FAFER Zi AT 1
T.0ir%s AT 20,0:ir%

&50 LET z=0: LET nn=n/Z

660 IF nn= INT nn THEN LET =z
670 FRINT  INE 78 FAFER 1: AT
G4z ,b/12-1é&5z%(0)

G799 REM %% %% %% % %% % % %% 63 % %% % %K%
680 REM plot planets position
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&1
LG
50, 4
700
705

TLO

AW
TEO
18
740
7E0

o oo

760
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FUEFD 3 3 3 363 3 36 9 X 36 3 36 36 6 6 6 3 56

InED %y FPLOT INT (1Z2~-b/1.

A4-rir DRAW 1,1: DRAW O, -1

BEEF JA¥3 NEXT n

IR'EM ER R R R R R B R T R
Rk end of mainloop

- EE R R R T T R R TR L TR R R R R
IF j=1 THEN PFLOT 130,38: D
INE 634,4: GO TO 740

FLOT 132,32 DRAW INKE &30,

GO SUR 790

FRINT E£O0f"Fress z to copy,
continua": FAUSE O

IF  INEEYS$ ="z" THENM COFY

INFLT "'y GO TO 750

749
s
779
780
790

FREIM 3 3 30 36 30 0 06 36 03 0 e 0 0 2 6
TO 40: REM reRUN
FREDIM 3% e 06 e 3 360 3 e 3 2 0 e
FEM gosub "lines”
FOR n=17% TO 90 STEF -&: FL

OT Q,m: DRAW 255,03 NEXT n: RETU

KN
8OO

CIRCLE 171,51,2: FLOT 171,5

Iy DRAW -90, 320 FLOT 171,49: DRA

CW

99
100
1001
1010

N e
Ay

S RETURN

FREEM 3 % 3 33 2 3 e 36 06 3 2 3 3 36 3 3
REM data % variables
FREM BB R R TR i I I R AR AR N A A2
DIM a(®2): DIM 1¢9): DIM +(9

Yo DIM v (9,9): DIM b$(Z2%10)

1040
I

1050
1060
1070
ulAugSepOctNovDec”

1079
1080
1089
1070
CpSa

LET u=3265. 2654
LET ep=1975: LET e=360
LET r=180/ FI 1 LET rr=e/ F

LET c=e/u
LET F=leZ: LET G=le4
LET o$="JanFebMarAprMayJund

REM #%%%%planet codes**xxx
LET z#="¥hvemjsun"

REM #*#%%%z00i ac SigrsHeexsx
LET m$=" Le CnGe TaAr FiAg

Sold Vet
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1099 REM #**Long (Epoch-1973.0) %%
1100 LET 1%="0000003206633109750
QOEIARA4YLRYTET214 1041722057 47
15"
1109 REM *%#*¥period in ysarskses
1110 LET t#=".00001,24085.613211
LO0001 . 880911.86229.45884.0121464
79"
1119 REM *#¥xorbit radii in Albxxx
1120 LET a%="0000010 371007 §
1ONO001ISRETOSZO2B09538819181820C
579" ‘
1170 LET p$="1-8un % Z-Mercuryl
~Venus 4-Earth S-Mars bH-Jupi
ter7-Saturn 8-Uranus 9-Neptune"
1140 LET c$="Fsc Ari Tau Gem Cnc
Leo Vir Lib Sco Sgr Cap Agr "
1145 REDM %5 %% 0550 X K5 K 6% K 3N KX x
1147 REM data loop
1149 REM %3 %% %% 500 5 0 3 3 X 56 K6 X%
1150 FOR n=1 TO 9@ LET w=n*&H
1160 LET a(n)= VAL a% (-3 TO )/
G
1170 LET 1(n)= VAL 1$x-5 TO =«
F'
1180 LET t(n)= VAL t$(x-5 TO =)
1120 LET v$(n)=p%(n¥9-8 TO n¥?)
1200 NEXT n: RETURN
120G REM 8% 0% % 9% 5 53 K 3K 330 R
1210 REM data subroutine ends
GO REM %555 5 % 30 K M3 3% KKK 3%
990 SAVE "55trek’ LINE Z0O

52

Planetary Ephemeris

There are degrees of accuracy. If youtry to key in a more ac_curate program
than the basic ephemeris program below, the length can increase alarm-
ingly. A ten-fold increase in accuracy, say fror'n 10’ (minutes) of arc error
to 1’ of arc error may increase the LLISTing size three-fold. Both degrees

100

Chapter 6 The Planets

of accuracy would place a planet in the same telescopic field of an amateur
instrument magnifying, say, X 50, if it was pointed at the correct sky coor-
dinates. It would be obvious that the object was a planet as the disc could be
seen (with the possible exceptions of Uranus and Neptune — where the
apparent star would be seen to move, over a couple of evenings, against the
true stellar background, and be revealed as a planet.

There is a further and more pertinent point to consider. In the case of a
book or magazine LLISTing which has to be keyed in, you could rapidly
reach the situation where it was virtually impossible to debug keying in
errors (particularly with complex formulae). This is a major reason for the
relative briefness of the LLISTings in this book.

Occultations

Probably the ultimate in ephemeris computations is occultation work (the
Moon or a planet passing in front of a star). The (usually professional)
astronomer may need to compute the positions of each body with such
accuracy that he would also have to INPUT the precise point on the Earth’s
surface within a metre or so of where the observation is to be made.
Obviously such a program is only suitable for the massive memory of a
mainframe or minicomputer rather than a micro like the Spectrum. Per-
fection is achievable at a price — both of hardware and mathematical
expertise.

Having said this, some Spectrum user plus Microdrive will no doubt
disprove it! Good luck to him or her. Dedication and single-mindedness
could win the day.

Orbital elements

Now to cases and the program which follows. What is its accuracy and
where are its shortcomings? First, a comparison with the Solar System
Trek program, which would be regarded as relatively inaccurate — merely
within a degree or so of the correct positions because only three parameters
are used for computation. These are:

1) Period in years.
2) Radius of orbit in AU (astronomical units).
3) Position on orbit at epoch date (1975.0).

Thus, as previously mentioned, only circular orbits of zero inclination to
each other are assumed, which is not precisely the case which exists. For
greater precision three additional orbital elements must be considered:

4) Eccentricity of orbit.

5) Inclination to the ecliptic (Earth’s orbital plane).

6) Location of ascending node (point where an inclined orbit crosses the
ecliptic in a northerly direction).
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For this particular program the epoch date has been upgraded to 1980.0 for
item 3, and items 4, 5 and 6 are included.

For eccentricity, this program only solves Kepler’s Equation to the first
term, for elliptical orbits to an eccentricity of about 0.1. Mars, Mercury
and Pluto, in ascending order, have larger values than this, and so their
computed positions are more inaccurate than those of other planets.

Finding the planets

If the intention of this program is ultimately to find the planets in the sky,
then this presents few problems except for Pluto. In reality Pluto is so faint
in stellar terms — about magnitude 14 — that few amateur astronomers
have seen or photographed it. A telescope of about 30 cm aperture is
needed for visual use and one of about 10 cm aperture when it is being used
as a guided camera to record this most elusive object. Pluto is however
retained in the program as a matter of general interest, despite a typical
error of 4° in its computed position. If a telescopic lens of about 60 cm
focal length is used on to 35 mm film, Pluto will still be captured on the
exposure (if perhaps at the edge of the frame) whilst aiming at the predicted
location in the sky produced by the program. One additional reason for
Pluto’s large error is its current perihelion passage which effectively exag-
gerates the program’s shortcomings by placing Pluto behind (to the west)
of its true position.

Pertabations

There is an additional factor which has been ignored in the program for the
sake of brevity, namely planetary pertabations — the gravitational influ-
ence of each planet with the others which pulls a planet from a true path
about the Sun. To include the major (and massive) culprits Jupiter and
Saturn would increase the LLISTing length at least two-fold, without
reference to the remaining seven planets. Notwithstanding these
omissions, the program is accurate to within a few minutes of RA (time)
and Dec (arc), especially for planets other than Mercury and Pluto.

RUNning the program

Once the program has been keyed in and is RUNning, the results should be
checked against the sample screen displays, Figures 6.2 and 6.3. These
should match precisely for the dates shown. With regard to the RA and Dec
noted in s (seconds of time) and ” (seconds of arc) respectively, these
should be assumed as icing on the cake for, as I’ve already pointed out, the
program accuracy does not approach this level. However, it does not reach
the absurd situation of some ephemeris programs, which imply such levels
of accuracy that you are required to INPUT the hour and minute of the
day, in addition to the date, when the predicted errors exceed a day’s
movement of the planet concerned against the star background.
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Figure 6.2

The planetary positions on the summer solstice 1985.
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Figure 6.3

The planetary positions on Christmas Day, 2014.
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Using star atlases

To be of practical use, particularly if you are unfamiliar with the night sky,
the predicted positions should be plotted on a star atlas like Norton or
Tirion. The latter is printed to a larger scale and is more suitable if used
with a small telescope.

To confuse matters a little, each atlas is prepared for a different epoch.
This means that the reference grids of RA and Dec are very slightly
different, as would be the apparent positions as plotted. In practice, the
computed errors may exceed the difference of the reference grid between
1950.0 for Norton and 2000.0 for Tirion — the relevant epoch dates.

Checking on the past
Once you have INPUT a few current dates, and perhaps COPYed them to
the ZX printer if you have this option, try entering some dates from the
past. The program remains accurate to around one degree over several
centuries. The principle errors are caused because we have not allowed for
the pertabation effects. If the INPUT date is before the 15th October 1582
then add 10days to the date to bring it into line with the current (Gregorian)
calendar (see Chapter 1).

The following exercise relating to historical dates may be of interest.
Test them against the program to find out where certain planets were on
these dates using a star atlas for guidance.

INPUT these dates:

1610 January 10 :  QGalileo discovers moons of Jupiter
(approximate date).

1610 February 8 :  Undiscovered Uranus in Jupiter’s star
field.

Huyghens discovers Syrtis Major land-
mark on Mars at 7pm that evening. Mars’s
rotation accurately known to 4y second
aided by this observation.

1781 March 13 : Herschel discovers Uranus.

1846 September 23 Galle discovers Neptune in place predicted
by Adams and Le Verrier from
pertabations on Uranus.

1930 February 10 :  Tombaugh discovers Pluto after 10-year

search.

1659 November 28

It is purely coincidental that the above events, (except for Neptune in
Aquarius) occur in Taurus and (for Pluto) in adjacent Gemini. It is inter-
esting to wonder if Galileo with his relatively poor-quality telescope could
have discovered Uranus 170 years before Herschel, as some historians sug-
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gest. Many famous astronomers between the respective dates observed
Uranus and recorded it as a star. Only Herschel with his superior reflector
telescope immediately recognised a tiny disc that moved over the following
evenings against the star background.

Thus it can be demonstrated that the program can be of practical value in
finding the planets in the sky and is of some interest in a historical context.
Historians have also suggested that the Star of Bethlehem could have been
one of three possibilities:

a) A new star or nova.
b) A comet.
c) A conjunction of bright planets.

Item c can be tackled by the program although it is not ideally suited, as it is
a matter of trial and error to find a convenient conjunction (grouping
together) of at least three bright planets for a given date. The four brightest
planets are Venus, Mars, Jupiter and Saturn — Jupiter must be one of the
candidates. Negative dates can be INPUT, like — 11 which represents the
year 12BC.

A better solution to this type of problem is to rewrite the program using
FOR/NEXT loops and/or incremental days to PRINT to the screen
when conjunctions occur, starting at a set date — say January 1 10BC until
January 1 10AD. Any pair of planets which form a suitable conjunction
should be within about 1° of each other.

GOREM 395 3 3 536 93K 3K N

10 REM Flanetary Ephemeris

11 REM 3955555 336 355 5 56 5 % 63 3 3 % 56

20 REM  gosub for planet data

I0 G0 SUBR 2000

DT REM %% 3% 3% 60K KKK N

40 REM initial titles

41 REM 35333 %% 5 55 % 5 % 5 % 5% 5 5% % %%

S50 BORDER O: FAFER S5: INE 9: C
LS ¢ PRINT PFAFER 43" Flane
tary Ephemeris "; CHR$ 1273"

&0 FRINT "7: FRINT FAFER 63b%

70 FOR f=1 TO 8: FRINT FAFER
~bib%: FRINT as(f%7-46 TO £%7)

B8O NEXT £
70 FRINT FAFER 13 AT 4,03 "Fla
net Right Ascen.Declination®

DG REM %933 3 3 3 3 3 3 8 % % % 6 ¥ H 9 K 3% ¥

105




ZX Spectrum Astronomy

100 REM
101 REM

gosub to input date
RS T TR ST

110 GO SUB 1000

119 REM
120 REM
121 REM
120 LET
140 LET
150 LET

P33 KK I K W NN KN NN
garth position

B L R E T TR

we=98., 83154

ea=,016718

r=cd¥ed/1.00004: GO SUR

770 LET Ne==z

160 LET
SUR 770z
170 LET
e/ra)twes
180 LET
190 LET
(ve/ral)
199 REM
200 REM

201 REM
D FOR
QT LET

770: LET
240 LET
2950 LET

/ra)ta (2,
260 LET
270 LET

z=Ne+we-102, 596403 GO
LET Me=z
z=Ne+rr¥,016718% S5IN (M
50 SUB 770 LET Le=z
ve=Le~-102.596407%
Re=(l-ea™2) / (l+eex COS

ST T SRS T
planet positions

K I He K I KW KN K
n=1 TO 8: REM main loop
z=od¥*ed/x (L,n) s GO SUER
Np=z

Mp=Np+x (2,n)-x (Z,n)
z=Np+rr*: (4,n)* S5IN (Mp
n): GO SURB 800: LET Lp=

vp=Lp-x (Z,n)
Rp=1 (S,n) % (1-x (4,n)*x (4

S/ L+ (4, n)* COS (vp/rad))

280 LET

Fei=ra% ASN ( SIN ((Lp-—-

»(7,n))/ra)y¥ SIN (x(b,n)/ral)

290 LET
Z00 LET
ban)/ra)
LET
LET
LET

340 LET
T80 LET

yvi=Lbp-x (7,n)
y= SIN (yx/ra)* COS5 (|

= COS5 (yx/ra)l
ct=ra* ATN (y/x)
g=ct: GO SUER 820: LET <

Ll=ct+x(7,n)
Ri=Rp* COS (psi/ra)

60 IF nx2 THEN GO TOQ 430

269 REM
70 REM
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e e K K I NN
inner planets—-Mer/Ven

7L OREM %% %5 % ¥ % KK KR K KWK KRR KR X
280 LET Li=Le-L1
290 LET A=ra%* ATN ((R1x SIN (LL
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/ra)) /(Re-Rl* COS5 (LL/ra)))

(

400 LET z=180+Le+d: GO SUER 8OQO:
LET Lam=z

410 GO TO 470

419 REM 99 % %5 3 36 % % 3 K 3% 5 33K %% %%
420 REM  outer planet-Jup/Fluteo
421 REM 539 % % % 9 3 3 3 35 36 % 3 % 5 3% %% % %
] LET LL=L1-Le

4770 REM 333 55K 3 3 53 9 % 55 % %% 6 % % K% %
440 REM secliptic longitude
441 REN %% 5% % 5% 3 5 5 3 3 33 9% 5% 3 333 %% %%
450 LET z=L1l+ra%x ATN ((Rex SIN
LiLZra) /A iRl—-Re* COS (LL/ra))))s

G0 SUER BOO: LET Lam=z

S REM 30 KR KKK KWWK R
45650 REM ecliptic latitude
Aoyl FEM 399 %56 % 3 5 K 36 3 5 33K 3 36 53 % % %%
470 LET Bet=rax ATN (Rl1* TAN (F

si/ra)* SIN ((Lam—L1)/ra)/ (Rex S

I

b

)

h

N Clli=-Le)/ra)))

479 [REM 3% %5 5% % 3% 3 3 39 5% % ¥ 3 3 3 3 3% %%
480 REM ecliptic-equat coords
431 REM 339 %% % % 3 3 36 % 3 35 9 5 KK 3% %%
470 LET la=lLam/ra

S00 LET ec=23.441884/ra

510 LET be=BEet/ra

520 LET y= SIN lax CO05% ec— TAN
e%x OIN ec: LET x= CO5 la

930 LET RH=rax ATN (( SIN la* C

08 =mc— TAN be* S5IN ec)/( COS la)

EURG REM 350 5 %3 3 96 5 30 3 3K KN N
940 REM gosub guadrant

Bl REM 35 3 %95 365 3 3 3 % 3 % 96 % 36 9 3 36 ¥
550 LET g=rh: GO SUR 820: LET r
=q

S70 LET ru=rh/1%3: LET ry= INT r

ST7G REM 33 KRR KX K KK ¥
580 REM print to screen
SE L REM %% %% % % 3 % 3 5 % XK % 3 ¥ K K % % %% %

The Planets

107




ZX Spectrum Astronomy

108

5920 FAFER S: FRINT AT n*2+32,93
HOO FRINT ("O" AND ry<10)irys"h

H10 LET mu=60%(ru— INT rx)s LET
my= INT mi«: FRINT ("O" AND my<l
U).my'” "y

HR2O LET su= INT (&0O% (mx— INT mx
Y4LE)Y s PRINT ("Q" AND sx<10) 50

S“
HZ0 LET DC=ra% ASN ( SIN bex CO
5 ec+ COS bex S5IN socx SIN 1ad
H40 FRINT AT nxd 21

&30 IF de<O THEN  FRINT "-"3
LH60 IF dox0 THEN  FRINT "+"3
670 LET de= ABS dc

6H80 FRINT ("O" AND  ABS dool10);
INT dci CHR$ 1203

6HF0 LET dm=460%( INT ARS doc- AR
5 do)

700 FRINT ("O" AND  ABRS dm<10) 3
INT  ABRS dms CHR$ 293

710 LET ds=60%( INT AES dm- AB
5 dm)

720 FRINT ("O" AND ABS ds<10)3
INT  ABRS dsi CHR$ =4

TG REM 355K 236932 I KKK
7E0 NEXT n: FRINT £05 FPAFER 13"
now plot planets onto star-—-atlas

740 FRINT £0i; "Fress o to COFY,
n for Next date'": FAUSE O

750 IF  INEEY$ ="c" THEN COFY
: INFUT "": GO TO 740

760 GO TO S0: REM *%%%r eRUN¥*%%*%
770 REM ¥¥%x%0-260 deg rangexxxx
780 LET z=c*(z/c— INT (z/c))
790 RETURN

8O0 REM *¥*xx¥positive nos*kxxs
810 LET z=z-(c AND z>xc)+(c AND
z40): RETURN

820 REM *******quadrant******%*

IO OIF w€0 THEN  LET g=g+180: R

ETURN

840 IF y=0 THEN RETURN
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BE0 LET g=g+c: RETURN

1000 REM #x¢#x%¥¥date inpubesdkesxx
1G10 INFUT "Date vyyv,mm,dd"s TA
B oSivs TAR 10im: TAER 13:5d

1020 IF m<l OR m>12 OR d=31 THEN

EOOTO L1010

1OZ0 LET m$="JanFebMarAprMayJund
ulAugBSeplctNovDec": LET m$=" "+m
F (m*IZ-2 TO meZ)+" "

1040 LET d$= STR$% y+tm$+ STR$ d
1050 INFUT (de+"-Ts date O (yv/n
YUY R g%

1060 IF g%="n" THEN GO TO 1000
1070 FRINT  FAFER 73 AT 2,91 "Dat
e="ndd

LOBO REM *x¥¥*¥*epoch dayskesxxes
1110 LET J= INT (Z65.25% (y—(mi3)
Y)Y+ INT (Z0,6001% (me14+12% (m<3)))
+d- INT (v/100)+ INT ( INT (y/10
OY74) 1720996, 51 LET ed=J-Z244427
8.9

11350 RETURN

1999 REM 355 % %% 3 333 6 333 36969 6 % % %%
2000 REM  data store % variables
DOOL REDM 9335 3 39 3 33 3 35 83 % 35 % % 5% %%
2010 REM period in vears

2020 DATA 24085, .61521,1.88089,
11.86224,29.45771,84. 01747_164 7
Y558, ). 9

2030 REM #¥*longitude at epoch**
2040 DATA 231.2973%, 355, 73552, 126
W SQ78E, 146, 966765, 165, 222242, 228
LOT70855, 260, 3578998, 209. 439

2050 REM **longitude perihelion*
2060 DATA 77.1442128,1721.2895792
. 608166, 140095497, 92, L6539
4 1727 ?b?:Bu,47.867214B,22£.97
2070 REM *x**¥*eccentricl by*esxes
2080 DATA 20863064, . 0067826, . 093
2865, . 0484658, . 0556155, . 0463232,
000021, 25387

2090 REM **x%¥samimajor aVis*****
2100 DATA 2870986, . 72333516, 1.
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688, 5. 0025461,79.554747,19.21814
2010957, 29.78459

2110 REM *%%x%inclinationrssxss
2120 DATA 7.0043579,2.394435,1.8
498011, 1.3041819,2.4892741, .7729
8925,1.7716017,17. 127

2120 REM #¥¥*¥¥ascending nodexxxx
2140 DATA 48.QR41733%,76.4997524,

ZX Spectrum Astronomy

49, 4032001, 100, 25201 75, 1172, 48887
41,73.8768642, 131.56064%4, 109.94
1

2150 REM #¥x¥%planet names ke
2160 LET a%="MercuryVenus Mars
JupiterSatuwrn Uranus NeptuneFl
uto "
2170 REM #*¥dim/load data array*
2180 DIM = (7,8): FOR n=1 TO 7
2190 FOR =1 TD 8: READ x(n,f)
2200 NEXT f: NEXT m: DIM b$(32)
2210 REM #¥¥%%%variabl og%# s %
2220 LET c=3260: LET cd=c/265.242
2 LET ra=180/ FI & LET rr=c/ FI

2270 RETURN
QOO REM 336 363 % % 95 36 9 5 853 3 3 3 3 55 3 %
7990 SAVE "ephemeris" LINE 40

The Moons of Mars

In Gulliver’s Travels, published in 1735, satirical writer Jonathan Swift
poked fun at contemporary astronomers by attributing superior instru-
mentation and discoveries to the mythical people of Laputa. At the same
time Swift proved that he was no mean mathematician.

The Laputans discovered (amongst other things) ‘two lesser stars or
satellites. . .revolving about Mars. . .at a distance of three times and five
times the planet’s diameter. . . from the primary’s centre. . .in periods of
10 and 21 hours respectively. . ..’

Asthelength of the Martian ‘day’ (24hr 37m) was first deduced by Cass-
ini in 1666, Swift was probably fully aware that his fictional nearer moon
to Mars would, as seen from the Martian surface, rise in the west and set in
the east a few hours later. The second fictional moon would remain
virtually fixed in the Martian skies, because the orbital period nearly
matched the planet’s rotation period.

142 years later, in 1877, Professor Asaph Hall, using the 26-inch Naval
Observatory refractor in Washington DC, turned Swift’s fiction into fact.
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He discovered two moons of Mars, the inner moon indeed orbiting the
planet faster than the planet’s axial rotation and the outer moon remaining
above a given landscape for nearly three Martian days — passing through
all its phases from new moon through full moon twice over. The currently
recognised synodic orbital period (new moon to new moon) is 7hr 39m for
Phobos and 30hr 21m for Deimos.

The screen display

The following program shows most of these factual features in an
animated presentation, correct in both scale and relative motion of the
three bodies. Incorporated into the display is a unique projection showing
the skies as seen from the Red Planet’s surface, together with the changing
phases of each moon as they orbit the planet. See Figure 6.4 for a typical
display.

Chapter 6 The Planets

Figure 6.4

The positions of Phobos and Deimos are revealed by their shadows as they orbit Mars. Inset is
the view from the Martian surface at local noon with the sun due south. Deimos is in the
western sky. As in many of the programs in this book, they can only be fully appreciated in
animation and colour.

f S Phobos Deimos \

martian day

pd €d
Lsunlight T+ ¢ 1+ 7 e-—-+——s-—-+,-:y/

The viewpoint is from space looking down on the north polar ice cap of
Mars. Sunlight shines from the bottom of the screen with the shadow of the
globe cast upwards into space. The planet is slowly rotating on its axis as
indicated by a flickering line of longitude — the location of our observa-
tion post on the surface. Phobos and Deimos orbit the planet and their
shadows in turn are cast up the screen into space.
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At the bottom right of the screen is the mini-sky projection of the scene
from the planet’s surface. The view covers the southern horizon from east
to west and the Sun and moons as they pass across the sky, all synchronised
to the main display. Inset into the mini-sky projection is the current phase
of each moon, marked ‘p’ for Phobos and ‘d’ for Deimos. Immediately
above is indicated the elapse time since the animation started, marked in
days and hours.

Phobos and Deimos

The animation starts at a colourful sunset on the first day — Phobos and
Deimos are due south and therefore centred in the mini-sky projection.
Phobos moves rapidly to the left in overhauling the planet’s rotation and
soon sets on the eastern horizon. In contrast, Deimos moves very slowly
westwards, remaining in the sky for over 30 Martian hours before setting,
being overtaken by the Sun in the process. Phobos will arc across the skies
from west to east many times in the days that follow — Deimos only put-
ting in an appearance again at the end of the program RUN.

Itis advisable to reRUN the program several times, preferably in colour,
to glean the most from the various interacting displays. The following
pointers may be of interest.

When an orbiting moon is at the top of the screen, it appears as a fully
iluminated disc or full moon. When at the bottom of the screen, between
the Sun and Mars, it is said to be a new moon and, because it is effectively
unilluminated as seen from Mars, it disappears briefly. If new moon occurs
during the Martian daytime then the moon in question will pass briefly
near the Sun, as shown on the mini-sky projection. The UDG CHRS$ set
from CHR$ 144 to CHR$ 159 is defined in the program to show the moons’
phases in 16 steps.

The program RUN time is controlled by the FOR/NEXT n loop in Line
280 and RUNSs for 5 days where PI*10 equals 10 semicircular arcs of plane-
tary rotation STEPped at half hour intervals by STEP PI1/24. Test the
program with different values instead of 10 and 24 in this line. A RUN
longer than 5 days lacks synchronisation for Phobos.

It is also possible to change the size of Mars and the two orbits with the
variable scale in Line 110. Currently it is set so as to contain Deimos’s
orbit on the Spectrum screen. The variables ‘mars’, ‘ph’ and ‘de’ are the
diameter of Mars and the orbital radii of Phobos and Deimos respectively
in kilometres, and should not be changed.

Q REM %33 %3 3% 3 3 3 6 3 33 5 % % % 3 %% %%
10 REM Moons of Mars
11 REM 33335 3% 9% 3 3 % 3% 55 % % 3 % %% %%
20 RESTORE : GO SUER Z0O0O0
DG REM 9 3% % %5 % % % 3 % 5 3 K KW % %%

112

0 REM variables

I REM 593 3% 3 96 3% 3 9 3 %35 5 % % % % % % %%

40 DIM a$(Z): DIM d$(12)

S0 LET m$=" martian "

&0 LET n$g="Mars Fhobos Deimos"

FOOLET w=832: LET yv=92: LET d=0
o LET p=0: LET sky=0: LET k=1

B0 LET h=0

GO LET dd=4.7: LET pp=4.7

100 LET mli=4: LET mZ=4

110 LET g=20%: LET scale=290
120 LET mars=6790/2/scalie

1750 LET m=mars-—1

140 LLET ph=9350/scale

150 LET de=ZZ487/scale

155G REPM %5 %% 5% 3% % % % % X X 3 3 %% %K% K % % %
160 REM initial titles

161 REM %% %% % %% 3% % %% % %K% ¥ %% %% K% %%
170 BORDER ©: FAFER ©: CLS

180 FRINT AT 12,9in$s AT 195,22
i INED 45 "howr="3 AT 14,225 INE &
B lday =

19ﬁ FRINT FAFER &% INE 2% AT 1

1iqm$+”d1y treErrtannlight

i FAFER 2% INE Si'e——t——

Chapter 6

e Rt U

200 LET pa=S: G0 SUR 740

D0G FREM %% %% XK R KK IR KK K KWK XK
210 REM  martian disk % shadow
D11 FEM 553565 5 % M35 00 X3 XK ¥
220 FOR n=0 TO 9@ FRINT FAFER
15 AT n,95a%: NEXT n

230 OVER O CIRCLE #=,y,mars

240 FOR n=0 TO FI *2 STEF FI
/24

250 FLOT x,v: DRAW INE 2% C0OS
n*m, SIN n¥m: NEXT m: FRINT AT
12,55d$+d%s BRIGHT 1:i FAFER 7: A
T 10, 105" "
260 FRINT AT 0,1Zin%s CHR$ 127
PEG REM %% %55 5% 556 %K XK KK NN XN
270 REM mainloop
D71 REM %30 %5 %96 5% XX KN NN NN
280 FOR n=0 TO FI *10 STEF FI
/24
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290 IF h>24 THEN LET h=h-24

ZO0

240
80

260

FRINT AT 15,2Z8ihi" "

REEF .01,40: LET h=h+.3
FRINT AT 14,28isk—-.5:" Y
FREM 99 3 536 % 36 2 36 36 2 36 3 6 6 36 3 36 0 6% % %
REM calc mars rotation
REM 3% % 3% 3 % 3 5 9 3 963 3 3 3 3 30 5 % % %
LET crhn= C0OS% n: LET cm=cn¥m
LET sn= SIN n: LET sm=sn¥*m
IF sky/24= INT (sky/24) THE

N LET pa=3: GO SUE 740: GO SUE

L0
370
79
80
Bl
Z90

d
400

p
409
410
411
420

GO SUR 830
FREM 35593 % 3 3 3 3 336 % 3 % 5 % 3 % %

REM calc orbits:part 1
REM %% % 3% % % % % 3 2 5 3 5 3 % 33 % % % % % %
LET dc= CO0S d: LET ds= SIN

LET pc= COS p: LET ps= SIN

FEM 9% 33 3 % 3 % 36 3 % 36 K 3 % 39 3 9 K% 3 %
REM calc moons in sky

REM %% %% % 3 % % 3% 3% 3 % % 3 3 5 3 X % X% % %
OVER 1: LET ddc= COS dd: LE

T dds= SIN dd: LET ppc= COS pp:
LET pps= SIN pp: LET sky=sky+l

429
470
471
440
450
460
470
479
480
481
490

FREM 93 % 5 3 9 3 3636 3 32 36 3 396 30 % % %
REM calc orbits:part 2
REM %3 % %% 3 % % 3 % 3 5 3 3 3 5 3 9 35 X % %
LET dx=x+dc*de

LET dy=y+ds*de

LET px=x+pc*ph

LET py=y+ps¥ph

REM %% % %% % % 3% 3 3% 3 % %36 3 3% % X% %% %
REM “flash™martian longtde
REM %3 % %% 3% 3 3 % 3 % % % 3 % 5 %% % %% %
FOR £=0 TO 1: FLOT x,y: DRA

W INE Zicm,sm: GO SUB 780

500
S09
510
11
920

530

114

INE 9

NS TEE T LTSS T L LT L LTSS
REM draw orbits

FEM 393 9 3 % 36 5 3 3 3 3 0 3 % 3 93 3 %5 % %
FLOT dux,dy

DRAW ©,175-dy— (96 AND dy-y
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AND ols Fe =172 AND w130

540 FLOT pu,py

S50 DRAW O, 175-py— (96 AND pyy
AND prsx—170 AND puax-+173)

SEO NEXT

S70 FLOT du,dy: FLOT pHa.pYy

B REM %% 305530 30559 %5 X XK X
990 REM moon orbit steps

TG REPN X85 038533 Ke 0 3K XK N B Mo KK
HOQ LET de=d+, 105y LET pE=p, 425
6510 LET dd=dd+.0%24&: LET pPR=pD—.

LET mi=ml+1l.06%9: LET m2=mi+

£50 IF ml>1% THEN LET mil=ml~-16&
40 IF m2:15 THEN LET m2=0
HI0 OVER O NEXT n

A FRENM 8K KK KWK N NN H K e
¢ FEM reRUN program
60 FRINT £035 FLASH 1:" Fres

NN MW IR H WK
HF0 REM mini-sky projection
EEL REDM 353 33336 96 3 33963 5 3 3 3 36 436 4
AT 164, 194

INT sk THEM  FRIN
INE. Zim$+Yday "1 LET

= INT sk THEN FRINT
FAFER S5 INE 9im$+"mite": LET p
20 LET sk=sk+,5
729 REM %% %% %% % %% % % %5 % % % X % ¥ 5% % ¥
7EQ REM draw sky box
TEL REM %9 % %% 56 3K 563255 Ko %
740 FOR k=17 TO 20: FRINT FAFE
R opai AT k,195d$: NEXT Ik
7EH00OINE 98 FLOT 15 7 DRAW 100
O DRAW O, 201 DRAW =100, 0 DRAW
Oy =20
760 FRINT ERIGHT 13 FAFER Q3 I
NES 75 AT 20,23 sl o
770 RETLRN
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T79 REM 33336333 3 355 % 03 3 3 6 33K KK %
780 REM plot martian sun

761 REM %% %% 3% 5 3 6 3 3K 336343 XK 3%
790 INE 9: IF sm<0O THEN FLOT q
+cm*4. 2, 10+ ABRS sm*2.4: DRAW 0,1
799 REM *¥¥%%XXAXXXXHXRXXX XXX
800 REM plot moons in sky
BO1 REM %% %3363 %% 3 % % 3 5% %% KK 3K KX ¥
810 IF dds<Q THEN FLOT g+ddc*S
.12+ ABS dds*20: DRAW 0,1

820 IF pps<0 THEN FLOT g+ppoc¥*S
0,10+ ABRS pps*20: DRAW 0,1

870 INK 0: RETURN

879 REM %% % %% % %% % % % % % 3% 3 %6 R X X X%
840 REM print moon phases
G411 REM  %%3% %% %% %% %% 3% X3 K%K KX KX
850 FRINT  FAFER O3 INK 73 BRIG
HT 13 AT 20,243 CHR$ (144+ ABS m
1)+" "+ CHR$ (144+m2): RETURN
1999 REM %%% %% % %% %% % %% ¥ % %X XXX KKK
2000 REM UDG moon®s phases data
2001 REM %% 5% 3 % % 3 %5 X 56 36 3% 36 % %% % %
2010 DATA 0,0,0,12,2,1,12,6,3,12
Wb,7,.12,14,15,12,30,31,28,6%2, 63
2020 DATA 6O, 126,127 ,60,126,255,
60, 126,254,556, 124,252,48, 120,248
2070 DATA 48,112,240,48,96,224,4
8,96,192,48, 64,128

TOEG REM %% %33 % 9% % 3 3 3 336 % K %K ¥ %%
2040 REM poke UDG moons

2041 REM 33533 3 33 % % 336 5% 5% % 4% %% ¥
2050 FOR n=0 TO 15: FOR £=0 TO 1
2060 READ p

2070 FOEE USSR  CHR$% (144+m)+f,p
2080 FOKE USR CHR% (144+n)+7-f
P

2090 NEXT f

2100 READ c: FOR x=2 TO 3

2110 FOEE USR CHR% (144+n)+x,cC
2120 NEXT x: NEXT n: RETURN

D1RG REM 355535 %3 % 3 5 335 65 3% % %
2120 REM end UDG moons
QOO REM 33533659 3 5 3 3 K 33 3 39 K36 % %%
99390 SAVE "mars" LINE 1

s

116

o ———— " ————————

- —— - —

Jupiter’s Satellites

In 1609, Galilei Galileo in Italy applied his newly-constructed telescope
(invented by Han Lippershey in Holland the previous year) to the study of
the heavens. His announcements astounded the civilised world but dis-
mayed the Church.

One discovery in particular caused the gravest consternation with the
authorities: ‘the planet Jupiter had four attendant moons orbiting it. ..’ —
proof that not all heavenly bodies encircled the Earth and that the Earth
(and especially the Vatican) was not the centre of the universe. At a time
when science had reached a high pinnacle in Europe, Italy became isolated
from the discussions for many decades thereafter. Today everyone can
enjoy the thrill of discovering the moons of Jupiter with a modest pair of
binoculars, and this program will help you do so.

Despite the modest length of this ephemeris-type program, it is accurate
enough for you to identify and name the four moons for whatever date and
hour you choose. The predictions prove virtually identical to those
published in Sky & Telescope and the BAA Handbook, both authorities on
this type of work.

Chapter 6 The Planets

Plotting the moons

The program has a good display and screen layout, best seen in colour.
Once the program has been keyed inand RUN, the chosen date is requested
of you for INPUT. You then have the option of computing and displaying
the position of the moons for that date at two-hour intervals or for each
day at midnight (0 hours universal time) for a period of twelve days. The
layout (see Figures 6.5 and 6.6) is such that you can see the various moons
‘swaying’ back and forth across the planet Jupiter, fixed in the centre line
of the screen display.

The bi-hourly motion of the moons is quite small but noticeable, parti-
cularly for the inner moons Io and Europa. The daily motion of the moons
(with an INPUT of ‘d’) is very marked in comparison and to help you
identify each moon the ‘configuration’ as it is called, is displayed against
each prediction as a series of numbers plus the letter ‘J’ for Jupiter. The
numbers represent the order of the moons from Jupiter, 1=Io,
2=Europa, etc. Of course from Earth, for which this program computes
the apparent position of each moon, the order of the configuration may
seem jumbled, 132J4, caused by viewing the Jovian system edge-on. A
bird’s-eye view would show all the moons following neat circles about
Jupiter and maintaining their order of 1, 2, 3, 4 from the planet.

Finding Jupiter in the sky

The planet Jupiter is currently visible low in the south-west skies from
Britain and the rest of the northern hemisphere, after dusk and can be seen

117




ZX Spectrum Astronomy

Figure 6.5 |
The positions of Jupiter’s moons for one selected day at 2-hour intervals.
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This plots the moons at midnight fora 12-day period. The daily motion of the moons is much
more pronounced.
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each summer and autumn night for some years to come low in the southern
aspect. (The prospect for the southern hemisphere is even more favoura-
ble.) It is the brightest ‘star’ in that region of the sky — a powerful pair of
binoculars or a small telescope will show the planet as a tiny disc and the
moons in attendance as points of light shifting hourly and daily in time
with your program. If the evening you choose to use this program is cloudy
and you have a ZX printer why not make a COPY — the program contains
this option — against INPUT ‘d’ and save it for when skies clear.

G REM 353555 5 9 3K 33N H NN N
10 REM Jupiter’s Satellites
Tl REM 3533533 33 36396955 36 39 3 % %
20 BORDER O: FAFER O3 INE 9: C

ZO DIM =(Z): DIM t%(5): DIM =%
(30
40 DEF FN z (i)=i-240% INT (i/3
HOD
S0 LET t®="12734J": LET s®=""
60 LET ri= FI /7180
70 LET m$="JanFebMarAprMaydJund
uwlAugSeplctNovDec "
TG REM %% 3% 3 33 36 XX 333 3 A KKK %
80 REM titles/date input
Bl REM 3358333 5 5 5596 35055569 3% 3% % %
70 FRINT FAFER S3i AT 1,1:i"Gal
ilean Satellites of Jupiter”
10O INFUT "Year:s "iyr
110 FRINT @ FPRINT " Year = "jyr
120 LET d$= 5TR$ vyr
120 INFUT "Month (1-12) @ "imh:
IF mh<1 OR mh>12 THEN GO TO 13
9]
140 LET m#%=m% (mh*3Z-2 T0O mh#*3)
150 FRINT " Month= "im$
160 LET d$=d%$+" "+m%
170 INFUT "Day: "sdy: IF dy«1 0O
R dy*%1 THEN GO TO 170
180 FRINT " Day = "idy
190 FRINT " Interval period="j
200 INFUT "hours or days(h/d)"s
as
210 IF a%="h" THEN FRINT "Zhrs
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120

220 IF a% < "h" THEN FRINT "d
aily"

270 FRINT £03 FLASH 13" Date OF

(y/n)": PAUSE O: IF INEEY$ ="n

THEN GO TO 10
240 LET d$=d$+" "+ STR% dy
D49 REM 333K 9 3 W H KKK KKK R
250 REM set up titles
D51 REM %% 35K % % 36 3 33 3363 2 36 300 3 K6 3 %
260 CLS
270 FRINT  FAFER S§% AT 1,1:5"Gal
ilean Satellites of Jupiter"

280 FPRINT  INE 435 AT Z,1i"confi
guration key:"," 1:Io ZrBany
mede"," ZiEuropa 4:Callisto"

290 FRINT  PAFER S5 INE 15 AT X
L 20sds+ (" " AND  LEN d$<11)

Z00 INE &6 FRINT AT 7,1:i"Contfg

I10 PRINT AT 7,275 ("UThr" AND
a$="h")+(" day" AND a% <> "h'"):
INE 2

I20 FRINT  INE 25 AT 7,145 "sout
s AT 14,03"W"s AT 14,Z1:3"E"s A
T 21,145 "north"

! REM %533 5 3 3 3 3% 36 % % % %% % % % 5% % %
REM calc days/leap years
TTEL O REM 5555 % 96 5 35 %36 % 3 3 5 % % 306 % 6 % %
340 LET m=mh: LET y=yr

Z80 IF mh = I THEN GO TO =70

F60 LET m=m+12: LET y=y-1

Z70 LET = INT (y/100)— INT (y/
400)

ETGD REM %35 %36 % % 3 35 K 33 % 3 3633396 % K

80 REM calc julian day

T81 REM 5353533 % 6 9 3 K 33 9 3366 X ¥ %

ZQ0 LET a= INT (Z65.25% (y+4712)
) —2413020

400 LET b= INT ((Z&7%¥(m—-1)+5)/1
2)

4O REM 3% % %% %36 5% 35 35 % 33 3 43 3% %% %

410 REM mainloop:Z2hr/daily int

411 REM  3%% 35536 % 3 3 53 % % 6 363 % 3 6% % %

420 LET hr=0: FOR c=0 TO 12

4720 LET d=dy+hr/24+a+bh—Ff-.5

4G FREM 35553 % 5 % 5 5 5 5 96 % 3 5% % % % % % %
440 REM calc moon positions

Al RN 35965 %% 55K K 332N 2 K
450 LET M= FN z (258.4746+.985600
Zxd)
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460 LET N= FN =z (225.228+, 083085
Zxd)
470 LET J= FN z{(221.647+.5702517
F*d)

48530 LET aa=1.92% SIN (M¥r1)+.02
¥ GIN (ZeM¥r1)

490 LET bb=35.937% SIN (N¥r1)+.1
H7% GIN (Z2%N¥r-1)

SO0 LET E=J+aa-hbb

510 LET delta= SGR (Z28.07-10.40
bH¥x OS5 (Exr1))

SE0 LET psi= ASBN ( SIN (Exr-1)/d
elta)/ril

G930 LET ul= FN z(84.,5506+207. 40
S98&3¥ (d—delta/173) +psi—bb)

D40 LET u2= FN z(41.5015+101.29
1625% (d—-delta/173)+psi-bh)

S50 LET wi3= FN z(109.9277+50. 2754
D169% (d—-delta/173) +psi—~bb)
20 LET uds= FN z(176.2586+21.48
BOZ* (d-delta/172)+psi-bh)
LET = (1)=5,90&6% S5IN (ulx*r1)

LET = (2)=2.3297% S5IN (ul¥rl)
< LET = {(Z)=14.98%% SIN (uZ+rl
}
HOO LET » (4)=26.364% SIN (ud*rl
)

H10 LET x5 (5)=0

G199 FHEM 3% %% %% % % 3 5% % 6 5 5% K 356K % %% %%
HZ20 REM print jupiter/plot moon
ERT REM 53K % % 5 XK KK K e 32K KK KK
&30 FAFER 1

640 FRINT AT c+8,1ix%: AT c+8,
1édy INE &8 "o

H50 FRINT AT co+8,28:

HE60 IF a%="h" THEN FRINT (" "
AND hr<10) ihr

L7000 IF a% <x "h'" THEN FRINT ("
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" AND dy+10):idy

680 FOR n=1 TO 4: FLOT OVER 13
121=4,.5% (n) /2, n+105-c*8: NEXT n
690 FOR o=1 T0O 5

700 LET max=x(1): LET t=1

710 FOR n=2 T0 5

720 IF x(n)xmax THEN LET max=x
(n): LET t=n

730 NEXT n

740 LET s$=s%+t$(t): LET x({t)=-
50

750 NEXT o

760 FRINT FAFER 1i AT c+8,1is%

: LET s$=""

770 FLOT 8,104-c%*8: DRAW 2329,0
780 IF a% <> "h" THEN LET dy=d
y+1

790 IF as="h" THEN LET hr=hr+2
800 BEEF .1,730: NEXT c
809 REM %% % %3 % % 3% 3% 3 3 % 3 % 5 9 3 3 % %% % %
810 REM menu-COFY or RUN

Bll REM %%3%%% %% % % 5% % % 3% 3% 5% 5% 353 %% %%
820 FRINT £03;" FPress c to COFY,
r to RUN": FAUSE O

0 IF INFEY$ ="c" THEN LFRIN
T = COFPY = INFUT "": GO TO B8ZO
840 RUN
QOO0 REM % %% 5% 3 % 3% % 3 5 % 3 3 3 % 3% 3 3333 % %
FP90 SAVE "Jupsat" LINE 1

The Rings of Saturn

Saturn is the most splendid of planets: it marked the boundary of the
known solar system until 1781. It is a cold world — the Sun is no more than
a brilliant star in its skies. But its remoteness has not stopped man from
seeking a closer view, with the highly successful Voyager spacecraft of
August 1981 returning images clearer than were ever possible from Earth-
based telescopes (from a distance of about 900 million miles).

The beautiful ring planet has always impressed people, be they beginners
or experts at the telescope. This program, and the two that follow are
designed to satisfy different interests and demonstrate the graphic
potential of the Spectrum.

The Rings of Saturn probably represents the most accurate computer
simulation of Saturn ever attempted on a home micro. It is possibly even
superior to many mainframe efforts, with the exception of NASA’s Plane-
tary Laboratories.
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It features a full-screen solid image with all hidden lines deleted and the
globe and ring system drawn accurately to scale. The user may tilt the
planet and ring system at any angle up to 90°. If 0° is INPUT the planet is
drawn as viewed directly over its equator with the rings shown edge-on. If
90° is INPUT a polar view is presented with the ring system completely
encircling the planet. You may select a northern or southern aspect for the
tilt. An INPUT of ‘s’ will show the underside of the rings and equator and
visible pole for this aspect.

The sequence for drawing the planet is as follows:
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1) Check image size; rescale if tilt > 43°.

2) Draw globe correcting apparent oblateness for tilt.

3) Draw equator, correcting for tilt.

4) Draw semi-transparent ring system.

5) ‘Trace’ nearest edge of rings across globe according to N/S aspect.
6) Draw Cassini Division through ring system: clockwise for N aspect.
7) Delete Cassini Division if ‘behind’ planet.

8) Plot visible pole position correcting apparent oblateness for tilt.

Using the SCREENS command

The program contains an option to COPY the completed picture to the ZX
printer or to SAVE theimage on to tape with the SCREENS$ command. The
latter is simplicity itself — it is only necessary to press ‘p’ (for picture) and
start the recorder to SAVE the picture you have created. The angle of tilt is
automatically SAVEd in the file name, eg sat —23.4. To recreate the
picture, enter LOAD ‘‘sat —23.4’’SCREENS and the Spectrum will search
and display the appropriate image off the tape.

Saturn and computer simulations

Unlike some uninformed computer presentations of Saturn, the globe is
not circular (except for the polar view) and so the CIRCLE command
cannot be used to draw the planet. This oval (or correctly termed oblate
spheroid) shape is due to Saturn’s rapid axial rotation in 10h 14m (Saturn’s
day) causing the equatorial ‘bulge’ and polar ‘flattening’.

The Spectrum DRAWSs the globe and ring system via the PLOT
command using a rapid ellipse routine. In the case of the globe the reduc-
tion in oblateness from 10% to zero (full circle) is applied progressively
through the change of tilt from 0° to 90°. Similarly the position of the
equator and visible pole are correctly located according to the tilt of the
planet and the oblateness as presented.

As seen from Earth, the appearance of the planet is limited to a max-
imum tilt of 26.73° (Saturn’s axial tilt to its orbit about the Sun) in both
north or south directions plus or minus 0.49°, depending on the relative
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DRAW /3, ~d/3
FLOT OVER 1ix—c,y-d
240 DRAW ©/Z,d/3

250 DRAW OVER 130, 1
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ZX Spectrum Astronomy

positions of Earth and Saturn in their orbits at the time. Thus any tilt in
excess of 28° will represent a viewpoint other than from Earth.

fhe program 260 FLOT  OVER lix+c,y-d

The REM statements show the general structure of the program. In the 270 DRAW —c/%,.d/5

case of DRAWing the globe and rings, it is only. necessary to calculat.e .the 280 DRAW OVER 1 10,1

outline of one quadrant of the ellipse and to mirror this in the remaining 290 NEXT f: GO SUE 460

three quadrants by DRAWing each quadrant sequentially. Such a routine ; DOC M 655K K5I

ensures that the DRAWing is executed rapidly with the minimum of calcu-
lation to slow the program down. In the case of the routine to DRAW the
Cassini Division in the ring system, the program PLOTs one complete to CONTinue"

ellipse and you will note how relatively slow, though satisfying, this proves . =20 PRINT £13 TAE 6:1"s to SAVE
to be. ! "UMaat My STRE zaitUUU": PAUSE O

: IF  INEEY$% ="x" THEN COFY
s INFUT "' GO TO 210

Z00 REM  menu-COFY/CONT/SCREENS
Z10 FPRINT £058"Fress » to CORY,c

QD REM %% 3% 3% 353 % 3 5% 3 33X %3 X% K%K

R ' "y BAVE "sat "+ STR$ = SCREEN$
20 LET sc=1: BORDER 0: FAFER O JbomndkeEen T e E
. > : INFUT "": GO TO 310
: INE 6: CLS ==y BRUN

20 FRINT "Saturn "i CHR% 1273

40 INFUT "tilt(O"i CHR% 1Z0:"t
o 90"y CHR$% 1Z0:")",=z

S0 IF zx4% THEN LET sc=.646

FUEM 33 33636 366 36 36 06 36363 6 36 3636 0 36366 3 36
REM draw oblate globe

FOR f=0 TO 1.4Z0 STEF .019
LET a= INT ( SIN f*r)
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200 DRAW —-c/3,-d/=
210 FPLOT s-c,y+d

.

(W]

60 INFUT "n or s tilt(n/s)"ias% 290 LET b= INT ( COS f%r%*oe)
7(5) LET ob=1.1%z/100 400 FLOT x+a,y+b: DRAW O,-b*2
80 LET oe=.89+(.11%ob) 410 PLOT x-a,y+b: DRAW 0,~h*2
0 IF as="s" THEN LET z=-z 470 NEXT )
1‘:":’_v'f'F‘~'INT TAR 213"tilt="3izi CH 422G [REM %5855 55K 53K X2 XX 2K
R %"'U : . 470 REM draw equator
110 LET e=1/ SIN ((.1+z)/180% F 440 FOR f= FI *.5 TO FI *1.5 S
! ),_. . TEF .1: FLOT OVER 1ix+ SIN f*r,
115 LET p= COS ((.1+z)/180% FI y+ COS f%r/e: NEXT f: RETURN
) I_[F a$="g" THEN LET p=-p G459 FREM 5555 %K KK 3 W 3K KKK KK NN
120 LET »=235/2: LET y=88 450 REM draw Cassini Division
130 LET r=34%sc: LET h=126%*sc 4460 LET cd=2.1
140 GO SUE 260 470 FOR §=0 TO FI *2 STEF .03:
149 REM %%%%EEKEXERKEHHHXXXKEEN FLOT OVER 1lix+ SIN fxr*cd,y+ C
150 REM draw ring system 05 f*r*cd/e: DRAW OVER 132,0: N
160 FOR =0 TO 1.58 STEF .01 EXT f '
17‘5’ LE:I' == INT ¢ SIN f*h) { A7G [REM %5550 533 363 3 X33 5393 3 %% %
180 LET d= INT ( COS fxh/e) 480 REM delete CD behind globe
190 FLOT x+c,y+d 485 IF ABS z:26 THEN GO TO 57
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490 FOR £=0 TO 1.4%2 STEF .01
500 LET a= INT ( SIN f%r)

S10 LET b= INT ( COS f%r*oe)
520 IF a%="s" THEM LET b=-b
530 FLOT x+a,y: DRAW O,b

540 FLOT x-a,y: DRAW O,b

S50 NEXT f

SEG REM %53 % 35 30 KK KK e AN K
560 REM visible pole

570G FLOT  OVER 1iu,y+r¥p*oe

580 RETURN

QGO0 FUEM 363633 % 3 36 33636 3656 % K 3 362 % 3 %
P20 SAVE "saturn”

Saturn’s Rings

This program is similar to the previous one but stripped to the minimum to
produce an outline of the planet and its ring system. It indicates how a
program can be brief and still prove satisfactory. Figures 6.7 and 6.8 are
COPYs of the screen.

Figure 6.7
Saturn with rings wide open.

4 I

Saturn‘s Rings © tilt=28.6"
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Figure 6.8
Saturn with rings edge-on.

- p

S3turn’s Rings © titt=a"
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The program

With this program you can simulate the appearance of Saturn and its ring
system tilted at anychosen angle from 0 to 90 degrees. If 0is ENTERed, the
planet is drawn as viewed directly over its equator with the rings shown
edge-on. If 90 is ENTERed, a polar view is presented with the ring system
completely encircling the planet. Any intermediate angle will tilt the
planet. As seen from Earth the appearance is limited from 0 to 26.73
degrees of tilt in both north and south directions plus or minus 0.49°
depending on the relative positions of Earth and Saturn in their orbits at
the time.

For simplicity, no attempt has been made to delete the ring system as it
passes behind the planet and it is left to you to decide which portion of the
rings is nearest to you. The Spectrum will influence your initial decision by
drawing across the lower section of the globe first.

The Spectrum draws the globe and ring system with the PLOT
command, using a modified Ellipse program (see Chapter 9). In the case of
the globe the reduction in oblateness from 10% to zero (full circle) is
applied progressively through the change of tilt from 0 to 90 degrees.

G OREM %% 5 %% 9 3 3 9 K KK K KWK WK N RN
10 FRINT  "Saturn®s Rings "i
Ll REM 233 % % 5% % 5 6 % 5 % 33 % % 3% %56 % %%
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20 O INFUT "tilt(o": CHR$ 120:3"-
Q0":s CHR$ 1Z0:3'")",=z
40 FRINT "tilt="szi CHR% 1320
S0 LET ob=1.1%z/100
60 LET z=1/ SIN ((.1+z)/180% F
I
70 LET w«=128: LET y=88
80 LET r=20: LET h=70
Q0 GO SUER 180
DD REM %% 3% %% % % % % % % % % % % X X % % K% K5 %
100 REM draw ring system
101 REM %% % %35 % %% 3% %% 3 %3 % %% X% X%
110 FOR n=1 TO 1.6 STEF .1
120 FOR £=0 TO FI *2 STEF .03
130 LET sx= INT ( SIN f*h)
140 LET cy= INT ( COB f¥h/z)
150 FLOT x+su/n.y+oy/n
160 NEXT £: NEXT n: STOF
169D REM 33 % %% 3% 5% 53 9 3 5% 5 5 % % % 35 %% %
170 REM Saturn’s oblate globe
171 REM %33 % %% % % 3 3 % % 0 % 3% 3 5 X% X %% %
180 FOR =0 TO FI *2 STEF FI
/100
190 FLOT INT (x+ SIN f%*r), INT
(y+ COS f*r*(.8%9+(.11%ob)))
200 NEXT F: RETURN
QOO0 REM %% 5% %% % X 3% 5% % % 36 % % %% 6K H % %%
9970 SAVE "satrings!
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Saturn Draw

For the dedicated Saturn observer it is usual to prepare an outline of the
planet and ring system for use at the telescope. The most difficult aspect in
sketching the planet is getting the ring geometry correct. Much precious
telescope time can be wasted in attempting to draw these subtle ellipses — a
test for the most skilled draughtsman. In case those unfamiliar with plane-
tary observation suspect that the following program will obviate the need
to go to the telescope at all, this is not so. There are many subtle shadows
and shadings and divisions in the rings to be recorded — the program is
merely an aid, and great fun even if you are not a telescope enthusiast.

This short program, based on the Saturn Rings routine, is designed for
use with the ZX printer by drawing standard outlines measuring 100 mm
across the ring system major axis for subsequent tracing. Because the ZX
printer cannot cope with this full width, the lefthand edge of the ring
system has been folded.
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The planet can be tilted up to 27.22° and the program accepts 0° to 28°
for INPUT. Negative values cannot be entered and in any case are unneces-
sary as the globe is transparent. Correction for globe oblateness according
to the tilt has been carefully applied and the ring systems represent the
outer edge of ring A (largest ellipse) and inner edge of ring B (smallest
ellipse) respectively. Figure 6.9 is a typical COPY from the program.
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Figure 6.9
Copy from the ZX printer as a standard outline for sketching Saturn through a telescope.

Saturn Draw © tiit=20% \

Computer Aided Design

If you wish to have a permanent record of the appearance of Saturn
through every possible phase over a 294-year orbital period, covering the
axial tilt from 0° to 28°, make the following minor modifications to the
program so that the Spectrum with printer does it automatically. You will
need about 2 m (64 ft) of ZX printer paper for the 29 COPYs.

Amend Line 170 to read:

170 NEXT f: NEXT n: COPY: CLS: LET z=z+1: GOTO 40
Now press
RUN ENTER 0 ENTER

and your Spectrum will make a fine and effortless job of Computer Aided
Design (CAD). The computer is best left to its own devices as it takes about
5 minutes to PLOT each image before it is COPYed. The PLOT time can
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be reduced to about 90 seconds per image if only the outer and inner rings
are drawn, with wider spacing between the PLOT positions. For this, the |

FEM draw eguator
IS X TER B R R R AR Ay

STEPs in the two FOR/NEXT loops in Lines 120 and 130 need modifi- 2 240 FOR f= FI %.5 TO FI 1.5 §
cation as follows: i TEF .13 FLOT s+ SIN fxr,y+ COS f
’ ®p S =

}ig' - SEE (5)4 : 50 NEXT §3 RETURN

. ’ 7 } RE LT E R T R X R R
If you are unhappy with the left portion of the ring system being folded, 9990 SAVE "saturndraw"
then the whole image can be rescaled so that it is contained on the screen, by ;
changing the variables in lines 80 and 90: E Planets through a Telescope
x=255/2 r=60*.9 h = 140*.9 a) How large does Jupiter appear in binoculars magnifying x 10?

5 b) AreMercury and Mars sometimes as small as Uranus in the telescope?

D OREM %3 5% K3 KN RN R i ¢) What range of sizes does Venus appear to be when closest and at its
10 FRINT "Saturn Draw "3 ’ most distant?

L1 REM 5555 552353 530K MM KKK i This program answers these questions and gives an impression of the

=0 INFUT "tilt(O": CHR$ 1303"t relative size of all the planets as seen through a telescope for any magnifi-

o Z8": CHR$ 13Z03")",=z | cation'up to X 300. Included in the printout to the screen is the maximum
40 IF =28 THEN GO TO Z0 ; and minimum size of each planet in seconds of arc and a scaled disc accord-
5O LET ob=1.1%z/100 _' ing to the magnification INPUT. Figure 6.10 is a typical screen copy.
60 PRINT "tilt="izi CHR% 130 =
70 LET e=1/ SIN ((.1+z)/180% F f Figure 6.10

I Relativesizeofall!heplanetsinatelescopemagnifying><123.

80 LET %=11%3: LET y=88 !

1:7::: EE}TC‘B;&?;QLEF =AY i (P Lanet when remote-nNearestX1z3 \
RAR p - ot

106 REM %% 5% 53 % % 3 % % 5 % 5 %63 5% X% %% ' Mercury Ao .
110 REM draw ring system . 5 //C_)\ ]

111 REM  %%% %% %% %% %% % % % % %% % % XXX . . \ }
120 FOR n=1 TO 1.6 STEF .1 venrus 11 o z\/’, &3
130 FOR f=0 TO FI *2 STEF .02 3 .
140 LET sx= INT ( SIN fxh) Mars 3.5 . O 25

150 LET cy= INT ( COS f*h/e) ) o )
160 FLOT x+sx/n,y+cy/n | Jupiter 39 S % AR
170 NEXT f: NEXT n: STOF )

179 [REM %% 3% 3353 5 3K 26963635 H % X %% % Saturn 14 = S ap™
180 REM draw oblate globe ,

181 REM 33555553 3 336 3 352 3336363 X% ; Uranus 3" ) ) .

190 FLOT ©O,y: DRAW 285,0 |

200 FLOT ¢,10: DRAW 0,155 \Nep tune 2.37 . . 2.3
210 FOR =0 TO FI *2 STEF .02 /

220 FLOT  INT G+ SIN f#r), INT ,

;y: COS F*r*(.89+(.11%ob)) )z NE ; outline for each planet is coloured via the conditional INK command in
X

Line 110. This command is matched reasonably well to the actual colours of
- \ W e KK K H K i : : :
DG REM % %% %K% KK KKK KK the respective planets — Mars is red, Jupiter and Saturn are yellow, and so

The display uses a black screen (BORDER 0: PAPER 0: INK 9) and the
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on. In the case of Jupiter, two equatorial belts are added and Saturn has an
edge-on ring system.

The program

The layout of the program is both economical and straightforward, with
the DATA on the planetary diameters, both maximum and minimum,
stored in Line 90. These are READ in Line 110 with variable a for the
minimum diameter and variable b for the maximum diameter of each
planet, using the FOR/NEXT n loop for the seven planets.

The CIRCLE commands in Lines 130 and 140 produce an outline of
each planet immediately the DATA is READ but modified according to
the magnification as INPUT via the variable c. Lines 160 to 250 PLOT and
DRAW the belts and rings of Jupiter and Saturn respectively, and correctly
scaled. The planet names are PRINTed to the screen via Line 40. It is often
more economical to use this simple arrangement than DATA/READ.
Note the three apostrophes (*’’) between each planet name — these are to
give two blank PRINT lines below each name.

Interpreting the results

The results need to be interpreted if the information is to be meaningful.
The program indicates the minimum and maximum size the planets can
appear as seen from Earth through a telescope.

The minimum diameter applies when a planet is at its most remote from
Earth in what is called the far side of the Sun or ‘superior conjunction’ — ie
the Sun is between us and the planet. On these occasions the planet is unob-
servable due to its apparent proximity to the Sun. (This restriction does not
necessarily apply to radio astronomers who could communicate with and
receive data from the Viking spacecraft on the Martian surface during
these periods, the radio sighals being beamed within'a degree or so of the
Sun’s position.)

Best viewing

When the planets from Mars through to Neptune appear at their largest,
they are normally due south at midnight and are seen at their best. Mars’s
orbit is eccentric to the extent that the full diameter is not experienced at
each ‘opposition’ as it is called, ie opposite to the Sun. In the case of Mer-
cury and Venus, these planets are permanently nearer to the Sun than the
Earth and so at times either can appear to pass in front of the Sun’s general
position at what is called inferior conjunction. Again, these two planets are
unobservable due to their proximity to the Sun even when they are at their
closest to Earth and at their largest apparent diameter. On extremely rare
occasions, the silhouette of Mercury or Venus can be seen (with special
equipment only) in transit across the Sun’s disc.
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In general, then, for normal viewing the planets tend to fall into an inter-
mediate size between maximum and minimum. The greatest range of
apparent sizes is for Venus, the nearest planet to Earth. The least range for
Neptune — the remotest planet.

GOREM 3693 3 % 5% 3 3 3K 935 5 963 X 3 X %%

10 REM  Flanets thro“telescope

L1 REM %5353 33 3 3% 39 5 % % 3 3 3K % 3 % %

20 LET d=120: LET e=180: RORDE
R O: FAFER O: INE 9@ CLS

0 FRINT  FAPER Si'"planet when
remote/nearest"

40 FRINT  FAFER 137" "Mercury"®

Z':‘llk/lenLlSll 3 I':‘Il'v'arslli' - IIJL‘piter_ll:'.‘
TtBaturn" T T "Uranus" T 7T "Neptune”
20 INFUT "magnification X"ic

60 IF cx200 THEN GO TO 50

70 FRINT  FAFER 25 AT 0,265"X"
-

B0 REM data=planet diam "arc

20 DATA 4.7,12,11,6%,3.5,26,30
. 48,14,20,7%,4,2.3,2.3 -
100 FOR n=1 TO 7

110 READ a,b: INE S5+(1 AND n>>
AND n<6)—= (3 AND n=3)

120 FRINT AT n*3,8:ai CHR$ =4;
TAE 28ibi CHR$ 34 '
129 REM 3333555 55 36555 % % 3 5 3 3 % % % %
120 CIRCLE d, INT (170-n*24), I
NT (a%*c/500)

140 CIRCLE &, INT (170-n*24), 1
NT (b*c/500) '
150 NEXT n

151 REM %3555 559555 K % 33693 3%
155 REM Jup belts/Saturn rings
160 LET r=c/18: LET wu=c/9

170 LET ri=c/1i1: LET ul=c/5.5
180 FLOT d,73-c/d

1920 DRAW r,0: DRAW —x,0: DRAW O
nC/50: DRAW 3,0 '
200 FLOT d, 50

210 DRAW r,0: DRAW =, 0
220 PLOT &, 50 '
230 DRAW r1,0: DRAW —-x1,0
240 PLOT e, 73-c/d '
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250 DRAW r1,0: DRAW —x1,0: DRAW
0,c/50: DRAW x1,0

DEGREM %9 3% % ¥ 5 3 N MR KN AN KK
260 FRINT £03 FLASH ''press c
to continue": FAUSE O: RUN

QOO0 REM %% % %% 3% 3% %% % % 5 3 % X X K XK K %%
99920 SAVE "plandisc”

Globe-pixel

Since the invention of the telescope and the discovery that the planets are
worlds similar in shape to our Earth, astronomers have sliced up each globe
into the homely lines of latitude and longitude with a north and south pole
and an equator. Of the giant gas planets Jupiter, Saturn, Uranus and
Neptune, only Jupiter and, to a lesser extent, Saturn have such systems of
any practical interest. No positive markings (other than banding of polar
and equatorial regions) have been detected on Uranus and Neptune due to
their extreme remoteness. Only rarely does Saturn reveal any identifiable
markings that are carried across the disc by the planet’s rotation. This
leaves the relatively close (typically four to six times the distance of the
Sun) planet Jupiter. A wealth of detail is visible on the disc in amateur
telescopes but there is a snag.

Jupiter, being a rapidly spinning gas world, has no fixed reference point
— only the constantly shifting cloud top is revealed. Also the rotation of
the equatorial cloud zone is faster than at higher latitudes, and the planet is
distorted from a neat sphere to an oblate spheriod shape. Thus, although a
grid system of latitude and longitude is possible via the Spectrum graphics
which even accounts for the oblate shapes of Jupiter and Saturn, it was not
quite what we had in mind. A journey closer to Earth is called for.

Mars, Mercury and the Moon

The four inner planets from Mercury to Mars (including Earth) all have
rocky surfaces. Only Venus with her permanent cloak of dense cloud is
unwilling to reveal all. To this foursome, the Moon should be added as
Earth’s twin planet. All are ripe for dissection into neat parcels of latitude
and longitude as a globe projection. The two that are of practical interest to
amateur astronomers are the Moon, somewhat obviously, and Mars. Mars
is the only planet apart from Earth where the changing seasons and
rotation-carrying surface markings across the disc can be seen using a
back-yard telescope. The two programs that follow are particularly useful
in converting the normal flat Mercator-type projection of, say, Mars’s
maps to that of a globe — making for easier recognition of features, especi-
ally when displayed in the limb regions, ie adjacent to the disc edge.
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The program

The short Globe-pixel routine can be used to PLOT a globe divided at 10°
intervals of latitude and longitude. Figure 6.11 isa COPY from the screen.
T.he scale of the COPY to the ZX printer gives a 5 cm diameter disc — the
diameter recognised by amateur specialist observers of Mars and Venus for
sketching these planets as basic outlines.

Figure 6.11
Globe accurately plotted at 10° intervals of latitude and longitude.

g.tobe—pixel. at 1e® intervals \

10" P,

The progra-lm uses two FOR/NEXT loops to PLOT each pixel — the z
loqp for the l.mes of lpngitude (vertical lines) and the n loop for the lines of
latitude (horizontal lines). The results are precise and accurate as presented

to the screen and to the ZX printer. The se i ixel i
. paration of each pixel is con-
trolled by the STEPs in the FOR/NEXT loops as follows:

FOR z= .001 TO 91 STEP 10

where STEP 10 is .for each 10° of longitude. Note that although these
STEPs are at precisely 10° intervals, the actual value returned has the
sequential value of:

.001, 10.001, 20.001, 30.001, 40.001, etc.

Adding .001° (l/lOQQ degree or 3.6” (seconds) arc) has no visible effect
on the PLOTted positions but does ensure that the program will not crash

trying to evaluate th ° _ aninfini
form: eSINof 0 aninfinite number. Then loop takes the
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FOR n=0TO PI*2 STEP 1/r*10 (latitude lines)
where PI*2 gives a full circle and STEP 1/r*10 equals a STEP inte{val gf
0.175 from (1/(180/PI))*10 producing the required 10° spacing in

latitude. _ .
The lines of latitude are parallel to the equator whilst the curved lines of

longitude originate from the poles. The latter PLOTting is controlled by
the variable c in Line 60 to produce the curvature in Line 90.

Jupiter simulation

With a very minor amendment to the program it is possible to simulate
Jupiter’s oblate globe — in this case, expanding the equatorial regions apd
leaving the polar or vertical dimensions unchanged. Amend the following

line:

90 LET b=COS n*80/c*1.08
It is the last value in the expression, ie *1.08, that does the necessary expan-
sion. Figure 6.12 shows Jupiter’s shape.

Figure 6.12 ) -
The oblate figure of planet Jupiter shown by reducing the STEP value to 1 in the z

FOR/NEXT loop.

frétobe—Pixet at 19" intervals
a AT A

PR

TOREM %% 3 3 9 K 3R K NN K

I REM Globe-pixel

4 REM %% % % %59 9 3 3 35 3 36 3336 %K

10 BORDER ©O: FAFER O: INE S: C
LS
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20 FRINT  FAFER 1i"Globe-pixel

at 10": CHR$ 1303" intervals

Z0LET r=180/ FI

40 FOR z=.001 TO 21 STEF 10

SOOFRINT  INT =i CHR$ 130

60 LET c=1/ SIN (z/r)

70 FOR n=0 TO FI *2 STEF 1/r*
10

80 LET a= SIN n*80

90 LET b= COS5 n*B0/c

100 FLOT  INE 65 INT (137+h), 1
NT (85+a) '

110 NEXT n: NEXT z: STOF
FFOO REM %% 35 % %K 356 55 5% % 5 %56 % 5 %%
2990 SAVE "globepixel"

Globe Projection

This program DRAWs a globe divided into lines of latitude and longitude
at 10° intervals rather than as a single pixel to mark each division as via the
Globe-pixel program.

This program is not as accurate as the previous routine because it uses
the Spectrum’s DRAW command which, although executed rapidly,
cannot produce the required elliptical lines but only simple arcs. The
largest errors, such as they are, occur adjacent to the edge of the discand in
the polar regions. Nevertheless, the simulation is quite effective and the
user has the option to show either a polar or an equatorial view. The latter
may be tilted up to 12° in a north or south direction. Figures 6.13 and 6.14
are typical COPYs from the Spectrum screen. The REM statements show
the general structure of the program.

G OREM 3K R M M e NN NN
10 REM Globe Frojection
11 REM 3953553 % 53 3 3% 36306 3064 5
20 REM *initial titles
20 RBORDER 5@ FAFER S: CLS :
FRINT  FAFER 4:"Globe E)r'(:)_j ection
C1O"s CHR$ 1Z0:"intl] "
40 LET a=148: LET b=80: CIRCLE
ayb,b
4G REM % 3% 5K 5% 5 3 35 23 H KK 3NN KR
50 REM calc foreshortening
B M % KR MK NN
A0 DIM () DIM y(9)
70 FOR n=1 TO 9: READ yi{n)
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B0 LET #(n)=63%(1.24% ATN ( F1
/ 180%¥n*10.5)): NEXT n

0 DATA 79,75,70,64,56,47,36,2
7.0: RESTORE

QG REM % 9% 3% %% 3% % 3 3 3 X 55 K K 3 I K KX K
100 REM selection

101 REM 3 %% %% 3% % % % % 3% 3% % % % 3% 3K %% %

110 INFUT "polar or eguatorial
(p or e)"ias: GO TO (as="e")*120
+(as="p")*270

119 REM %93 %% 3% % % % 3% % 3 3% 5% 3 3 % % %% % %

120 REM draw longitude arcs

121 REM 333 3 5% 3 % 3 3 56 % 5 3 5 5 3 X 5 % % % %

120 PRINT "I[max tilt=12"3% CHR%
1Z05" 1" "equatorial ;i

125 INFUT "tilt(-s)"sk: IF ARS
k=12 THEN GO TO 135

140 FRINT ki CHR% 120: LET k=k/
14

150 FOR n=0Q TO Z& STEF Z

160 LET f=n—-18: LET g=2.71

170 LET h=g%* ATN ( FI /180%—f%7
v

180 FLOT a,0: DRAW O,bx*Z,h

190 NEXT n

199 REM %% 3% 3% % 3% % % 5 3 % % % % 3 % 3 6 9 %% %%
200 REM draw latitude lines

201 REM % %% %% 5 3% 3 3 % % 5% 3 5 9 3 % % % % % % %
210 FLOT a-b.b: DRAW bh*2Z,0,k
220 FOR n=1 TO 9: LET c=y({n)
2720 PLOT a+1-x(10-n),b+x (n)

240 DRAW c*2,0,k

250 FLOT a+1l-x (10-n),-b+x (n)
260 DRAW c*2,0,k: NEXT n: STOF
269 REM %% % %% % %% % % % % % % % % % %% % % %%
270 REM draw longitude spokes
271 REM %% % %% % % 5% % % % % % % % % % % % %% %%
280 FRINT "polar"

290 FOR n=0 TO 72 STEF 2

I00 LET d=n/Z6% FI : LET z=b* &
IN d: LET yy=b* COS d

310 FLOT a.b: DRAW z.yy: NEXT n
T19 REM %% %% %% % % % % % % % % % % 3% % %% % %%
320 REM #draw latitude rings

138

r—— s v

AP gy

Chapter 6 The Planets

230 FOR ng T %

CIRCLE a.b,x{n)s NEXT n
STOF

¢ FREMT 383 36 33 336 36 363 3 30306 6 96 3636 36 6 e
IO SAVE "globe" LINE 1

Figure 6.13
Theglobecanbedrawn forapolar or equatorial viewpoint. Thelatter can betiltedup to * 12°.

\

Globe projection & 10% intervals
max Lilt=12%3
equatorial -g%

-

Figure 6.14
Polar viewpoint.

(rGtobe progjgection & 310%intsrvals \\
palar
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CHAPTER 7
Star Systems

Our Sun s a pretty average and unexciting star as things go in the universe.
The evolution and survival of life-forms on this planet have depended on
its constant output of light and heat over hundreds of millions of years
without solar fireworks. Also, the Sun is fairly small in star terms and this
bodes well for its longevity. Larger stars have a habit of burning up their
fuel supplies in double-quick time.

Astronomers have a scale called absolute magnitude by which to judge
the true brightness of stars by assuming that they are all the same distance
from Earth. This scale operates at a distance of 10 ‘parsecs’, ie about 33
light years away.

Our sun placed at this distance would only just be visible on a dark clear
night to the unaided eye with an apparent magnitude of 4.7 (see the Stellar
Magnitude program in Chapter 8 for an explanation of apparent magni-
tude). In contrast, the star Rigel in Orion would be magnitude — 7 at this
distance, far out-shining even planet Venus at her best. At the opposite end
of the scale, to show that our Sun is average, the nearest star to Earth
(excluding the Sun) is Proxima Centauri, a red dwarf, and this would fade
from its current brightness of 10.7 to about 15.0 at 10 parsecs.

Our Sun is also fairly conservative in not possessing a companion star to
orbit around — it has a nice family of planets instead. The two are not
mutually exclusive one would assume, but sharing the gravitational fields
of two stars could play havoc with orbital distances and weather prospects
of an inhabited planet. The following short programs enable double and
triple stars to orbit each other — the sort of object that attracts the atten-
tion of astronomers rather than solitary magnitude 4.7 stars.

Tri-star Orbits

This is a modelling program to place two companion stars in orbit about a
central star. The diameter of all three stars can be selected at will and each
may be different. The orbit itself can also be tilted at any angle from 0°
(edge-on viewpoint) to 90° (plan viewpoint). Particularly interesting
orbital appearances occur with fairly large diameter stars (INPUT say 10to
20) and a low inclination of orbit tilt (INPUT say 0 to 20). Here mutual
eclipses of the stars are possible.
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The program uses two FOR/NEXT loops, the f loop to compute the
orbit and the n loop to CIRCLE the star’s image on the orbit. The n loop
uses the OVER command so that each star is first drawn then deleted to
give an impression of movement in orbit. Each star leaves a trail behind via
the PLOT commands in Lines 130 and 140. The central star is only drawn
once via Line 90 and remains fixed for the presentation.

The program

The basis of this program is yet another version of DRAWing ellipses. If
the variable z is omitted from Line 120 (together with the / sign) then each
orbit would be circular. It is this variable, via Lines 30 and 40, which
compresses the circle into an ellipse according to the INPUT value for tilt.
The maximum radius of the orbit is set by variable h to a value of 60. This is
done to avoid the program crashing where an INPUT Of 90° for tilt and an
INPUT of 20 for the diameter of orbiting stars 2 or 3 meant that the
CIRCLE command would exceed the screen limit at top and bottom.
Figures 7.1 and 7.2 illustrate typical orbits.

Figure 7.1
Two smaller stars orbit a massive central star.

a8 )

Tri-star Orbits @ tilLt=3@%
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Figure 7.2
Three stars of comparable diameter with orbits near edge-on.

4 )

Tri-star Orbits @ tiiLt=10%

- J

Lagrangian orbits

The single orbit shared by two companion stars is relatively unstable.
Minor perturbations (gravitational disturbances) will cause a neat system,
with two objects diametrically opposed in the same orbit, to fail. One star
will advance on the other with a fair chance of collision and annihilation or
absorption of the lesser of the two stars.

Having said this, there are in fact two points on an orbit where a lesser
star (or planet for that matter) is reasonably safe from such a catastrophe.
These are called the Lagrangian points. Located some 60° ahead or behind
the other orbiting body, each forms a perfect equilateral triangle with the
central star. As the program stands, only one orbital position is calculated
via Lines 110 and 120. The second star’s position is merely mirrored by
Line 170 with the negative values. Amend the program thus to simulate two
stars in Lagrangian orbits:

111 LET sx1=INT (SIN (f + 2)*h)
121 LET ¢yl =INT (COS (f +2)*h/z)
140 PLOT x—sx1,y —cyl

170 CIRCLE x —sx1,y —cyl1,d3

By adding a value of about 2 to fin Lines 111 and 121, the second body is
advanced in its orbit so as to form an equilateral triangle between all three
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bodies. Obviously the orbit appears compressed for any orbit tilt less than
90° — the plan view.

It should be noted that beyond some asteroids associated with planet
Jupiter and its orbit, we have no evidence of Lagrangian orbits for stars. It
is reasonable to assume that if such star systems did exist, the orbit would
be too large in relationship to the stars’ diameters to have any reasonable
stability and to avoid tidal effects on the stars’ surfaces.

QD REM %% % % % % % % % K KK KKK KK KN
10 FRINT "Tri-star Orbits:"s
11 REM %% %% %% % % % % % 3 3 3 % % 3 % % % % % %
ZO O INFUT "orbit tilt(o"s CHR%
1203 "t 20"s CHR% 120:3")"iz
Z9 FPRINT "tilt="sz3i CHR% 1320
40 LET z=1/ SIN ((.1+2)/180% F
I
SO INFUT "starl diam(1-20)"idl
60 INFUT "starZd diam(l1-20)"idZ
70 INFUT "star3 diam(1l-20)"id3
g0 LET «=128: LET y=8¢
20 LET h=60: CIRCLE #,y.dl
100 FOR £=0 TO FI *2 STEF .1
110 LET sx= INT ( SIN f*h)
120 LET cy= INT ( COS +*h/z)
1720 FPLOT u+su,y+cy
140 FLOT x-—sx,y-cy
150 FOR n=0 T0O 1: OVER 1
160 CIRCLE s+sx,y+oy,d2
170 CIRCLE u-sx,y—cy,dXd
180 OVER ©O: NEXT n: NEXT f
190 STOF
QOO REM % %3 %% 3% 3 3 3 3 % % 5% 3% 3% 3% 3 3 3 % % % %
P20 SAVE "tristar"

Binary-star Orbit

This program is, in comparison to the Tri-star Orbit, a little tame, but at
least it is known to exist fairly commonly for star systems. In fact a fairly
high percentage of stars prove to be binaries and the expression had been in
use long before its adaptation to computer terminology! The sample screen
COPYs show typical results by varying the INPUT of orbit tilt and dia-
meter of the two component stars. As previously mentioned for the Tri-
star Orbits, low orbital tilt and large diameter stars simulate eclipse effects.
See Figures 7.3 and 7.4.
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Figure 7.3
A single companion star orbits a massive primary star.

( )

Binary-star GOrbit@e; Lt=45"
x”—‘\l
,{.\.r"
P

Figure 7.4
Mutual eclipses occur at low angles of orbital tilt.

e | )

BEinard—-star GrbitHritlr=28
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Mutual centre of gravity S _
You will notice that in both programs the central star re;nam: flx_)l(giiv,el\r,x;l?liyn
. N :
i biting star (or stars) is insignifica ver, i
ing that the mass of the or O
onent stars may no
me star systems the mass of the comp . o
::r and so ){mth stars orbit about the common centre of gravity for t

system, as in Figure 7.5.

Two stars of compar able mass orbit around a common centre of gravity marked witha smgle

pixel.

- h

N , —

As such a binary bears a greater relationship to the Tri-st':ljr ?rb.xtthv:;:il;
ificati ian orbit, it is easier to deal w1
the above modification for a Lagra'ngx : e ogram,
modification to the Tri-star Or :
program as a further : T O v 1o, the
i Binary-star Orbit has s
However, assuming that the : :
modifica{ions for orbits about a mutual centre of gravity are as follows

80 LETh=60: PLOT X,y

101 LET sx1=INT (SIN f*h/2)
111 LET cyl =INT (COS f*h/z/2)
121 PLOT x—sx1,y—cyl

141 CIRCLE x—sx1,y—cyl, dl

The PLOT in Line 80 puts a single pixel at the centre off g;avitytf:lrsttl:;
i ital position of the centr
_Lines 101 and 111 calculate the orbita : _
;)::\fve;gifted from a fixed point. Thelast value, 2, controls the orbital radius
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of the central star. Try other values from 1 to 5 and see the ef fect created. A
value of less than 1 (eg 0.7) will make the former central star orbit further
out than the so-called outer star. Beware that the orbits are still contained
on the screen, otherwise the program will crash.

G OREN 5% %5 % 5 55569 X 9 X33 3K
1O FRINT "Binary-star Orbit:';
L1 REM %5355 %% 5300 8K 36 % 369 53
ZQCINFUT "orbit tilt (0" CHR$
IZ05"to Q0" CHR4 1303") iz
SQOPRINT "tilt="izs CHR$ 130
40 LET z=1/ SIN ((.,1+z)/180% F
I
S0 INFUT "starl diam(1-20)":d1
GO0 INFUT "star? diam(l-20)vs5ge
7OOLET x=128: LET y=88
O LET h=&60r CIRCLE u,v,dl
0 FOR £=0 TO FI *2 STEF .1
LOO LET sx= INT ( SIN f%h)
1O LET cy= INT ( COS f#*h/z)
LZ20 FLOT w+su,y+oy
140 FOR n=0 TO 1z OVER 1
1350 CIRCLE si+sy,y+oy,ds
170 OVER O NEXT n: NEXT f
180G STOR
FAOO T REM 5 553 36333636 3% 33 % 73336 3 36
990 SAVE "binary"

Spirals
I wouldn’t want to suggest that the following short programs have any
strict relevance to astronomy. Mainly, I want to find a use for the spiral

graphics the Spectrum produces so easily! There are three areas where such
shapes do have some connection with astronomy:

1) Spiral form of our Milky Way galaxy.
2) Some exotic binary stars losing matter to space as a gas trail.
3) Shadow of an eclipsing binary traversing space.

Eclipsing binary shadow

The basic Spiral program could well mimic the third option for the eclip-
sing star Algol (the Demon Star) in Perseus. Here a fainter companion
eclipses the brighter star every 70 hours as seen from our direction in space.
Algol is about 100 light years away so we do not see these events instantly
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but 100 years and some 12,500 eclipses later. The inte.rvening space
between Algol and Earth is separated at 70 light hours distance by this
‘shadow event’ in one continuous spiral as if from a giant LP record
centred on Algol. The program depicts only the first five sweeps of the
shadow event in the vicinity of Algol to a distance of about 15 light days at
hourly intervals. .

The program (in Figure 7.6) also poses an interesting paradox concern-
ing the finite speed of light (and any physical form) at 300,000 l'(m/s. As
the orbiting of Algol’s companion is constant, like the revolutions of a
record, then the velocity of the shadow event on this disc, away fi rOfn the
centre, will soon exceed the speed of light by a factor of thousands in the
vicinity of Earth. Thus although light has a finite speed it would appear
that a shadow (the absence of light) can move at infinite speed. Or can it?

Figure 7.6

spiral ©

1 PRINT “"spirai ©
2 REM Mavric

f=9 TO PI¥iG® ETEP .05
18 FOR N E4

20 PLOT 140+5I @*fr102,80+C
0 [%4Bxf /20
4@ NEXT f
Spiral galaxy

The programs Twin Spiral (Figure 7.7) and Twin Spiral 2 (Figure 7.8) could
well represent the spiral form of many galaxies — the largest knpwn
objects in the universe. Only two ‘arms’, as they are called, are depicted
and some galaxies may have many more.
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The program is identical to the first of this series, Spiral, except that a
second line of PLOTting (for the second arm) is included in Line 30. Note
that the SIN and COS values are now negative, causing the second spiral to
be PLOTted 180° from the first spiral.

The PLOTting is controlled by the FOR/NEXT f loop for five orbital
sweeps (PI*10) with a STEP value of 0.05. Changing the STEP value will
alter the PLOTting interval. In Twin Spiral 2 the arms are more widely

spaced by halving the values applied to variable f in Lines 20 and 30 in the
form:

SIN ... f/5and COS... /10

By having the second value (10) double that of the first (5), the spiral form
is displayed as if inclined to the observer where the major (horizontal) axis
is twice that of the minor (vertical) axis. Try amending these proportions
with perhaps a larger or smaller number in the form:

COS ... f/(new value)

This must be done with identical values in both Lines 20 and 30. Some

permutations may cause the program to crash by attempting to PLOT
beyond the screen confines.

Figure 7.7

twin spiral ©

1 PRINT "twin spirat "
2 REM Maurice C-‘-a\c.ig

1@ FOR f=@ TQ PI¥i@ STEP .@as
20 PLOT 140+5IN Fsd4Q3 . 8e
sté*éf*F/EB fri@,88+C

O7 14@-SIN fFz4@ -
OS F24P#f. 20 ek et
48 NEXT f
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Figure 7.8

twin spirat 2 &

T “twin spiral 2 @"
.%.’ gggN Maurice Gavin

OR f=@ TO PIx1® STEP .85
%g SLOT 142 +5IMN F$¥40%f/5,80+C0

s Oxf 10 A :
554PCOT 14D-5SIN fx40xf/5,50-C0
S f#40xf /10
4@ NEXT f

Stargas Spiral

The last of this series (Figure 7.9) performs precisely as the Twin Spiral
program but has been rewritten in a neater form. Two small CIRCLEs are
added to represent a close binary system spraying matter into surrounding
space as the stars orbit each other in violent conflict. Our knowledge of
such possible events has not been witnessed at first hand but has'been
deduced by analysis of the spectrum (with a small's you will note!) via the
spectroscope on giant telescopes. You could give this program a little more
realism by using as a direct command before RUNnng:

BORDER 0: PAPER 0: INK 2: CLS: RUN

You can also add a few coloured fireworks to the point of the gas trails
origin between the two stars with an additional line:

12 PLOT INK RND*9; a,b

As this line will affect the whole character square containing the two stars,
these will appear involved in the action too.
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Figure 7.9

stargas spiral ©

: i ‘) S

1 . I

. -\"N.._.-" [

~.. s ..r
1 PRINT "stargas spiral ©"
2 REM Maurice Gavin
Z LET 2=148: LET b=S0
S CIRCLE a+&8.,L+2,3
6 CIRCLE a2a-3,b-53,3
i@ FOR fF=G T0O PIx10 STERP .0S
1% LET xXx=5Ir {x40xf
36 LET y=LDE fFzxa4G=xf
20 PLOT a+X/5,b+y- 10
30 PLOT a-xXx/5S,b-4y. 10
4@ NEXT f

Galaxy

This program enables the user to simulate the probable appearance of our
Milky Way galaxy as seen from intergalactic space. It uses an inverse video
type of presentation (BORDER 0: PAPER 0: INK 7) and appears almost
photographic in clarity. The screen COPYs, Figures 7.10 and 7.11, are
mere shadows of the screen effect.

The program

The user may tilt the galaxy at any angle from 0° (edge-on) to 90° (plan
view) via the variable t. The program itself is divided into five sections as
the REM statements indicate. It may be of interest to expound on these a
little, starting with the galaxy DRAW routine from Line 100 to 150. Here
two FOR/NEXT loops PLOT the stars to form six spiral arms in Line 130
and the galactic centrein Line 140. The constant use of RND in this PLOT-
ting produces a clumping effect of star distribution which is known to
exist. The actual length of the FOR/NEXT n loop is controlled by the
variable tt (which in turn has the initial value of t — the INPUT tilt) and
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Figure 7.10
Our Milky Way galaxy almost €
within the small circle on the right.

dge-on. All the stars seen from Earth (without optical aid) are

ﬁ i hi chw
= @ LY radius Fron_x Sun &
tgkgg Z25M years to O bit galaxy

§219%%  sceede——
kl = & FRSATATRS

Figure 7.11

The galaxy’s spiral arms become evident as the system is tilted.

" 1 hich
= LY radivs from $un, w9 W
(O52992,5h years to orbit gataxy
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limits the total number of stars PLOTted in this section. Effectively, at low
angles of tilt fewer stars would be seen because of the intervening dust
between them, so few stars are actually PLOTted.

The next sequence from Line 160 PLOTs the haze of ‘globular clusters’
that form a spherical shell which orbits the galactic centre. Each pixel
represents hundreds of thousands of stars.

Screen comments

This section from Line 220 is used to punctuate the PLOTting with PRINT
comments for each sequence. Notice how each PRINT line is the same
length, 32 characters. In this way it is not necessary to delete the previous
PRINT comment but simply to overPRINT it with the next. Line 230
locates the PRINT statement as a separate GOSUB routine.

The final sequence from Line 270 indicates the immensity of the universe
by CIRCLEing a 2000 light year radius about the solar system (which
would be totally invisible to this scale). But a telescope on the planet Earth
can see up to 15,000,000,000 light years into intergalactic space with a
collecting surface only 200 inches across (Hale Reflector). This is the
equivalent, on a typical screen presentation of this program, of seeing over
20 miles in all directions from your TV set, from a subatomic particlein the
small circle centre right. The subatomic particle would be about 0.000 000
000 000 01mm diameter!

GREM 5 5 % % % 353 3 %3302 33X %
10 REM Galaxy
Tl REM #9533 3 3 300 9 3 6 3630 3 36 36 36
20 BORDER O FAFER Oy INK 7
- CLS ¢ LET z=73: LET u=148:
LET wv=80

TG OREM %% K K K KKK W N W W N KK

40 REM selection & titles

Gl REM %% 555 % % 5 59 %3096 % 33X KK

S0 FPRINT AT 20,05 "Galaxy "™ "ti
Tt="4%3 INFUT "O"3 CHR$ 130:i"to 9
oty CHR$ 12305t

HO FRINT ts CHR$ 1204 TAR 935"

100000 LY =M LLET tt=t

FO OPLOT 76,%: DRAW  OVER 15143
O B0 SUR GO OSUE 240

80 LET t=1/ SIN ((.1+t)/7180% F

I
B9 REM 5% % %% % 3 3 33 H K % ¥ 33 RN %R
0 REM draw galaxy

DL FEM 390 33 36 36 3 3 9 3 K 3 3 e
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100 LET g=4+1/t*6

110 FOR n=1 TO tt/10+2

120 FOR =1 TO =

130 PLOT u+f*( SIN £)+ RND *q.vy
+f% COS f/t+ RND %qg-2 . _

140 FLOT u+f% SIN £/4+ RND %I,y
+f% CO5 f/6+ RND *2
150 NEXT f: NEXT n
159 REM %%%%% %% %% %% X% X %X KX XK XX
160 REM draw globular clusters
161 REM EP A R A R . ke Sk
170 GO SUB ZZ0: GO SUEB 250

180 FOR f=1 TO =z .
190 FLOT #-~10+f% SIN £+ RND.*éu
y=10+f% COS f+ RND %203 NEXT F
200 60 SUR 230: GO SUR 260

210 STOF @ REM end
D1G REM 3% % %3 336 3 3 336 %K% 3 5 K50 K3 K
220 REM screen comments

D] REM %3353 % 3 MK KN NN RN
230 FRINT AT 0,0:3: RETURN
240 FRINT FLASH 13" galactic o
entre % spiral "arms”": RETURN
250 FRINT  FLASH 1:" surroundin
g globular clusters " RETQRN
260 FRINT  FLASH 13" 0=2000 LY
radius from Sun whichtakes Z2Z5M
years to orbit galaxy" .
DG REM %% %% %% % % % 3 % %5 35 X6 % %% %KX
270 REM draw 2000 LY circle
D71 REM %% %53 % % 3 % 3 % 5 5 3 3 3660 K % % % 5
280 CIRCLE FLASH 1ix+52,y.72
290 RETURN
GO0 REM 3555 % 33 5 3 K 33K KKK AN X KK
9990 SAVE "galawxy"
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Starcharts are the stock-in-trade of the practical astronomer and, for sheer
volume of numbers of stars recorded, the Spectrum (or the sane user of any
micro) could not hope to compete. For example the Tirion Star Atlas
2000.0 (referred to as simply Tirion throughout this book) plots over
45,000 stars and deep-sky objects. This almost exceeds the pixel content of
the Spectrum screen. Bearing in mind that a starchart is 99% empty space,
the task for a Spectrum user is considerable as all the stars in Tirion can be
seen with only 10 x 50 binoculars. A small telescope can reveal millions!

The user of starcharts in microcomputer work should concentrate on
techniques of handling data or rapid paging of results for display rather
than precise accuracy of plotting of huge numbers of stars. The programs
that follow are aimed in this direction.

Starmaps (48K Spectrum only)

Drawing starmaps is in itself not the most fruitful occupation for your
Spectrum. You would be better off consulting a good book, like Norton or
Tirion. Furthermore, atlases like these have much higher positional accu-
racy and graduation of dot size against stellar magnitude than is possible
onany micro or even minicomputer. This disregards all the other DATA of
star names or codes, variable stars and deep-sky objects from the Messier
and New General Catalogues which would clutter up the screen display and
make it incomprehensible.

Nevertheless, the instant display of a selected, if simple, starmap can
prove satisfying: as an astronomer, I feel that there is a need to challenge
the abysmal quality of some published efforts in this area.

Perhaps more importantly, this program demonstrates a technique for
handling and using DATA stored in CHRS arrays for starplotting.

In its final form, you can select by number (as indicated in Figure 8.1)
from one of three options to display any one of 30 named constellations as
star patterns, all correctly orientated (north at the top, east on the left) ona
large scale. The sky coordinates in RA and Dec for the centre of the screen
are displayed together with a scale in degrees.
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Figure 8.1
Starmap options selected by number.

~
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Figure 8.2

Aquila, the first of 30 constellations, shown full size. The ZX printer normally gives a
negative image of the screen display.

r quai la
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Constlettiaconse & starmaps

I Aquita 16 Draco

2 Capricornus 17 Orion

3 Lucra 15 Cassiaopaia

4 SCaofpius 19 Leo

S Delgphinus 2 Canis Major

6 Cygnus 21 Ursa Majgor

7 Sagsitts 22 Carvus

8 Hercutes 23 Gem:ini

Q Sagsittarius 24 Hydra

189 Perseus as Uirgo

11 Pegasus 26 Andromeda

12 Rursiga 27 Cancer

13 Boates 28 Libra

14 Taurus 29 Serpens

1S5 Carcna Bar 3@ Cetus
31 spring stacwap
32 summer starmap
33 auvtumn stacmagy
34 winter stacmap
35 skymap

/

east

soulb

west

U

Alternatively, you can display a starmap to a reduced scale of all the
constellations visible during any one of the four seasons, with each con-
stellation named as it is PLOTted.

The final option is a complete starmap of all 30 constellations containing
all 310 stars in one panoramic strip of sky. The reduced scale of the latter
highlights the limited screen resolution mentioned in the introduction to
this chapter, but the results are still pleasing.

COPYing the screen

The starmaps are shown in inverse video by use of a black sky (PAPER 0)
with white stars (INK 9, contrasting with the PAPER tone). An option to
COPY the screen to the ZX printer is also included but of course the
starmaps appear as negatives — black stars on a white ground. It is best to
accept a COPY in this form because quite frankly the ZX printer cannot
handle atrue INVERSE presentation, which in the case of a starmap would
be 99.9% solid black! With the ZX printer in mind the starmaps have been
outlined and both the monochrome and colour presentation to the screen
have been fully considered. Sample COPYs of the starmaps are shown
adjacent, in Figures 8.2, 8.3, 8.4 and 8.5
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Figure 8.3
A complete starmap of 30 constellations and 310 stars. Ursa Major (the Plough) is top centre
and Square of Pegasus extreme left.
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Figure 8.4

Starmap for winter with Orion lower centre and Leo (the lion) extreme left.
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Figure 8.5

Starmap for summer with Aquila centre left and Square of Pegasus extreme left.
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Constellation recognition

No attempt has been made to distinguish between stellar magnitudes with
different dot sizes but a method of so doing is explained later in this
chapter. The limiting stellar magnitude for these starmaps is about magni-
tude 34 to 44. To go any fainter would vastly increase the DATA and
clutter the screen. The order in which each star is PLOTted is intended to
aid recognition of that particular constellation. But because the Spectrum
only takes about one second to PLOT a typical constellation, this may be
too quick for some eyes! To help you, a ‘slow’ button can be pressed to
slow the action down.

Starmap projection

Some slight distortion is inevitable in converting the spherical sky into a
cylindrical projection for these starmaps, but it is only evident if constell-
ations close to the north or south celestial poles are included (I have
deliberately excluded these). The constellations included tend to favour
visibility from the latitudes of Europe and North America and extend from
Ursa Major (the Plough), Draco and Cassiopeia all centred about + 60°
declination north to Scorpius about — 35° declination south. About half
of all the constellations between these two extremes are used in the pro-
gram. There are 88 recognised constellations in the sky — about two-thirds
of these visible from Britain.

Preparing the program
Because the amount of DATA to be used by the full starmaps program is
extensive, it has been split into two parts.

The first part is called Star Loader, and handles the entry of thexand y
coordinate positions of 310 stars, the constellation names and the central
coordinates of each starmap so that they can be jigsawed together in the
composite starmaps. The second part of the program is called Starmaps
and RUNs on the DATA entered in the first part of the program.

Before proceeding with the programs themselves, some explanation of
how the DATA is prepared may be enlightening. This will enable you to
make modifications to the program if you wish, perhaps adding even more
constellations. It involves sketching, in the simplest terms, the constell-
ations to be portrayed. The Spectrum plays no part in this aspect of the
work, but a star atlas will be necessary.

Sketching the constellations
The method of preparing the DATA for each constellation is as follows:

1) Mark on a sheet of graph paper a grid measuring 0 to 63 horizontally (x
coordinate) and 0to 43 vertically (y coordinate).
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2) Mark the centre of the rectangle with a ‘ +’ and note on the sheet the
name and coordinates of the selected constellation.

3) Trace from a star atlas the selected constellation and transfer it to the
graph paper by filling the complete square nearest to each star. Check
that the grid lines on the star atlas tally with the graph paper without
excessive rotation of either.

4) Number each star and list the x and y coordinates from the graph paper
as a four figure number, eg 4327.

5) Enter on to the sheet a single letter to CODE the total number of stars
used in each constellation — A = 1,B = 2,to Z = 26.

Star DATA

Be sure to note that the x (horizontal) coordinate comes first in item 4. Do
not transpose the two halves of this number otherwise that star will be
wrongly located on the starmaps. With so many stars to be PLOTted, an
incorrectly located star may be difficult to find, especially if the user is
unfamiliar with the star patterns of the sky. Even for the experienced
astronomer caution is the byword in this initial preparation. Figure 8.6
shows a typical sketch used in this program and executed in the manner
described above.

Figure 8.6
g
<]
<]
o
>
43 Aquil o
0 quila + =ral9.50 dc + 02° (centre of screen)
- co=1] .
6m
Star x y Sm
1=2315
30, im
=1 2=2925
3m
3=
3128 2m
4 = 3331
200 5=4636 + =8
6= 4837 u’
7=3018 lm
10] 8=4020 89
9=14610 = l0
10 = 48 08
o| Starplottersketch pad MG’83
° Is I B3 15 3 I8 &lx coords
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Note that the coordinate position taken from the star atlas for the centre
of the screen and for each chart prepared is a five figure number, including
the decimal point, for the RA (horizontal axis) and a three figure number,
includinga ¢+’ or ¢ - prefix, for the Dec (vertical axis). The degree sign is
not included in the latter. In the example shown for the constellation of
Aquila (the Eagle) the RA of 19.50 indicates 19h 50m and the program in
Line 1090 converts this to hours plus decimal hours and finally, in Line
1140, to degrees by multiplication by 15. Thus 19h 50m = 19.8333h =
297.5°. The RA cannot exceed 24.00 because 24.00*15 = 360°, acomplete
circle.

The Spectrum is of course capable of a screen resolution of 256* 176 pixel
points whereas the charts have only been prepared to a 64*44 resolution. I
have found this to be fully adequate.

The RA are stored in the a$ array and the Dec in the b$ array for use
without further computer manipulation in the titles for each large
starmap. Also it is more economical on the computer memory to store
DATA this way and avoids complex formatting to convert the alternative
numeric array into CHRS for display. In the initial testing of this program
both numeric and CHRS arrays were tried for DATA storage and I noticed
that the program ran 10% slower using the CHR$ storage. This means that
acomplete skymap of 310 stars took about 44 seconds to PLOT rather than
about 40 seconds, which I consider acceptable, bearing in mind the
advantages.

Starmaps 1: Star Loader

Key in the Star Loader program and check that it matches the listing pre-
cisely. Before entering all the DATA on the 30 constellations and 310 stars,
a few test RUNs are advised to be sure all is well. It should not be necessary
to test all 30 constellations, so amend the variable z in Line 2020 to read
LET z = 2 and RUN the program. This will allow the first two constell-
ations (Aquila and Capricornus) to be entered from the DATA in Figure
8.7.

The program is well error-trapped and also BEEPs when the keyboard is
touched or DATA is entered so that you can concentrate on the task at
hand without constant reference to the screen display. A couple of test
RUN:Ss, perhaps including few fictitious numbers, should show if all is well.
You should note that the program incorporates a SAVE and VERIFY
routine for those perhaps new to the Spectrum. This will ensure that all
your efforts are not lost by inadvertently pressing the wrong key.

LGG REM %55 35535 5K 3634 533K KM%
2000 REM Star Loader Frogram
BOOL REM %55 % %% %% % %5556 % %% %K XK H K%
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2010 LET

z$="": FOEE 23609,100
2020 LET z=3
n

T0: REM %320 t:(:)nstelin

2030 DIM (z,11): DIM a%(z,3):

: DIM c%(=,17.,4)

2040 FDR n=1 TO =

2050 CLS @ INFUT "name of conste

llation no"s(n),t$: IF LEN t$>x1
1 THEN GO SUR 223Z0: GO TO ZO30

2060 LET n$(n)=t$: FRINT t%

2070 INFUT "RA=7": LINE t%$: LET

e= VAL t%: IF e<0 OR e »= 20 THE

N B0 SUR 223I0: GO TO 2070

2080 LET a%(n)=t%: FRINT "RA"it%

2090 INFUT "Dc=7"3: LINE t$: LET

e= VAL t$: IF ABS e »= 0 THEN
G0 SUR 2220: GO TO 2090

2100 LET b$(n)=t%: FRINT "Dc":it$
2110 INFUT "co=7"3 LINE h$: IF
CODE h$—643:17 THEN GO SUR Z22Z0:
G0 TO 2110

2120 LET z$=z%+h$: FRINT "co"ih$
2130 FOR f=1 TO CODE h%$-64

2140 INFUT (F):"=7"5 LINE t%
21472 LET el= VAL t$( TO 2)

2145 LET eZ= VAL t$ (3 TO )

2150 IF els0 OR 240 0OR el:6Z OR
e?:47% THEN GO SUR 2E230: GO TO
2140

2160 LET c$(n,f)=tss FRINT (" "
AND f<iO)sfiv="it$: BEEF .1,-10
2170 NEXT f: BEEF 1,1

2180 INFUT "Data OK?(y/n) or sto
p % save(s)"iqg$

2190 IF g$="n" THEN GO TO Z030
2195 IF g%="s" THEN GO TO 99790
2200 NEXT n: FPRINT £0i FLASH 13"
List complete": GO TO 2990

2230 FPRINT £03 FLASH 1i"Error':
BREEF .5,30: FAUSE 100: RETURN
980 REM PRV Rk LT
9990 SAVE “"starmaps"” LINE 2050
P91 REM %% %% 3% % %3 % 3 3636 3 3 3 K %% 3 %X %%
9992 BEEF 1,1

9995 FRINT £0:"rewind tape:play
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to Verify': VERIFY "starmaps"
994 BEEF 1,1

Entering the DATA

Firstly amend the variable zin Line 2020 to read LET z = 30 — this is vital
— and RUN the program. Work progressively through the DATA in
Figure 8.7. All 30 constellations do not have to be entered in one session but
can be spread over two or three sessions at the computer if so desired.

The option to SAVE the program, with the DATA just entered, occurs
on Line 2195 when key ‘s’ is pressed. Following a successful SAVE, the
program then invites you to rewind and play the tape to VERIFY. A BEEP
occurs on successful SAVE and VERIFY. If it does not, then enter as a
direct command GOTO 9990 and repeat the SAVE and VERIFY routines
until the ‘OK’ message appears on the screen. To LOAD the program from
tape for the next session of DATA input, enter as a direct command LOAD
‘“‘starmaps’’ and play the tape. On successful LOADing, the program
automatically goes to Line 2050 ready for the next constellation to be
entered.

If for any reason the program crashes, enter as a direct command GOTO
2050. On no account should you press the RUN key or give a GOTO
command to aline number less than Line 2050. If this is disregarded, all the
DATA not SAVEd on tape will be lost or overwritten. When all the DATA
has been entered and finally SAVEd and VERIFYed, the next part of the
program can be dealt with.

Starmaps 2

Key in the second part of the program — called Starmaps — and amend
Line 9990 to read:

9990 SAVE “‘starmaps’’ LINE 1

This will ensure that, when the program is SAVEd and subsequently
LOADed, it automatically starts by going to Line 1. The new portion of the
program handles the display, selection and PLOTting of the starmaps.
When you’ve checked that the listing is satisfactory, enter as a direct
command GOTO I to start the program. On no account must the RUN key
be pressed to labour the point.

The program

The REM statements show the general structure of the program. The
actual PLOTting of the starmaps is split into two parts:

1. The selected constellations to a large scale.
2. The seasonal and annual starmaps.
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Figure 8.7

DATA for Starmaps program.

1 Aquila S5 Delphinus g9 sagittarius 13 Bootes 17 Orion —— e
RA1S.50 RAZB.S4 RA18.50@ RALS. @S RARS . 55 R &g 1ador
Dcirl2 Dc+13 D -26 Dc+29 Dci@l Dc+54
co=Jd co=F co=M co=J co= 0 =N

1 = 23315 1 = 3524 1 = 2233 1 = 5704 1 = 32239 i = 2727
2 = 2925 2 = 3724 2 = 2629 Z = S405 2 = 3852 2 = 8419
3 = 3128 3 = 3622 3 = 2720 3 = 4787 3 = 3933 R = 3122
4 = 3331 4 = 3922 4 = 3029 4 = 3819 4 = 4327 4 = 3as54
S = 4636 S = 4817 S = 3122 5 = 2828 5 = 3715 S - 1856
& = 4837 8 = 3716 6 = 2E16 6 = 2634 6 = 3916 S - 4157
7 = 30818 9 2 2 /6----—-=—————-—= Z = 3420 7 = 3338 T = 43117 7 = 1226
8 = 4020 &6 Ccygnus 8 = 4023 8 = 4135 & = 4535 & - Saas
9 = 4610 RA2G.48 a = 4529 o = 4122 a - 4>as S =Sk
1@ = 48@8 Dc +35 1@ = 461S 1@ = 4223 10 = 354 18 = 6227
e ——— co=X 11 = 4126 2000 | eedme e e e 11 = S223 11 = S7i@

Capricornpus 1 = 3433 12 = 4010 4 Tauvuys 12 = S§3=22 12 = S6e9

RA21. 2 = 2312 13 = 41@6 RA®4 . 45 13 = S429 13 = 431@
Dc-18 3 = 3117 2 o —mmmmmm—mmm——— Dc+15 14 = 381m 14 - 3314
co= 4 = 3826 18 Perseus £o=0 IS = 5527 000 e -
1 = S128 S = 4933 RAG3.SS i = 1429 1€ = 5432 22 Corvus
2 = S228 6 = 4719 Dc+40 2 = 124w 17 = 5337 RA12.406
3 = 5825 7 = S5S5i19 co= 3 = 3423 — il e i S 8, e W e e e e Dc-17

4 = 4210 8 = 4135 1 = 3188 4 = 372@ 18 Cassiopeia te=

s = 4@e8 9 = 40836 2 = 3813 5 = 44820 RAG1.2@ = 3422
§ = 3510 "> s3gitts 1 5 = 3923 Dc+59 3 = 3521
7 = 2614 7 Sagitta 4 = 3522 7 = 3824 co= 3 = 3412
8 = 2715 RA2G.1= 5 = 3629 & = 5726 1 = 2729 4 = 4215
9 = 2418 Dc+18 6 = 4032 9 = 532 2 = 3123 S = 431
180 = 2321 co = 7 = 4432 & = S853 3 = 3724 & = 4020
11 = 2@22 1 = 3623 8 = 4537 11 = 5133 4 = 3819 2 0 lmmmmmmmmm e — e
12 = 3521 2 = 4022 9 = 4740 12 = 4716 S = 4@18 Gemini
________________ 3 = 4220 19 = 442% 13 = 5913 6 = 4114 RAG7 .40
3 L 4 = 4321 11 = 4515 14 = 6612 7 = 4622 DC"I‘Eé
RA1IS.12 = mmmmmm—m——————— 12 = 4616 15 = 4607 T co

Dc+36 8 Hercules i3 = 293@ | L i5 a £

co=F RA17.38 = ——mmm—— Corona Bar RA11.028 >

1 = 4126 Dc+28 11 Pegasus RA16.15 Dc+15 3

2 = 3924 co= RRAR23.0S Dc+28 co = 4

3 = 3827 1 = 3681 DCc+16 co= 1 = S534 =3

4 = 3523 2 = 3617 co=J A = 4526 2 = 5237 &

S = 3417 3 = 4126 1 2 = 4723 3 = &4S32 7

6 = 3718 4 = 4726 2 3 = 4520 4 = 4427 8

------ T L : $ %l s a5 :

4 Scorpius = 4 = & = 481E 1o
RA17.10 Z = De42 S & = 3720 7 = 5315 1

Dc-34 '8 = 5112 =) 7 = 3624 & = 411z 1z

co= g = 54889 7 = 6112 1 e e e e Q = 2625 —_—

1 = 5839 1@ = 3534 8 36 Draco 12 = 2621 24 Hydra
2 = 5137 11 = 2621 9 RA1E.38 11 = 2314 RAR3.SS
3 = 5238 12 = 2324 10 Dt +6@ 12 = 2407 Dc-18

4 = S434 13 = 23286 = | 6 ——e-——m————-—-- co=N 13 = 1429 co=

5 = 5429 14 = 2823 12 1 = 36@7 e 1 = 6e4d
6 = 5425 RADS .S 2 = 3715 20 Canis Major 2 = 68356
7 = 47Z2@ Dcata 3 = 4113 RAG7.1 3 = S837
8 = 2423 £ 4 = 4209 Dc-24 4 = S640@
8 = 4237 1 = 4v94 S = 2828 co=h S = S741
1@ = 371S 2 = J®8is & = 2430 i = 25612 6 = S440
11 = 3686 3 = 3227 7 = 28632 2 = 3i1ie 7 = 4736
12 = 3186 4 = 3541 8 = 3435 3 = 3412 8 = 4122
153 = Z465 5 = 4529 3 = 3437 A = asig 2 = 3313
14 = 2118 6 = 4726 1@ = 3836 S = 4727 1@ = 2816
15 = =@15 7 = 4722 11 = 43Z& 6 = 3929 11 = 2617
16 = 241S g = 4533 1 g = 3619 12 = 231e

= 2 = a b = S22 3 =

17 = 25i5 1 C 2388 zeae 1 131e
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A1 REM 5% %% % % % % 5% % % 5% % 5% % 3 %% %% %
70 FOR n=1 TOQ z: FRINT AT n—<(
3 OAND nEj), 0+ (3 AND mEids (" " AN
——————————————————————————————————————————————— D nal1O)ims™ "sing(n): NEXT n
virao 27 Cancer 29 Serpens - e o R - . .
2RA15-82 £ReSs. S50 RAIE. 00 B0 FRINT FAFER 13 AT 16,33"31
Dt +O8 DC:!? DT+ e ~ino"iter AT 17 T ) r' "
co= P io; R gofﬂsase SPrr1Ing . # -~ oy Jaaan SUIMMEr
1z 2758 2 = 3337 2 = 3536 ates AT 18,75 "327 avtumn"sits: AT
2 - 2533 i = 2o1s 4 = 5732 19,35 34 winter"st$: AT 20,33 PA
s = 3327 858 = 5 = 51 iy ol g e R
& Z 3828 38 Libra 3 I 35579 thwqiNFJTEL¥mﬁps "select b
= = 3 ¢ . TR .
; = SS524 RA1S5.32 S = gﬁg?_ . " o : | - - ] :E_EL. —‘-y no
_______________ DE-19 38 Cetoe -- sme: IF m<l OR m>1 THEN GO TO 9
26 Andromeda co=G 2 e tus
RABG1 .25 1 = 3921 RAD1.42 0
Dc+38 2 = 4726 Dc-84 N T _— P,
co=K 3 = 3838 §°=an11 100 FRINT £035 INE S:i'"plot fast
. = 1 = 33 i . g .
3 =288 S = 4215 2 Z 2333 or slow (f/3)": FAUSE 0: CLS : L
3 = 2818 % I 3ees 3 - Tost ET pa=l: IF INKEY$ ="s" THEN L
S - 2223 s = 1227 ET pa=50
6 = 4614 § = Sg;; = AL
Z = 4031 & - 2922 LOG REM 3535 %55 3 5 3% 3% 355 5 4 36 X 3% 3%
.9 = 443 28 o S235 110 REM *goto seasonal starmap
11 = 3@39 ié = g;?é LLL REM %9655 3 3 % 3 36 36 5 5K 3 336 56 36963 % %

120 IF m>*>3Z0 THEN GO TO m*10
129 REM 355 %% 3 9 3 3% 3 3 5 3 % 3 3 33 % % 9% % %
1Z0 REM *single constellation
TE1 REM 355 %5556 3 36 3 363 5% % 9% % 3% % %% % %

In selecting a constellation (INPUT 1 to 30 inclusive) the variable in Line
170 (LET sc = 4) effectively enlarges the scale by a factor of 4 so that the

constellation fills the screen. Options with an INPUT of 31 to 34 inclusive 140 FRINT " "sn®(m):" +=RA": a
have an additional variable called x1 which has different values via the $(m):" Dc"ibs(m): CHR$ 1303 AT 1
conditional GOTO in Line 120. Variable x1 selects one quarter of the 1, 15:; TN 4_' TN )
complete skymap of 30 constellations for presentation. The skymap — 150 FRINT  INKE Z3 AT 1,133 "nort
INPUT option 35 — has a complete wrap-around effect horizontally ot ;' AT 11,13"east"; AT 11 L0758 e
through 360°. The variable sc is set to 1 for the seasonal starmaps and 0.52 st"s AT 20. T:vsouth”: GO SUB 12
fortheannual skymap. Watchin Line 90 that you enter correctly ‘m> 1’ and 10 )
‘m< I’ — the second is lower case ‘L’. 160 FRINT INE 43 AT 20,13"< s°¢
i CHR% 1205 " ="
170 LET sc=4: REM *scale=large
G REM %5350 33233 H KN 175 FOR n=1 TO CODE z%(m)—64

10 REM Starmaps 180

11 REM %% %% % 3% %5 35 3 9 % 5 % 3 936 % 3% % %

20 BORDER ©O: FAFER O INE 2: C
LS ¢ DIM e$(Z2): LET G=100/60 ' 195 DRAW BRIGHT 131,1: DRAW 1,

O FRINT  FAFER Si" Constell ~1: DRAW —1,-1 '
ions % starmaps ! T 200 PAUSE pa: NEXT n

40 LET t4=" starmap" DO REM 35 % 5% %5 5 3 3 3% 5K % % 56 36 3 3 K K

50 LET j=15: LET 1=I5 210 REM *COFY or Menu

E09 REM %% % %% 5% %35 % % 3 % % %% % K 6K %% D1 REM 9% 9% % %3 % 3 5 3 K336 536 63 3% %

6O REM #initial display/select 220 FRINT £035 FPAFER 55 INE 93 "F

LET dx= VAL c$(m,n, TO 2)
183 LET dy= VAL c%$(m,n,2 TO )
190 FLOT duxsc,dy¥*sc
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ress c to COFY, m for Menu
205 REEF .6,40: BEEF .1,30
230 FAUSE O: IF INEEY$ ="c" TH
EN  COFY @ INFUT "": GO TO 220
240 GO TO 20
299 REM 36 3 M e K I K N H N K I K K H N R KK
00 REM *conditional goto
TOL REM % %% % %3 %5 36 6 3 363 3 360 3 % X X%
10 FRINT " spring"ité,: LET x1
==y GO TO 1000
20 PRINT " summer"ité,: LET x1
=5 G0 TO 1000
30 FPRINT " autumn"it$,: LET x1
=1Z: GO TO 1000
240 FRINT " winter"sts,: LET x1
=-11: GO TO 1000
50 FRINT " Annual skymap:due s
outh at 9pm": LET hi=1350: LET sc
=.572: LET X1=5: GO TO 1030
GG REM  %%% %% %% %% %% %K XX F A KERXXX
1000 REM #plot seasonal starmaps
1001 REM %% %% 3% % %% % 55 3% % % ¥ H K XX K
1010 LET sc=1: LET hi=30 _
1020 FPRINT "< 285"% CHR$ 130;??“;
FAFER 43 AT 21,0:i" east horizon
south horizon west": GO TO 1060
1030 FOR n=17 TO 21: FRINT FAFE
R n—-16%5 AT n,0se%: NEXT n
1040 FRINT AT 16,0:3" autumn su
mmer spring winter "
1050 FOR n=1 TO Z: FLOT n*64,40:
DRAW O, 10: NEXT n
1060 GO SUR 1210: FOR f=1 TO =z
1070 FPRINT £0in% (£)
1080 LET =zu= VAL a%$(f)
1090 LET zu+(zv— INT =) /6
= VAL b$(f)

A
g ==

1100 LET y=

1110 FOR n=1 TO CODE =%(f)-64
1120 LET dx= VAL c$(f,n, TO 2)
1130 LET dy= VAL c$(f,n,3 TO )

1140 LET = (1% 15-x*20+280+dx) *
SC . .y - oeee
1150 IF nl=13 AND xx»480 THEN L
ET nuu=xux—-480

Chapter 8 Starcharts

1160 LET wy=(y*l,5+hi+dy) *sc
1170 IF G 0OR wx 285 0R yyaQ O
Fowy =175 THEN GO TO 1190
L1799 REM %55 %% %55 K5 XK 5 2 6 %% %X X %R ¥
1180 FLOT xx,vy: REM plot stars
1181 REM %55 % 5% % 56 % 0 % % % 3 % 39 %5 % %%
1190 MNEXT m: FAUSE pa: INFUT "":
NEXT +: GO TO 220
LLED FEM 35535 55 336 % 6 3 36 3 3 3% % %
L1200 REM *draw box around *map
L2001 FEM %% %% 9 % 5 % 36 36 %5 3 % 969 3 36 % % %%
1210 FLOT ©,0: DRAW O, 175: DRAW
295,01 DRAW O,-175: DRAW 255, 0=
RETLRMN

Constellation Plot

The Starmaps program demonstrated a technique for entering star pat-
terns directly into DIMensioned arrays via INPUT. This method is advisa-
ble if many constellations and stars are to be included. The Startrax
program later in this chapter (using two constellations with few stars to
PLOT), holds the star positions in a CHRS$ as numerics for slicing.

This short program shows two additional methods for PLOTting star
patterns using DATA and in CODE form in CHRS. In both these methods
the information appears in the program listing and is easy to manipulate.
See Figures 8.8 and 8.9.

Method 1: DATA store

This is the conventional way to store DATA and is described adequately, if
briefly, in the Spectrum Manual. DATA can only be called into use by the
READ command and, once READ, can only be re-used with the
RESTORE command. In this particular program the DATA is READ and
immediately PLOTted and so the RESTORE command is not needed.

However, when the program STOPs (with the error message ‘integer out
of range’ — this will be explained later} try restarting the program with
GOTO 1. The program will not restart — an error message ‘out of data’ is
displayed because the DATA was not RESTOREd. Enter RUN, and the
program will do just that as this command automatically RESTORE: the
DATA. Thus the DATA/READ/RESTORE sequence must be given
some thought especially for long programs where various DATA may be
used in different orders.

In the Constellation Plot program, the DATA is in Line 40 and repre-
sents the summer star pattern of Lyra (the Harp) with six stars, each with
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| Figure 8.8 an x and y coordinate position. This means 12 items of DATA. In addition
Lyra PLOTted via DATA and READ. the corners of the display are also PLOTted to indicate the scale. This is the

sequence of DATA that appears as:

0,0, 63, 43,0, 43,63,0
tyra scale=4 -
via DATR/RERD This makes a total of 20 items of DATA. The final, 21st, item of DATA is

the number of stars and corner positions to be PLOTted and this is held as
the first figure in the DATA sequence (ie 10).
Line 90 READs the first item of DATA (10) and the variable c sets the
length of the FOR/NEXT n loop in Line 100 for all the PLOTting. Line
‘ 100 also READs the x and y coordinates from the DATA and these are
* PLOTted in Line 110, each coordinate value multiplied by 4, the value of
the variable called ‘scale’ (which I will explain later).

Method 2: CHR$ CODE store

This method is in many ways more elegant than a DATA/READ
/RESTORE sequence and relies on the sophisticated string slicing ability
of the Spectrum. It does however need care in the selection of a suitable
\. -/ range of CHR$ from the Spectrum CHRS$ set and some confusion can occur

in published listings as to which CHRS$ is intended. You may need to refer
to the Manual to be certain.

Figure 8.9

Lyra PLOTted via CODEd CHRS$ (shown in the display). The ASCII character set

The Spectrum uses the ASCII character set, and any CODE between
CODE 32 (blank space) and CODE 127 (copyright sign) can be used conve-

\ niently. The range of CHRS could be extended to include the ‘chunky

—

yra scate=23
3
e

2% codes graphic’ set from CODE 128 to CODE 143. The ‘chunky graphic’ set, the
Ok @rO@i ZgXg [cWbBER copyright sign and CODE 96 (the ‘£’ sign) are not actually part of the
ASCII set but can still be used in Spectrum programs in CODE form and
. printed by the ZX printer — although not necessarily by other printers.

In a star PLOTting program with a screen resolution limited to 64 hori-
zontally and 44 vertically (a quarter of the Spectrum’s potential, as men-
tioned in the section on Starmaps) a maximum of 64 CODE:s is sufficient
. for the requirements. CODE 34 — the quiotation sign (’’) — cannot be used
s " within a string array so it is best to assume CODE 35 — the hash sign (#) —
is the minimum useful CODE. It does however make life much easier if the
upper and lower case letter CODEs are used — a total of 52 CODEs. As
these can form the bulk of the string, they prove much easier to identify
readily and to accept the balance of required CODEs both from between
the upper and lower case letter set — CODE 91 to CODE 96 — and from
\ . . / above the lower case letter CODEs to CODE 127 as the ASCII

hieroglyphics.

4<r
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The selected CODEs which I usually use and which are demonstrated in
the program are from CODE 64 (@) to CODE 127 (©) inclusive. These are
converted into numeric x and y values in Lines 270 and 280 thus:

LET x = CODE a$(n) — 64
LETy = CODE a$(n+1) — 64

By deducting 64 from each CODE, a range of values from 0 to 64 is pos-
sible:

CHRS @= CODE 64 — 64 = 0to
CHR$ © = CODE 127 — 64 = 63

Il

This represents the horizontal or x coordinate position. The range of
CODE:s for the vertical or y coordinates would be:

CHR$@ = CODE 64 — 64 = 0Oto
CHR$k = CODE 107 — 64 = 43

From Line 200 the program demonstrates the PLOTting of the Lyra star
pattern using the CODEs contained in the characters of the a$. The a$
contains 21 characters encoding precisely the same information as in the
DATA of Line 40 used exclusively in the first part of the program. The only
difference is that the first character of the a$, ie “T’, has an effective value
of 20:

CHRS$T = CODE 84 — 64 = 20
and this is used in setting the length of the FOR/NEXT n loop in Line 260:
FORn = 2TO CODE a$(1)— 64 STEP 2

where n has a value sequentially of:

2,4,6,8,10, 12, 14, 16, 18, 20

via STEP 2 for the x coordinate value in the a$. Thus the y coordinate value
is extracted by the odd numbers of the loop:

3,5,7,9,11, 13, 15, 17, 19, 21

in the form ... CODE a$(n+ 1) — 64.

Scaling the screen image

It is often useful to change the scale of the star pattern on the screen and the
variable called ‘scale’ is used to do this. In the first part of the program
using DATA, and before PLOTting the star positions, this variable is set to
avalue of 4 so enlarging the separation of the star images to fill the screen,
particularly the corner markers. In this second part of the program the
scale is initially set to a value of 3 and this is amended, once the FOR
/NEXT n loop is completed, in Line 310:
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LET scale = scale — 0.5: GOTO 230

The GOTO 230 sends the program around the FOR/NEXT n loop again
and again until the program crashes with the error message ‘integer out of
range’, because the scale of the image is now too large to be PLOTted on
the screen.

But before it crashes the Lyra star pattern is seen to shrink in size, in
progressive steps, to a single pixel in the bottom left corner of the screen
before enlarging again. The current value of the scale variable is displayed
at the top right of the screen and it will be noted that constantly deducting
0.5 from this variable (initially set to a value of 3) will, after six repeats of
the nloop, go to negative values and increase the image size again. Thus the
scale variable can have negative values as well as positive values and the
PLOTted results appear similar.

Preparing starcharts

For an explanation of preparing the starcharts before transfer to a
Spectrum program, refer to the Starmaps program earlier in this chapter.
Let it suffice here to say that, if it is intended to use characters to CODE the
star positions, then the graph paper should be marked on the x and y axes
with the CHRS$ rather than numeric values. Use the selection of CHR$ with
CQODE 64 to CODE 127 for the x axis and CODE 64 to CODE 107 for the y
axis as explained above.

More constellations

This program only demonstrates how to PLOT the star pattern of Lyra —
one constellation. If more constellations are to be PLOTted then hereis a
simple way to handle and select the DATA without entering the informa-
tion into DIMensional arrays. As it is much easier to select a given constell-
ation via CHRS in string arrays, the explanation will be confined to this
method.

The CHR$ CODEs used in Method 2 above are combined with the condi-
tional selection, used in the Startrax program later in this chapter, from a
series of constellations all similarly named — in this case a$. Thus after
each constellation has been sketched on to graph paper and converted into
astring of CHR$ CODEs, these are entered into the program between Line
200to 210as an a$. Each a$ must be followed by a conditional statement so
that the program may look something like this:
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. Y ”» 20
201 LETa$=“T..ccevvrnnnenn :IFb$(1)=““A” THEN GOTO 2
202 LETa$=“L......... 7 IF b$(1) =D’ THEN GOTO 220
203 LET a$=“‘R........... ».  JFb$(1)=“C” THEN GOTO 220
204 LET a$=“R........... ».  [Fb$(2)="‘“u” THEN GOTO 220

The constellations supposedly represented are, in order, (A)quila (10
stars), (D)elphinus (6 stars), (C)ygnus (9 stars) and A(u)riga (9 st.ars). Note
how the conditional GOTO in Line 204 selects the second letter_, ie §$(2), as
lower case ‘u’ in Auriga to distinguish it from b$(1) in Aquila.m ng 201.
The first letter in each a$ CODEs the number of characters immediately
following it, which are represented by full stops. The only p.rogram amend-
ments are the deletion of Lines 20 to 130 inclusive and Line 310 and the
addition of Line 150 (INPUT b$) to select your constellation to PLOT.

D REM %% %% % % % % % 6 % 3% % X % 36 X % KK ¥ K

16 REM Constellation Flot
11 REM  %%%% %% %% %K % % %K% % K%K KX R ¥
20 REM £1 DATA store

£2 string array (a%)
DG REM 3% 3 3K % 30 KK IR K
Z0 REM plot via DATA store
T REM %% 9% % 9 %% 3 3 3 K KKK KN KK
40 DATA 10,0,0,63,43y0,43,&3,0

J41,26,39,24,39,27,35,23, 34, 17,7
7.18 B ]

50 BORDER ©O: INE 7: FAFER 1: C
LS

&0 LET scale=4

70 FPRINT "Lyra","scale="igcale

80 FRINT "via DATA/READ"

20 READ c

100 FOR n=1 TO c: READ x.vy

110 FLOT x*scale,y¥*scale

120 NEXT n

1320 FAUSE 100

199G REM 333353 3% 9 3% 3 3 533 36 54 396K % K%
200 REM plot via a% CODES
D01 REM 3% 555 % 33 % K 36 35 3 3 % 4 K6 %%
202 REM i
210 LET a$="TrRE@k@ka@iZgXglcWbi!
eR"

220 LET scale=3

270 PAUSE 100: FAFER 2: CLS

240 FRINT "Lyra","scale="iscale
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250 FPRINT "via a% codes"
260 FOR n=2 TO CODE a%(l)-&4 5
TEF 2

270 LET w«= CODE a%(n)-64

280 LET y= CODE a%(n+l)-—-64

290 FLOT x¥scale,y¥*scale

Z00 NEXT n

210 LET scale=scale-.9: 60O TO 2
0
QIO M 33635 335 3633 53 K 3336 X 3 %
P70 SAVE "starplot"

Stellar Magnitudes

Stars that we see in the sky vary enormously in brightness — by a factor of
over 100: from brightest to faintest. The programs in this book generally
omit such differences for the sake of simplicity, and use a single pixel to
PLOT each star on, for example, the Starmaps program. There are two
basic ways to distinguish these stellar differences on the Spectrum screen
and the three routines which follow can easily be incorporated into
programs.

The first method relies on PLOTting additional pixels to form a larger
image: the second uses progressively darker shades of INK to PLOT the
pixel. Obviously the latter is only suitable for a monochrome presentation
and the star positions must be sufficiently well separated so as not to occur
in the same character square (as this will only support a single INK
colour). Nevertheless the second method has the merit of realism (in mono-
chrome) in that the star images remain small. The third method combines
the first two — again this is only suitable for monochrome but has the
maximum potential of brightness range.

1: Extra pixel plotting

Key in and RUN the Star Magnitudes 1 routine in Figure 8.10, and the
screen is filled with star-like images that get progressively smaller down the
screen as a regular grid. Each star is PLOTted initially only as a single pixel
but is enlarged by the conditional DRAW routines that immediately
follow. This takes the form of a FOR/NEXT n loop and stars that are
PLOTted first (with the lower n values in their PLOT position) are condi-
tionally dealt with as:

IF n<3 THEN DRAW 0,1

IF n< 6 THEN DRAW 1,0
IF n<9 THEN DRAW 0, — 1
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2: Colour tone (in monochrome) plus extra pixel plotting

Amend Star Magnitudes 1 to Star Magnitudes 2 (Figure 8.12) and RUN it.
IS If a colour set is used for the display then the colour control should be
o adjusted to a monochrome picture. This then shows how the INK tone
considerably extends the apparent range of star brightness, particularly for
53530 BORDER @: PAPER 21: INK 9 fainter stars. The limitations of such a scheme are mentioned earlier in this

@ LET z=0 section.
ggge FOR n=1 TO 12 .
355 REM Bplot star position
3268 PLAOT Z,ni—.‘:.@—_-;.SB _ _ _
265 REM Bdraw birightesl staq
Zp7@ IF n<3 THEN I?RRU 0,1 .
3975 REM Bdraw bright star Figure 8.12

5085 REM Bdraw tess t-rié:h_t stars
ggg@ IF n2? THEN DRRU ©.-1
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Figure 8.10

300® PRINT “star magnitude
59019 REM Busing extra pixe
30208 REM by Maurice Gav:in

e~

Zpas REM Bother stars=1 pixal
Zi@@ NEXT n_ R — S@P@ PRINT “star magnitudes 2 @
z2@@ LET z=z+2@: GO 7T Sece S81@ REM Bising extrs pixel plat
+ colour tone{in mwoneo?
202 REM by Maurice Gavin
. . 3R3@ BORDER &: PRPER 1: INK Q9
Figure 8.11 shows precisely how each image is PLOTted and then DRAWn. Z04@ LET z-@ o .
ivel i iti ine — in each S85@ FOR n=1 TC 12
Only one extra pixel is added by each conditional line — the value 1 in ea 251 INK O-n 2. REM WMink tone
DRAW statement. 3055 REM Belot star pasitian
3I@8€@ PLOT T .nxi@-158&
365 REM Bdraw brightest star
3270 IF n<3 THEN DRAW &,1
S9is SEmeremckragnl Sigr
g S i ixeli i Shown here 8 n< i 13 e
Using conditional DRAW statements lqenlargeasmgle plxehnloabnghter star. N 5@55 REM Bdraw lecec bri "‘h t star
in four steps. Because the individual pixels are not easily seen at normal viewing distances 5395 IF n<& THEN DE\‘R‘ _‘E' n
from the TV, the image just appears enlarged. 2AQS REM BWother sta rg =§ ‘w 3\. el
Z1I@@ NEXT n
328 LET T =x+2&: GO TG 3I®S®
PLOT/ SCREEN
DRAW RESULT
! v
) _ T 3: Colour tone (in monochrome)
PLOT (single pixel) Tm: H The third version (Figure 8.13) is prepared by deleting all the conditional
H - DRAW lines in the second routine before it is RUN. A practical version of
IF n <3 THEN DRAW 0,1 jEEOC : this routine, for incorporating into a longer program (with the limitations
T already mentioned), would take the form:
IF n< 6 THEN DRAW 1,0 B "
1
T PAPER 0: INK 9: REM dark tone most stars = INK 2
IF n < 9 THEN DRAW 0, -1 o FORn = 1TO 12
H HH IF n< 6 THEN PLOT; INK 8 — n; x(n), y(n): REM bright stars

IF n>5 THEN PLOT; INK 2; x(n), y(n): REM faint stars
NEXTn
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The relative brightness of the stars are controlled by the expression

INK8-n

for the first five stars (n< 6) and would have INK tone values of 7, 6, 5, 4,
and 3 (representing, in INK pixel colour white, yellow, cyan, green,
magenta respectively). The remainder of the stars (n>5) would have an
INK tone value of 2 (INK pixel colour red). It is possible to extend the range
to include an extremely faint star by using an INK tone value 1 (INK pixel
colour blue) but on a black sky (PAPER 0) a single pixel may be
undetectable.

Figure 8.13

3ee® PRINT “star magnitudes S ©”
3212 REM B colour tonelin mono:
2928 REM by Maurice Gavin

3a3a BORDER @: PAPER 1: INK 9
334@ LET =

3845 BRIGHT 1: REM Broost tone
JISY FUOR n=1 TO i2

3851 INK 9-n~-1.5: REM Bink tone
30SS REM B lol star position
3060 PLOT Z.n¥1@-1506 .
3865 REM brxghtest star =10kK7,E
3875 REM bright star =i1nk5.&
30385 REM on bright star=ink3,=
3095 REM faint stars =ink 3
33100 NEXT n

3200 LET Zz=x+208: GO TO Sese

Starcharts with magnitude control

To incorporate any of the above routines into a longer program, you will
need to take care in the order in which you PLOT each star. The brightest
stars should be listed first and so on in decreasing order of brightness. If a
particular constellation has no bright stars it is necessary to repeatedly
PLOT the same star before PLOTting the next star, until the correct INK
tone is used. This means that more apparent star positions will be listed
than finally appear on the screen.

To satisfy the above condition with the first method (extra pixel plotting)
then the PLOTting may have to include more conditional statements so
that a particular constellation skips some of the extra pixels that otherwise
would be DRAWNn. This could take the form:
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FOR n = 1 TO 30: REM 30 constellations

FOR f = 1 TO (no of star positions) STEP 2

PLOT x(n,f), y(n,f+1) : REM x,y = star coordinates

IFn=5AND f=1THEN GOTO XXXX : REM skip DRAW routine for
constellation no 5, star 1

IF f<3 THEN DRAW 0,1
IFf...

NEXT f: NEXT n (NB line XXXX)

Star Graphics

This short demonstration program shows how more complex shapes can
be constructed for incorporating into starmaps. These images would repre-
sent the brightest stars to be displayed and as such should have geometric
forms.

The program

The program is divided into three parts as indicated by the REM
statements. The first part to Line 7 copes with the selection of images
numbered 1 to 4 via the INKEY$ command in Line 3. Line 8 contains two
GOSUB commands — the first is conditional on the selection:

GOSUB 100 or 200 or 300 or 400

in the form GOSUB a x 100 where a equals the VALUE of INKEY$ from
Line 4. At the appropriate GOSUB line, the selected star form is PLOTted
and DRAWn according to its shape. The program then RETURNSs to Line
8 for the second GOSUB (GOSUB 1000).

The third and final section of the program from Line 1000 uses the
POINT command to scan the star image just PLOTted and enlarge it for
easy viewing. Two FOR/NEXT loops are used (n and f) to cover the tiny
area of the screen adjacent to the x and y coordinate positions of the small
star image. Lines 1010 and 1020 take the form:

1010 IF POINT (x + n,y + f) = 1l THEN PRINT ... “[l§’’ ie CHRS 143
1020 IF POINT (x + n,y + f) = O THEN PRINT ... ““:’ ie CHRS 58

If POINT equals a value of 1 then PRINT a solid INK square character
(ie a pixel is PLOTted at this location). Conversely, if POINT equals a
value of 0 then PRINT a colon (ie a pixel is not PLOTted at this location).

Line 1020 is not really necessary to define the star shape but it does help
to locate its relative position by marking the unPLOTted points. The pro-
gram then RETURNS for the next selection.
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Further star shapes can be included in the program, starting at Line 600
in steps of one hundred (700, 800, 900, and so on). This is to satisfy the
conditional GOSUB in Line 8. The value 4 currently setin Line 3 and Line 5
should be amended for each additional shape included in the program. The
final statement in each new PLOT and DRAW section must conclude with
RETURN.

It is useful to sketch the new star shapes on squared paper before
committing them to the program but it is not essential. You can simply
start witha PLOT x,y condition and then add DRAW commands (prefera-
bly with quite small values — certainly no greater than a value of 6) and
RUN the program to test the new design. If it is unsatisfactory then change
it. The aim should be to contain all the new design within the portion of the
screen scanned by the POINT command and displayed in enlarged form.

Incorporating results in a starmap program

A subroutine virtually identical to this program could be incorporated in a
starmap program to represent some of the brighter stars. Only Lines 100 to
499 (plus any extra lines for your own designs) are required in such a
subroutine together with some control lines to make the subroutine work.
These would be in the main program area dealing with PLOTting the stars
and could take the form:

star PLOTting routine where x and y are star coordinates.

IFn = 1 THEN GOSUB 400 : REM mag 0 star = brightest

IF n = 2 THEN GOSUB 100 : REM mag 1 star

IFn = 3 THEN GOSUB 300 : REM mag 2 star

IFn = 4 THEN GOSUB 200 : REM mag 3 star

Ifn> 4THENPLOTx,y :REMmag< =4star = faintest

This assumes that n is the name of the FOR/NEXT loop PLOTting the
star positions. It must of course match the one used in the particular pro-
gram. It will be noted that the stars numbered 1 to 4 in the above loop are
assumed to be in descending order of brightness but that the GOSUB con-
dition need not be in the same order, as can be seen in Figure 8.14. All stars
numbered > 4 are PLOTted as a single pixel and represent the faintest stars.

These conditional sample lines shown above are only one example of
what could be used in the program. The permutations are endless. Suppose
for example that the first three stars are to be magnitude O (the brightest) in
each constellation of the starmap and the next two stars of magnitude 1,
then the routine would read:

IFn< 4 THEN GOSUB 400 : NEXT n : REM mag O stars 1 to 3

IFn< 6 THEN GOSUB 100 : NEXT n : REM mag 1 stars 4 and 5
If n = 6 THEN GOSUB 300 : REM mag 2 star 6
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Figure 8.14

Typvical shapes to represent brighter stars on ¢
_clamy. The POINT command, via two FOR/NEXT |
images to the left of each sample which are used in the

Star graphics 1 tg 4=1

Stac graphics

Star graphice X 3 4=5
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omputer starmaps. Shown enlarged here for

oops, is used to scan the actual (tiny)
final starmaps.
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and so on through the sequence as required. Note that the first two co(;x:el;
tional lines must include the statement NE).(’.F n so thflt .thg program
not proceed beyond that line until the condition is satisfied.

FOEM %% 5 3 3 3 X 0 0 6 H X XXX HHHX
FRINT "Star graphics "i:
FEM %% %% 3% % %% % K K K % XXX XX XX

3

= PRINT "1 to 4="3 INKEY®

4 FAUSE ©O: LET a= VAL INEEY$

5 CLS @ IF ax4 THEN RUN
&H LET w=99: LET y=80
7 FRINT AT 0,21ia& ) o
8 G0 SUB ax100: GO SUR 1000
9 FPRINT AT 0,05: GO TO 1
10 REM P I K K e A T NN KN
100 FLOT ®,y: DRAW 2,? .
110 DRAW 2,-2: DRAW -, —a
120 DRAW -2,Z2
199 RETURN o
200 FLOT x,vy: DRAW O, L
210 FLOT x%+1,y+1l: DRAW —=,0
299 RETURN
OO0 FLOT x.y: DRAW 1,1
%10 DRAW 1,-1: DRAW —1,-1
399 RETURN )
400 FLOT x.vy: DRAW %,U )
410 PLOT x+2,y—2: DRAW O, 4
4720 FLOT x,y-2: DRAW 4,4
470 FLOT 2, y+2: DRAW 4,-4
440 FLOT OVER 1an+2,y
4.5 q 9
;;z EE;UET**********f***f%ff*:*
1000 FOR n=0 TO 5: FOR ¥=U“T9 JT
1010 IF  FOINT (H+n—1,y+f~L)i; ,
HEN FRINT AT 10+F, 16+nNn3 CHR
4= o
g FOINT (p+n—1,y+f-2)=0
;Eél éEINT AT 10+f,16+N: CHR%
8 -
D2C f: NEXT n: RETURN
égag EE;T***********************
9990 SAVE "stargraf”

-
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Flashing Stars

There are two basic ways to make a star (a single pixel) flash ‘on’ and ‘off’
using the OVER command, and this can be useful in highlighting a particu-
lar point in your programs involving starmaps. You have the option of the
star remaining visible or disappearing at the end of the flashing sequence.

Routine using two FOR/NEXT loops to flash a star

The following one-line routine demonstrates the principles using two
FOR/NEXT loops. The ‘f’ loop controls the number of flashes and the
n’ loop acts to switch the OVER command on or off (1 or 0). Itis necessary

to include a brief PAUSE (PAUSE 10) to make the flashing obvious other-

wise one is left with no more than a rapid flicker. It will be noted that the n

loop finishes with a value of 0: in this way, the star remains visibly PLOT-

ted at the end of the routine. If the values in the FOR/NEXT n loop are
reversed thus:

...FORn=0TO1:...

(omitting the STEP routine as it is now superfluous), the star will disappear

at the end of the routine with PLOT OVER 1 (ie unPLOT position of
pixel).

18@@>PRINT “fiash star™:

FOR =0
TO 1@: FOR n=1 TO @ STEP -i: PL
OT QUER n;200,18@: PAUSE 1@: NEX

. T n: NEXT ¥

Routine using a single FOR/NEXT loop to flash a star

This routine is probably easier to use and demonstrates the rather odd way
in which the OVER command works. The OVER command is set to a value
of 1 throughout — it unPLOTs (makes invisible) the pixel position.
However to unPLOT an unPLOTted pixel position via the next value in the
FOR/NEXT loop, PLOTs the pixel back into visibility! Thus throughout
the FOR/NEXT loop the OVER command becomes:

OVER 1... OVER0... OVER 1... OVER 0... OVER 1... OVER0...

and the star will flash in the required manner

If the FOR/NEXT loop has an effective number of steps that are
uneven (2 TO 10 = 9 STEPs) then the OVER command will finish with a
value of 0 and the star will be PLOTted and visible at the end of the routine
— see Line 1000. If the FOR/NEXT loop has an even number of steps (1

TO 10 = 10STEPs in Line 1001) the star will disappear with a final PLOT
OVER 1 condition.
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“frash star-on': FDOR
%22“’%@“%? PLOT OUVER 1;2080,100:
PAUSE 1@: NEXT f
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INT “"flash star-off": FDR
1?2%.)?3 1@: PLOT QUER 1,;200,1008:

PAUSE 18: NEXT f

Startrax (Stellar Proper Motion)

Astronomy, the study of the heavens, is the oldest science known to man: it
dates back to 2000 BC, to the Chaldeans of Asia Minor. The star groupings
or constellations familiar today were named by them. A remarkaple fea-
ture of the constellations is that after 4000 years they appear v1r.tually
identical to us today as they did to those early astronomers — dt.zsplte the
fact that we know most stars are moving through space at tens of kilometres
per second. N .

Why are the constellations not distorted beyond recognition .by this
random motion? Quite simply, the stars are so remote — distances
measured in tens or hundreds of light years — the individual movemt.:nts
are undetectable to the unaided eye. Only one star, Arcturus at 36 light
years distance, has moved appreciably since early Greek st'ar maps were
prepared. And even this amount is very little — about the diameter of the
full moon, ie 4°. .

To see the constellations change shape, it is necessary to have a m'ne scale
of hundreds-of thousands of years and this program simulates th{s effect
on two selected star groups — the Plough and Orion. The DATA is tal.(en
from Hutchinson’s Splendour of the Heavens (1923). You have the option
of allowing the individual stars to ‘trail’ their image across the screen or to
PLOT as a moving pixel. The screen is presented in inverse video —
BORDER 0: PAPER 0: INK 9. .

In order that the PLOTting of the constellation selected is as smooth.as
possible, the individual star positions in the a$ are entered into DIMensio-
nal arrays x and y, the coordinate positions of each star. These arrays
incorporate the ‘proper motion values’, as they are cal.led, .from t.he m$.
How these values in the m$ are constructed will be described in detail later.

Economising memory

The method of handling the DATA is economical on .the Spectrum
memory (RAM). Although there is no real necessity in this case to save
memory, the technique may be of interest and per.haps of use in your pro-
gramming. As noted, the a$ contains thestar positions and these are held as
two 2-bit numbers:
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Line 90 09 (x coordinate star 1)
17 (y coordinate star 1)
18 (x coordinate star 2)
22 (y coordinate star 2)
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and so on to the end of the string array (star 16).

The m$ contains two 1-bit numbers per star to indicate the star’s XX, Yy
proper motion, so the LENgth of the respective m$ is precisely half that of
theassociated a$. The a$ and m$ arerepeated to the end of the DATA: each
pair is used for a separate constellation. In order that the correct DATA is
used on RUNning the program a conditional GOTO must be incorporated
immediately after each pair of string arrays, ie:

110 IF b§(1) = “P”” THEN GOTO 150

then the program will jump out of the DATA, carrying the last values of a$
and m$ which were read. The last pair of string arrays does not need a
conditional GOTO as it is assumed to be the selected pair by default.
Between lines 110 and 120 there is room for three more constellations via
your DATA without renumbering or using multiline statements. Remem-
ber that the first letter of the b$ (used to INPUT the name of the constell-
ations in line 30) must be included in the associated conditional GOTO.
The example in Line 110 is ‘P’ for the Plough. By only requiring one letter
(the first) to be correct, the program will ignore user misspellings (a neces-
sary precaution as some of the constellation names can be very difficult).

Sélecting DATA

The LENgth of the m$ is now used to DIMension to x and y arrays and the
routine to Line 270 is used to enter the DATA into these arrays. In the case
of Orion, with 20 stars and 20 positions for each star.to be computed for
subsequent PLOTting, this makes 400 x and 400 y positions. While the
Spectrum does the necessary computation it displays a neat little ‘I am
computing’ routine. Of course you could place every constellation
(whether called upon for immediate display or not) into a DIMensional
array but at 800 bytes per constellation it seems a little unnecessary for this
program at least. In this program, the arrays are only reDIMensioned if the
alternative constellation is called for display. Lines 50 and 60 recognise this
condition and jump straight to the display if the same constellation is
selected be it for a trailed or ‘point image’.

Proper motion values

The point of this program lies in the proper motion values in the m$, which
permits stars to move inany direction and velocity across the screen. Figure
8.15 explains the principle.
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Figure 8.15

Typical grid layout for estimating the relative motion of stars in a Proper Motion program.
+ in the centre of the grid marks the point of rest (ie no motion required). The xx and yy
coordinate positions are measured from the bottom right corner. Note that the east (¢) and
west (w) positions appear reversed from the normal convention. It is usual in astronomy to
represent the skies above our heads with east to the left of south, which is the case here.
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Figure 8.16

Examples of typical values which could be used in the program. The further the selected
coordinates are from the centre of the grid the faster a star will move in that direction. These
values are incorporated into the m$ until all the stars in the constellation are included.

m$ = 446"’ m$ = “19” m$ = 84"
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Figure 8.17

The familiar star pattern of Orion as seen today.
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Oraion < 1%
Todau~ s 0Orion @
year =

\

—

Figure 8.18

The apparently random motion of the stars in Orion over 200,000 years
.
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The grid is divided into nine horizontal (xx coordinate) and nine vertical
(yy coordinate) boxes, a total of 81 boxes. To be different from the
Spectrum PRINT and PLOT systems these coordinates start from the
bottom right position. A star at ‘rest’ is placed at the centre of the grid and
has an xx, yy coordinate value of 55. As a star is placed further from the
centre of the grid, the velocity increases proportionally and in the direction
indicated. For example a value of 46 indicates a small movement towards
the NW (the top right corner). A value of 19 indicates the largest
movement to the NW direction and so on for all points of the compass.
Some typical sample values are shown in Figure 8.16.

Before the m$ VALue is entered into the x and y arrays, a value of —51is
deducted from each number. Thus our m$ VALue of 55 becomes 00, ie no
relative motion, and 46 becomes — 1+ 1. In this way only positive numbers
need to be contained in the m$ although the required VALues are some-
times negative. The conversion is done in Lines 180 and 190. The FOR
/NEXT f loop from Line 220 allocates the values to the x and y arrays
which are incremented by the m$ values in Lines 230 and 250. In the final
display the FOR/NEXT loop contains 20 STEPs and the middle STEP 10
represents the form of the selected constellation as we know it today. Thus
a brief but powerful program results.

Screen display

The method of preparing starmaps on the Spectrum is described more fully
in the Starmaps program. Let it suffice here to say that this example uses a
screen resolution of 64*44 pixel positions in the DATA of the a$ and that
this is expanded to the full 256*176 of the Spectrum by multiplying each
PLOT position in Line 360 by 4. One point should be observed if you
extend the program to include your own selected constellations. Avoid the
edge of the screen with your basic starmaps. The proper motion in a star’s
movement will cause the program to crash if it attempts to PLOT beyond
the maximum coordinates (255 for x ; 175 for y). Figures 8.17 and 8.18 are
typical screen COPYs.

QD REM %% 3% %% % 3% % % % % 6 5 K 3K K K KN K%

10 REM Startrax

15 REM (S5tellar Froper Motion)

19 REM %% % % %% % 3 56 3 3 5 3 % 6 3 3 % 6 %% %%

20 LET c#=""

IO INFUT  FLASH 1i"Flough or O
rion "ib%

40 INFUT "Trailed or Foint ima
ges(t or p) "i LINE t%

50 IF c$=bs$ (1) THEN GO TO 290
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SO LET cH=hs (1)

70 BORDER ©: FAFER Op COLS

80 INK 9 FOR n=1 TO 9: PRINT
FAFER mi FLASH 13 AT S+n, 11s"C0O
MEUTING": NEXT n: G0 SUR 500.

G FEM 39833009 3 36 39656 3636 36 36 36 36 30 X

=25 REM data store

Chapter 8

FOLET as="071718222521 3300361
4472648159552 o
EL E)f LL1 mE="I594938484268484
. 110 IF bs(L)="F" THEN GO TO 15

VT EOELI020E27

20 LET a$g="253

LE 2142B09401 13619
1 LET m$="94499797497995595454

FREIMT 33 530 30 533 3 3 5 336 36 363 e e
REM calc star positions
FREZIYD 3 38 38 3 3 3 3 3 3 3 3 3 36 26
DIM x( LEN n$,220)

DIM v LEN m%,Z0)

FOR n=1 TO LEN m% STER -2
LET h=n*2

LET d= VAL m%(n) -5

LET e= VAL m$F(n+1) -5

LET a= VAl a% (k-1 TO R)+d
LET b= VAL as{h+] TO R+2)+e
FOR $=1 TO 20

LET a=a-d/10

LET 2 (n,f)=a

250 LET b=b-2/10

260 LET v(n,f)=b

270 NEXT f: NEXT n

ETF REM 355555 % 5 K KK TN HeB KN

1?53(33 REM screen display
281 REM %% %55 X% K05 8 X KX XA
290 CLS ¢ FRINT INK é&ibs,"< 1

O"E CHR$ 1303" >, "in the distan
t past","vear ="
0 FOR m=1 TO 20
y==led+led*n
AT Z,&658vi" "

t$="t" THEN FOR =1 TO

Starcharts
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O STEF -1

40 IF t$ <> "t" THEN FOR =0
TO 1

TAG REM %% KR KA R WK NN AR
350 FOR p=1 TO LEN m$ STEF 2
I60 FPLOT  BRIGHT 1i OVER fix(p,
n)*4,y(p,n)*4

70 NEXT p: REM plot stars

TT7 1 REM %% 356535 % %3 3% 36 3 3 3 % KK % X K%

80 IF y=0 AND £=0 THEN GO SUERE

Z0

290 IF y=1leS AND =0 THEN GO 8
U 420

400 FAUSE 1+10%(1-f)

410 NEXT

420 NEXT n: GO SUR S00

425 GO0 TO 20O

4729 REM %% 3% %% 3 53 3 3 3 % ¥ 33 5 5 3 3 3 % %

Z0 REM print comments
4751 REM %% %5553 3 36 3 3 5 % % 3636 3% 3 K% % %
440 PRINT INKE 53 AT 1,0:"Today

s "ib®:" ": GO SUEB 500 _
450 FRINT INK 43 AT 1,03 “c?nd i
n the FUTURE "1 RETURN

489 REM %%3%%%%%%% %% %% %K KX XX HHX
490 REM flash border % beep
491 REM %% %% %% % % % 3% % 3 5 % 3 3 3 % % 3% %%
500 FOR v=0 TO S: FOR k=7 TO O
STEF —1: BORDER k: BEEF .01,40-k
: NEXT k: NEXT v: RETURN

QOO0 REM %% %% % 3 % %3 % 56 5 % 3 3 % 3 5K 3% %
9990 SAVE "startrax" LINE 1

Stellar Magnitude

Astronomers have a scale to measure the apparent brightness of the stars
called magnitude. This was first classified by Hipparchus in 127 BC: he
described ‘the brightest stars as magnitude 1’ and ‘the faintest stars as
magnitude 6’ with four steps in between. This basic system has‘ been
retained ever since, but of course refined and explained mathematically,
principally by Pogson in the last century. Pogson ascribed a \_/alue of2.512
to 1 as a ratio between one whole magnitude and the next. This equates to a
ratio of 100:1 for a star of first magnitude against a star of sixth magnitude
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just visible to the naked eye. Pogson also noted that the common logarithm
of 2.512 is precisely 0.4, much simplifying computation.

This short program uses a simple FOR/NEXT loop to PRINT to the
screen a magnitude range from —26 (the Sun) to +24 (faintest star
detected with the 200-inch Hale telescope at Mt Palomar, California). The
ratio to the standard star Vega at magnitude 0.0 is also displayed for each
whole magnitude step. Our Sun proves to be 1:2.51E10 (25,000,000,000)
times brighter than Vega: a magnitude + 24 star proves to be about a simi-
lar ratio fainter than Vega.

Using a series of conditional PRINT statements the list is punctuated by
some mainly familiar objects that match particular magnitudes. The
standard star Vega is made to FLASH to identify itself readily.

The Spectrum does not use common logs but natural logs (LN function)
toabaseof 2.71828 ... 50 Pogson’s neat common log relationship has to be
fudged in this program, via Line 80, to give a ratio of 100:1 over five
magnitudes.

G REM %% 5% % %X 3 5% %% XX ¥ WK NN
10 REM Stellar Magnitude

11 REM % %5%% %% % 3% % % 5% % % %% X 5% % % %%
15 FRINT "Mag Name","l:ratio"
20 FOR n=-26 TO 24 STEF 1

IO FRINT  FAFER &5 (" " AND AR
S naUlOY+H" " AND n=O0) 4+ (" AND n
FOYams " oMy
. T4 REM 3% 5 % 33 H K H KN W R
25 REM conditional printing
TE REM 35 3 96 96 % 9 % 3 3 %3 K K 3 W K ¥
27 FAFER 3

40 FRINT ("Sun" AND n=-24&4);

41 FRINT ("Full Moon" AND n=-1
)

42 FRINT ("Venus" AND n=-—4):

47 FRINT ("Sirius" AND n=-1)3%

S0 FRINT  FLASH 1:i ("Vega-stand
ard'" AND n=0);

51 FRINT ("Uranus" AND n=5):

92 FPRINT ("Neptunme'" AND n=8);

53 FRINT ("Barnard®s Star" AND

n=10) 3
60 FRINT ("Fluto" AND n=14)3j
61 FRINT ("200"" eye limit" AN

D n=19) 3

62 FRINT ("200""photolimit" AN
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D n=24);
70 FAFER 7
T4 REM %% 5% 5 3 3 3 K 324 MK KN
75 REM stellar mag (log)

Th REM 3% 33563363 53 K KK 0 336363 336 % %
80 FRINT TAB 185 EXF ( LN 2.5
119%%—n) : NEXT n: STOF
QOO0 REM %% %% 3% % 3 5 3 % 334K 3% 3% %3 %
9990 SAVE "Starmags"
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CHAPTER 9
Further Programs

The following programs do not fit conveniently into previous chapters and
have been gathered here. Although they are all diverse, I hope that you will
find them interesting.

The Messier List

There is great kudos in having one’s name permanently applied to a heavenly
body, but chance discoveries are exceptionally rare and an intimate
knowledge of the night sky is really required if you are to have any hope of
success.

Curiously, the French astronomer Charles Messier is renowned no longer
for the many comets he discovered, but for his ‘Catalogue of 104 Non-stellar
Objects’ (published in 1784) which forewarned the unwary against false
claims: each object on the ‘Messier List’ is a remote deep-sky nebula or
galaxy which appears comet-like in a small telescope or binoculars.

The program

The following program, designed around the ‘Messier List’, indicates how
DATA can be stored economically in CODE form in string arrays. The
program has two options:

1) Tolist all 104 objects in numerical sequence with host constellation and
type of object.

2) Toquiztheuserasto where arandom selection of these objects are to be
located.

Good use is made of Spectrum colour to enliven the displays and to mark
your score in the quiz mode. In the latter your initial title of
‘ASTRONOMER'’ is slowly cut down in size for each incorrect answer!

Data store
The DATA is stored in the following manner:

a$ = 104 characters in the range 0 to 9 & A to Y (total = 35) for the 35
constellations hosting the 104 objects.
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¢$ = 35 constellation names to correct IAU abbreviations.
k$ = 104 numeric CODE:s in the range 0 to 5 (total =6 CODEs) for the
class of object.

Unlike the non-standard ZX-81 CHRS set (on which this program was
originally designed), CHR$ 0 to 9 and A to Y are not consecutive in the
Spectrum ASCII set (used for this book). Thus the a$ is handled in two ways
to extract the DATA used in the variable z as follows:

270 IF CODE a$(n) < 58 THEN LET z=1+ VAL a$(n): GOTO 290
280 LET z=CODE a$(n) — 54

Lines 410 and 420 work in a similar way. Consult your Spectrum Manual to
see the values returned by various CODEs. The k$ is used to returna VALue
used in the conditional GOSUB eg:

320 GOSUB 100 + VAL k$(n)*10 ie GOSUB 100, 110, 120 etc.

and then PRINT the object type (eg ‘an open cluster’) and RETURN. Line
480 works in a similar way.

Figure 9.1
First page of the Messier List.

4 )

Messier List

R ST S R R T T
No con Code Type
M1 TAU S<>»4 a diffuse nebutla
M2 AR 1<¢>2 a alobuilar clustler
M3 CUN 4<>2 a glabuiar clusler
M4 SCO P<>»2 a gtobutlac ctuster
MS SER R<>2 a globutas ctlusiter
M6 SCO P<>1 an open cluster
M7 SCO P<>1 an open cluster
M8 SGR 0<¢<>4 a diffuse nebula
M2 OPH I<>2 a globutar cluster
M18 OPH I<>2 a gtlobutar cluster
M1l SCT ®<>1 an open ctuster
Hiz2 OPH I<>»2 a gtobutar cluster
HM13 HER D<>2 a glaebutar cluster
M1l4 OPH T<>2 a gltaobutar cluster

K<>»2 2 globutasr C

tustes )
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Figure 9.2
The screen display in quiz mode.

4 )

Messier Quiz
R R R

AND AR AUR CNC CUMN CHMB CRP CRS

CET COM CYG GEMM HYR HER LEO LEP

Cx HON SeH ORI PES BER BN 5%
TRU

UUL PSe 799 TRI UMR UIR

In what constellatian is M1l.

This is a diffuse nebula

2 correct 4 wrong
———————— > 4 left

Call vourself an <|STRON»?

o J

RUNning the program

Onge the program has been keyed in and RUN:s satisfactorily as checked
against the sample screen displays in Figures 9.1 and 9.2, it is worth
remembering to set the CAPS LOCK. In the quiz mode lower case answers
are unacceptable. If you need alittle help and have a ZX printer, the ‘Messier
List’ can-be COPYed a ‘page’ at a time with:

BREAK COPY ENTER
When the COPY is complete, press CONTINUE ENTER for the next page.

D REM 5% 399 % % 33 3 %55 % 3 3 3% % % % %
10 REM Messier List & CQuiz
11 REM 33333 355 9 % 5 3 3 3 5 % % 3 3 X% % %
20 DIM b$(20): INE 9
Z0O LET y#$="ASTRONOMER"
40 LET a$="S14FRFFOIIQIDIEROOI
- O00000QWOALOOTLE222AU5JIJIZSMMCVHS
720066VVVVF49EEZCOONL 1 XOLBJFFUUC
VIVVIVVYDMAEEUR9UY 7V
20 LET C4="AND AGR AUR CNC CVN
CMA CAF CAS CET COM CYG GEM HYA

195




ZX Spectrum Astronomy Chapter 9 Further Programs
HER LED LEF LYR MON OFH ORI FEG 440 IF n/S= INT - N
et 240 IF n/S= INT (n/S 3 'R
FER FUF SGE SGR SCO SCT SER TAU . M n/5) THEN PRI
R s as 1A 2500115 350 NEXT n: FAFER 7: GO TO 590
29 LEIﬂhf;:35L¢¢ll?*L %L;TIE‘: IED REM 355K % XX 2 3 KN NN W NN
41211113212555111111014411111515 360 REM qui z

r'_\"_"'ﬁ".\":!'l:'ﬂ:':':"':l:‘:‘l:: ’_\’"\"1"'\""! ::"'\"K:4"\':‘nl;'::
Coat al et L PraptapapCacan Rpwn Brapiipun L, JIISApES JUt W ) - - 3 . X
1222235598 259951 ! T REM 355255 530 % 6 6 33K X XN N

£S5 EX ES) I 155 B2 BT (%) ) :':E’."r_":l‘_"lf"(:) 1 (=41

““;;”55';0”333”””‘ - 370 LET c=0: LET w=0
: =00 ) 280 FOR n=1 TO 10: CLS
e TR b e e Akl ¥ 580
1ﬁg iEINT a Messier mistake! I90 LET r=1+ INT ( RND *1073)
105 F\’EITUF;N"_~ ) - . 400 IF r=40 OR r=%1 0OR r=102 TH
113 EE#ERN _n Gpen ciuster EN GO TO 390
o K N 10 E T k= WE 5 =) : . DER: k&
120 FRINT "a globular cluster" féi btl k= VAL k$(r): BORDER ki
125 RETURN 4o = CODE ; = " .
<o RE . o 420 IF  CODE a$(r)=58 THEN LET
P planetary nebula z=1+ VAL a$(r): GO TO 440
= o o . N 430 LET z= CODE a%$(r)-54
142 ﬁgiﬁém a diffuse nebula 440 LET x$=c$(z%4-2 TO z*4)
ii; gRINT "an external galaxy" 450 FRINT  TAB 10i"Messier Ouiz
wd b " = . &L "
’1‘?)(? ?E;B$N"Plessier List or Quiz 460 FRINT  TAE LO " %%%%% %% 5% %%
s - 5 n ] » - "— - ) —(" " .
{ 1(L or Q) " LINE 1%: CLLS = FAUSE 470 FRINT FAFER l': Tcd+bhgT I
o R PO n what constellation is M"iri+".
T;éx IEDI$Gn:601 AND 1% <= "L TN AND r 100X T AND e 10)
D1 REM %% %% %5 3% 33 33 % 3 % 3 334 X% . 499 5HIHT-. - iais Le "3 )
o0 R gl 490 GO SUEB 100+ VAL k$(r)*10
A =00 J . ~ =1 noon
D21 REM 3% %5535 % 5 33 WK K NN g;é iSFSlZS:'ThEE tiE#$Z—r+1- =
230 PRINT TAB 10;"Messier List 0 SUE 600 S
e N ' G20 IF % < u% THEN LET w=w+l
240 FRINT TAR 1(_),. K- K 3 3 H K KN KX 570 PRINT cs " correct” . wi LTS

"r GO SUE 600
250 PRI " Code Type" ng -
Ze0 PRINT : FOR nei 70 104 240 FRINT FLASH 13 AT 15, (d-w)
270 IF CODE a$(n)<58 THEN LET *155 " —— =k "310-nit left"
z=1+ VAL a$(n): GO TO 290 S50 IF t% <> x$ THEN EEEF .2,-
280 LET z= CODE a%(n)-54 l&: BEEF .5,-30: FRINT °" The an

- swer is "§ FLASH 1ix%: AT 3+ INT

ong"

290 LET j= VAL k$(n) (2/9) , O - Ry

00 BEEF .01, i%10: FAFER j PSRN L e el .
0 mEE V$=C§(v*4~ﬁ 70 =44 déuliﬁlNT FAFER n—-13 AT 19,0:"
SL0LE] KRSCs e S o 3 S vourself an <"iy$( TO 10-
,l_;-.-;(;) FTINT . ?'n:«' . TAEB P ) wd+af(n) W) H "

+" S YHke(n) s 3 370 FAUSE Z00: NEXT n

IEZO G0 SUB 100+ VAL k$(n)*10

380 FRINT  FLASH 1: FAFER 47"
Time is up "+y$+bhs( TO 8)
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SE4 REM  %%% %% %3 5% % 3% % %% 3 % % 3 %% % %%
585 REM menu

86 REM % 3% 3% %% % 33 % 6 % 3 3 5 % 3% % % %% %%
590 G0 SUR &00: FRINT £0:" Fres
s any key to continue.": FAUSE ©
: GO TO 200

LOO FOR a=-30 TO 20 STEF S: BEE
F .1,a: NEXT a: RETURN

QOO REM 236353 % 3 3 3 5 3K 339 3693 236 %
9990 SAVE "messier" LINE 1

Telescope
This program sets out to answer the following questions:

1) What is the faintest star visible in a6 cm or a 6 m telescope?

2) What is the maximum and minimum useful power eyepiece to use?

3) Why is the Hale 5 m telescope not suitable visually?

4) What sort of area in degrees will a 35 mm camera lens cover?

5) What is the photographic and visual resolution of a 15 cm telescope?

6) What astronomical performance can I expect from my
telescope/camera?

The last question summarizes most of the previous questions.

The answers

There is nothing particularly special about this program other than the fact
that it brings together all the facts and figures pertinent to telescopes,
binoculars and cameras, when used for astronomy. Only two items have to
be INPUT — the aperture of the instrument in millimetres and the f/ratio as
it is called. The latter is the ratio of the diameter of the lens (of the camera,
for example) against the focal length and this in turn is the distance from the
lens to the image the lens forms. From these two INPUTs alot of data can be
computed in just one second that would need alibrary of books to reference.
Just key in the program and RUN it.

The program

The program is based on my own many years of practical experience at the
telescope. Only one item — the visual or Dawes resolving power of a
telescope — assumes a perfect instrument, perfectly aligned on a perfect
night free from atmospheric turbulence (twinkling stars) and an experienced
eye. The balance of the items is either reasonably indisputable (like the
power of a given eyepiece) or not too contentious (like the limiting visual
magnitude attainable on a clear night away from town lights).
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Figure 9.3 shows a screen COPY for an f/4 120 mm focal length camera
lens and Figure 9.4 a screen COPY for my own telescope. It may be useful to
go through each sample and the relevant program lines to explain the
significance of the data.

Figure 9.3
Astro performance of f/4: 120 mm fl lens.

/ TELESCOPE QR CRHMERA PERFQRHRNCEQ\

APERTURE (111} = 3& 1

FOCAL 7RATIO. = poglit
FJLENGTH 158 MM

24HM FL EF = XS MIN POUER
MM FL EP X6@ MAx POLER

THIS LENS NC}T SUITRBLE UISURLLY

PLATE 5CALE 1page

FIELD (36x24MM) 17, 189R§'§? a44m
RES PHOTO TRI-X 34 .3@YARC
LIMIT PHOTC HMARG 118.S

RESICRUESYUISURLE .3QRC

LIAIT UIs HAc re.a

EVEPIECE FL = M =

EYERTESE FL = ot - ao

E:'EPIECE FL = =23HM = X:-

EYEPIECE FL = 33t = X3
Figure 9.4

Astro performance of a 44.4 cm (17 5 inch) aperture telescope.

(TELESCGF‘E DR CRHMERS PERFDRHRNCE@

ARPERTURE (MM} = :

FOCAL A RATIO = ;ii-gﬂ
FEoLENGTH 1298 MM

27MM FL EP = X774 mMIN FPOUER
S.9MM FL EFP = XEP@ MARAX POUER
TELESCOPE SUITASBLE UISURLLY
FLATE SCHALE .’LB"“F{RC/

FIELD (I&x24MM) 1.93" g‘:‘SS"

RES PHOTO TRI-X 2. @S"RRC
LIMIT PHOTO MRG +16.85

RES (DRUESYUVISURLE .25’ F(RC
LIMIT VIE MRARG +15.

EYERPIECE FL 5MM = X333

EYEPIECE FL = 15MM = X133
YEPTECE FL = SaMM = X83
EVYEPIECE FL = I3rirt = X560

N J
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The first two lines of the printout are the INPUT of aperture and f/ratio
and these, multiplied together, produce the third line — focal length. The
next two lines are the maximum and minimum power eyepieces for the
system and their respective focal lengths. It will be noted that the next line in
Figure 9.3 for the camera lens comments:

““This lens not suitable visually’’

This is worked out by slicing the A$ and T$ in Line 20 according to the
conditional Lines 170 and 180. In this case the focal length is less than 300
mm and therefore not identified as a telescope.

The next group of four items specifically refers to the photographic
performance of the instrument. The items are, in order, the ‘plate scale’ or
number of seconds of arc per mm of film, the area in degrees for a 35 mm
format camera, the resolving power of TRI-X film in seconds of arc and,
finally, the faintest star normally recorded in a guided exposure before
skyfogging (stray light) sets in. The next group of two items refers to the
visual resolving power (to Dawes formula) in seconds of arc and the limiting
visual magnitude the instrument will show. Notice how a given lens or
telescope will record stars on film to 1.5 magnitude less than the eye will
record at the same instrument. This is because the eye (when fully adapted to
dark conditions) sees no more after about quarter of a second, however
much you peer through the eyepiece, whereas the photographic film slowly
builds up an image over seconds, minutes and even hours in perfect
conditions. The human eye’s sensitivity is much superior to the fastest 1000
ASA film but tires easily. Also the eye’s resolving power — pixel for pixel —
is again superior to all but the slowest film, say 20 ASA.

The final section of the printout gives some typical focal length eyepieces
and notes the effective powers with the lens concerned. This is done by the
FOR/NEXT loop in Lines 250 to 270. An option to COPY the screen is
included on Line 290.

Interpreting results

Practical experience would indicate that any telescope magnifying more
than X 500 is pointless. The Earth’s atmosphere is never steady enough to
support such a magnification and remain sharp and clear. Line 100 sets this
upper limit: otherwise Line 90 assumes that the aperture (in mm) X 2isthe
upper limit. The lowest useful power eyepiece is set by the maximum
diameter of the human pupil, 7 mm when adapted to dark. I have adopted a
diameter of 6 mm from practical experience of numerous tests. Effectively,
if the eyepiece power is too low, not all the light entering the telescope
reaches the retina because of the physical limit to the diameter of the eye’s

1r1s.
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ap:t ltjfrlg case (;f th(seol(-)lgle 200-inch telescope at Mt Palomar with a clear
exceeding mm, a minimum power eyepi i
would be necessary for all the i the ore Tor et s 750
; e light to enter the eye for th
mentioned above. This giant teles i e through bt oo
. cope is not for looking through but i
s g| tis
hu%; cz;n;lera for pee'rmg into the most remote regions of the cosgmos :
¢ following variables carry the various formulae used in the proéram'

= the clear aperture in mm

the focal ratio of system

the focal length of system in mm
= lowest useful power eyepiece

= highest useful power eyepiece

= limiting visual stellar magnitude
= plate scale in " arc/mm

L

V< T >

The two last variables are also used for the following:

P/100 = field width in degrees

P/50 = TRI-X film resolving power in ” arc/mm
V+1.5 = limiting photo magnitude
114/A = Dawes visual resolution
A FEM 395236 3 36 3363 5 56 8 3 96 36 6 3 % 3
Lfi REM Telescope or Camera
n FEM Festro-performance
N 7N %% 55 53056 K KKK

\ﬂ%Q.CLS ¢ FRINT  FAFER S5 "ASTRD
SCOFE or ASTROGRAFH (camera)"**
}5 FLOT O, 167: DRAW 255, 0
.EO LET A$="NOT BUITQBLEAVISUQL
Lr“: LET T$="TELESCOFE THIS LENS
Eﬂ FREE 3609536 06 3 963560 3 K 3 3696 36363636696
;b REM input aperture+f/ratio
DE REM %055 K36 3636 K 33K
20 PRINT "AFERTURE (MM) =",
40 INFUT A: IF A<& THEN GO T

40
S0 FPRINT  INT A" MM", "FOCAL /R
. ATIO . )i INFUT F 4 QCAL / R

HO0 FRINT "F/Us3F

G4 REM %% %% 3 % 8 5 3 % 5 5 5 5 3565 % 96 3% 5%
R .

6D REM formul as

GHE REM %% 5% % 5K 5 % 5563 % 55 % 5 K 3% %%
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70 LET FL= INT (A*F) INT (11400/8) /1005 CHES Ta: ' ARe
80 LET L= INT (A/6&6) " SO LHRS S T aRC
90 LET H= INT A%l D40 PRINT "LIMIT VIS Ma@n o
100 IF H>500 THEN LET H=500 N - I8 MAGY, "y
110 LET V =1.9+ INT ¢ LN (A%A) * 33K I KK RN
11) /10 even 2 t .. —gy,x
170 LET F= INT (206Z64/FL) Rl vl il fj::%
130 FRINT VE/LENGTH" . FLi " MM = N=l TO 6 G P‘i'”.*****
- Yoo a5

260 FRINT  PAFER
=", G*NG M
0ONEXT N

154 REM %% %% %% 5% 0 M3 KX X H X KA KX
=5 REM max/min eyeplece powers
136 REM %335 %K% KK K XK HHHXHH XL
139 FPAFER &

140 FRINT INT (FL/LA+.5) 5 "MM FL
EF =", "w"iLi" MIN FOWER"

150 FRINT INT (FLL/H*10) /1035 "MM
FL EF =","s«"3iHi" MAX FOWER"

154 REM  #%% 5% %5535 % %K X HH XX XX

$"EYEFIECE FL

+ 4

i INT (FlL/Z7&/MN)

ITHT £oOsvF
FLIN" . Paus

IF  INEEY$ ="z" THEN COPY

LR TR R R R R R R Ve

155 REM flash scope comments "SOOFE" LINE 1

156 REM *’,_‘**********’f*_********f Star Tester -

160 IF L »= H THEN FRINT FLAS This is a sh
Ho1iT$( TO 10):0% 1s 1s a short demonstration program to show how a si i i

3 : _ : simple

S5 TE LM AND & 3= 25 AND FL 3 C]l;CSthnS and answers, can be set up. Obviously, the quiz dges r?gtlz };alisutlg
= T00 THEN FRINT FLASH 1iT$( T reate (0 astronomy, but it does for the purposes of this book. The program
0 10):A%(S TO ) asit stands contains only ten star names, grouped inpaksinaimdglisfs?an;

LOEAREE T e o P too few to be really effective. In the example, ‘Antares’
- ‘ Y __ . ’ eS:‘AIh it
il R R Vb Tliiggulus = Alphzf Leonis’ — these are the alternative names Ifjoraeizgrslz:p
us the program is ripe for expansion by the user perhaps with entirel);

$ .

164 REM %% %% %% 35 35K KK KR XX HKK different paired names.

185 F\'F;:M © photo data The program

186 REM X3 KK I N He K I KKK KR Th

v EARER S: FRINT el ATE S e program works in the followi : .

1‘?(_) .F AFE_F: S FEINT‘ as “F LATE SCA line 30 to accept (in thi ollowing way. AI?IMen51onal array is set up in
LE",F3i CHR$ 243 "ARC/MM ch pt (in this case) 10 names with a maximum length of 13

200 FRINT "FIELD (Z&xZ4MM) ", INT characiers to cope with the longest a$ — aS(2), a8(6) and a$(10) all have a

(F) /1003 CHR$ 1305" x "5 INT (F a(l) of 13 letters and spaces. A DIM b$(13), a single DIMensioned array, is
%.666) /1005 CHR$ 130 S_?hset up to receive the answers to be INPUT in Line 230. a

210 FRINT "RES FHOTOD TRI-X", IN in Li ecomPU[eraSk.Sthe user up to ten questions viathe FOR/NEXT floo
T (F*2) /1003 CHR$ Z4: "ARC" ‘1“ 1(;13 160. The variable z in Line 170 selectsa RANDOM number betweeg

220 PRINT "LIMIT FHOTO MAG","-+" and 10 and PRINTS to the screen the a$ with this number. The
TS also decides that the answer will be: ’ computer

224 REM eI 2 N NI KN KK a$(z + t)

225 REM visual data )

Dl REM 3% K KW R I KR KX NK where variable t acts as a switch eg

229 FAFER 6 ifz = 1thent = 1

230 PRINT L, "RES (DAWES) VISUAL™S ifz=2thent = —1
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and so on for each odd or even number that is thrown up forzsothatthasa
value of 1 or — 1 as the case may be. If a$(1) to a$(10) in Lines 40 to 130
inclusive are checked, then it can be seen that the computer has identified
each answer correctly by grouping the a$ in pairs.

Line 230 INPUTSs and PRINTS the answer, and the ‘?’ is overprinted by
using the expression PRINT CHRS 8; b$. Lines 310 and 320 mark the
answers and tot up the correct results with the variables score which is
PRINTed at the end of the f loop.

The program uses the automatic scroll conditions by POKEing (POKE
23692, 255) and PRINTing below screen line number 21, so that the
questions and answers flow up from the bottom of the screen next to the
INPUT line 22. This is effected by program Line 350. Figure 9.5is a typical

COPY of the screen display.

Figure 9.5

N

Alpha Orionis is correct

2AlLpha Qrionis 1S Bete lgeuse
Bete lgeuse is correct
3YAntaces is ALpha Scorpii
Alpha Scorpii is correct
4)Batelgause i Alpha Orionis
Alpha Orionis is correct

S)yBete lgeuse is Alpha Orio0oNisS
Alpha Orionis 1is correct

6IRigel is B2ta Qrionis
Beta Orionis is corvyect
Z2JRALpha Scorpii is RARntarces
Antares is corvrect

8lVega is aaaaaaaa

K‘Rlpha Lyrae Y,

Although the computer is looking for an answer which is precisely correct
in upper and lower case lettering, there are insufficient permutations in a
range of numbers from 1 to 10 without frequent repetition. Ideally the
minimum should be about 30 questions, ie 15 paired questions/answers —
preferably more to avoid repetition. Amending the program to receive extra
questions involves minimal changes and can be done in two ways.
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1: Additional listing in the a$

Fh?s is fairly. straightforward and simply means squeezing more a$s into the
{stTng, starting at a$(1 1') — assuming the first 10 questions/answers in the
listing bare dto be retained. For neatness, Lines 40 to 130 should be
renumbered (perhaps as Lines 40 to 50 inclusive) and th i

eext
the a$ started from Line 51: ) anewitems for
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SI LET a$(11) = *... star name 6a ...”’

52 LET a$(12) = ““... star name 6b ...”’
S3LET a$(13) = *“... star name 7a ...”
54 LET a$(14) = ““... star name 7b ...”’

S5LET a$(15) = ““...

ar.1d so on with all the extra data. Finally, amend the DIMensional array in
Line 30 to account for the extra questions included:

30 DIM a$ (total number in a$, 13): DIM b$(13)

and amend the last value in the Line 170:

170 LET z = 1 + INT (RND*total number of questions in a$)

The program can now be RUN (RUN bec i ined i
the LIS T, ause all the program is contained in

2.7 INPUT subroutine

There is no gar}t]icular need for the questions and answers to appear in the
program and the i i i
o y can be INPUT via a subroutine. The procedure is as

Delete Lines 20 to 130 inclusive
Amend Line 280 (final command) to GOTO 1 (in lieu of RUN)
Add the subroutine 400 DIM a$(50,13): DIM b$(13)

This allows for 50 questions/answ i
ers — 25 pairs — a i
characters long, including spaces.) i

410FORn = 1 TO 50

420 PRINT n; ““*’; LET ¢$ =
430 INPUT c$ : PRINT c$

440 IF c$ = “‘stop’> THEN STOP
450 LET a$(n) = c$

460 NEXT n: STOP
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The subroutine is started with GOTO 400 and the paired questions/answers
are INPUT sequentially. It is not necessary to use up all the DIMension a$
array if you run out of questions as long as the last INPUT was an even
numbered item. Simply INPUT *‘stop’’ and Line 440 will STOP the
program. The program should now be SAVEd with GOTO 9990 as a

precaution and VERIFYed. Now amend Line 170 to read:

170LET z = 1 + INT (RND*(n-1))

The variable n is the last value + 1 used in the INPUT loop in Line 440.
The program should be SAVEd and VERIFYed as version no 3 by
amending Line 9990 to read:

9990 SAVE ‘‘startest3’’ LINE 1

and then, as a direct command, GOTO 9990. The amendment will ensure
that the program starts automatically when LOADed with LOAD ‘“”’ or
LOAD “‘startest3’’ (which is preferred) and so avoid the pressing of the
RUN key which will erase all the DATA from the computer. All would not
be lost of course — simple reLOAD but this time enter GOTO 1.

Now that the program is safely on tape, it is time to test the program

started with GOTO 1.

Adding more questions
If less than the full quota of 50 questions/answers was initially INPUT, then
more can be added by BREAKing the program and entering as a direct

command:

CLS: GOTO 420

which will pick up the INPUT routine where it left off and start the n loop
again. Again the INPUT can be terminated before all 50 items have been
entered with:

INPUT “‘stop”’

and as a direct command to restart the quiz with GOTO 1. The current value
of n will again update the maximum RANDOM number for the variable z. It
is a wise precaution to SAVE each version where more DATA is INPUT

before the quiz is tested. Better safe than sorry.

G REM 3% 3% 3 3 K 3 K M KK KK H N KN AR

10 REM Star Tester
11 REM 9% 3% %% % % 3 3 3 3 % % 3560 6 3% %
20 REM data

=0 DIM a$(10,13): DIM b%(13)
40 LET as(l)="Antares"
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490 LET a%(2)="Alpha Scorpii"
60 LET a%(3)="Regulus"
70 LET a$(4)="Alpha Leonis"
80 LET a$ (3)="RBetelgeuses"
0 LET a$(&)="Alpha Orionis"
100 LET a%(7)="Vaga"
110 LET a%(8)="Alpha Lyraas"
120 LET as$(9)="Rigel" '
20 LET a%(10)="Reta Orionis"
140 LET score=0
1AG REM 3533535 55 33 55 8 % 5 33 36365 % %
150 REM main loop
LET REM 953 59655 56 3 3 3595296 3 36 96 %6 3 3%
160 FOR f=1 TO 10: LET t=1
170 LET z=1+ INT ( RND %10)
180 LET g==/2
}?Q IF INT g=g THEN LET t=-1
fUU GO SUE Z40: REM scroll
210 FPRINT F3")"sas(z):" ig 7":
220 LET x$=a$(z+t) o
?3@ INFUT b%: FRINT CHR$ 8:b%
240 GO SUE Z00: LET x=z '
250 GO SUE Z40: FRINT @ NEXT f
2359 REM 5% %35 % %% 3 3 5 % 3 3 3 535 % % % % %
gao REM reRUN program
2§1 FUEEM 050360 33 236366 23966566 36
270 GO SUBR Z40: FRINT "Your sco
re="iscore;" correct answersg”
280 FRINT FLASH 13" Try again?
“press any key @ FAUSE O: RUN

289 REM %3358 %5 5 5 35 35 % 5 3 558 X 3K %
E?O REM print+mark answers
2L REM 35355295336 36 K330 3365 3036 36 % %
300 60 SUE I40: REM **¥scroll
210 FRINT  FAFER Si FLASH 1 AND
bd <= udiusd;:

I20 IF b$=ux$ THEN LET SCOre=sc
Dre+1: FRINT  FAFER &3 FLASH 13
Lgﬂcggre;t“: G0 TO 240 .
wé;g!“ INT FAFER 53" is the ans

ep—

ZEG REM K553 335653 K 002N
340 REM poke+print to scroll
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T4 REM 3659533 %53 5 K 3 K KK KN KK
750 POKE 27692,255: FRINT AT 2
0,0: FRINT = RETURN
QOO0 REM %% %% %% 5% %3 X3 H XXX H XX KKK
9990 SAVE "startest”

Ellipses

For astronomical presentations an “ellipse’ command is sadly missed from
the Spectrum (and most other micros for that matter) but the following short
routines will suffice, using the machine’s trigonometry functions of SIN and
COS. These routines prove much less cumbersome than some published
examples using complex algebraic formulae. Also keeping the routine brief
ensures that the results are executed quickly, so speeding up the PLOTting
process.

Effectively an ellipse is a circle seen at an angle so that its form is
compressed. With minor changes, each routine can be made to PLOT ina
clockwise or anticlockwise direction with the long or major axis either
vertical or horizontal.

The Ellipse routines

Key in and RUN the first routine called Ellipse (see Figure 9.6). You will
notice that in most cases the variable names are sufficiently long to describe
their function in the program:

xaxis = x (horizontal) coordinate position

yaxis = y (vertical) coordinate position

rad = maximum radius of ellipse called semimajor axis
tilt = INPUT angle of tilt to a circle

angle = compression factor to produce an ellipse

The formulain the variable ‘angle’ contains a small make-weight value of 0.1
added to a variable ‘tilt’. This is done to stop the program crashing if an
INPUT of 0° is made (a circle shown edge-on). The value returned by 0°
would be a truly infinite number exceeding the Spectrum’s numeric capacity
which is limited to a range from 3*10-% to 7*10 3. The short routine called
Ellipse Angle Values (Figure 9.7) shows what values are returned by the
formula called angle between 0° and 90° in whole degree steps.

In reality, 0° is made to return a value as if 0.1°, ie 1/10° or 6' arc, and 0.1
is added throughout the sequence. The Spectrum’s PLOTting accuracy is
well below this small angle and the results (as PLOTted) are
indistinguishable from whole degrees.

It should now be evident that if the somewhat improbable INPUT angle
for tilt of —0.1° is made, the Ellipse program will crash because:

- 0.1+ 0.1 =0°
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Figure 9.6
An ellipse from full circle to edge-on is produced via this routine.

Ellipse © tiilt=2Q"

1@ PRINT "ELlipse © tilt=";
20 REM by Maurice Gavin ’
3@ LET xaxis=1352: LET yaxis-a1i
T O
. to 9%, ti
6@ PRINT titt;"®-=- srate
gg EE%NT RT 19.,16; "+
. angle=1-5IN . i .
1885P 5 3 {(.X+tiLt) ~
Q@ INPUT “step (1 to 1@x“.s
188 FOR =@ TO PIx2 STEP irss~ 16
. 11@ PLOT Xaxis+S5IN f#radius,yax
18 +C0O8 fi-radiusxangle
i2@ NEXT f

Figure 9.7

—__3_—}351# Eltipse Ingle vatves
S FOR x=@ TQ sa
7 LET tilt=x

1@ = oy i
16820557 angle=1/SIN ({.1stitt) s

2& PRI : .
S8 NEK;{Txangle,t,[t,Cﬂns 132
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Ellipse 4 . . .
This routine is precisely the same as the above 'routme b.ut 1115 glste o
demonstrate the simultaneous PLOTtingof four.elhpses. Againthe tcll bo 2
four ellipses and the PLOTting frequency via variables can be select: y th:
two INPUT commands. Figure 9.8 shows two example COPYs from

screen.

Figure 9.8 ) )
Sagmples of ellipses PLOTted in different directions and long (major) axes.

ipse 4 titt=10" .
%tclilc':uise © anticlockwise
¢(—»axis 1 2

‘ RS L
t+axis 3 - 4 ~
\ v

ipse 4 © tilt=3@" ‘
Etéziuise © anticlockeise

¢->axis 1 =
-~ “-“‘\}
N

axis 3 4

AN
S
U
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The ellipses are made to PLOT in a clockwise or anticlockwise direction
by the exchange of the SIN and COS expressions in each half of the PLOT
routine. If the routine commences with the SIN function, PLOTting starts
at the 12 o’clock position: if it commences with COS, PLOTting starts at the
3 o’clock position. If the variable angle is in the first half of the PLOT
routine, ellipse major axis is vertical and, if it is in the second half, the major
axis is horizontal.

Line 100 contains the FOR/NEXT floop used for PLOTting the ellipse in
the form:

FOR f = 0 TO PI*2 STEP 1/5*3

where 0 to PI*2 produces a full ellipse. If the expression were to read:

FOR f = PITO PI*3 STEP ...

then a full ellipse would still be PLOTted, but commencing at 180°, or, on
the opposite side, at the 6 o’clock or 9 o’clock locations respectively. Try
changing the values in the FOR/NEXT f loop to test this.

i)

T FEM 363 3996 3 5 96 36 395 K K3 WK e
10 PRINT "Ellipse 4  tilt="j
20 REM NN R KK N R WK W He NN N K
IO LET »=132: LET y=76

21 LET wl=u%.b: LET yi=y*l.5

« 32 LET LET y2=y*1.5
I3 LET LET ya=y*.5
4 LET LET ya4=y%.5
40 LET

4G REM 355 5% 3% 3 3% 3 0 5K 36 5 3 % 3% X% %

SO OCINFUT "0"s CHR$ 130:3" to 90
" CHR#% 130,tilt

GO FRINT tilts CHR$ 1320: FAFER

o
70 FRINT "clockwise","anticloc
kwige"
73 FRINT "<-—lraxis 1", "2"

77 FRINT AT 12,03 " axis 2", "4
w 79 FAFER 7
80 LET angle=1/ SIN ((.1+tilt)
/180% FI1 )
B9 REM 3353 33 3563 300 K50 3 H % R ¥
20 INFUT "step(l to 10)",s
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100 FOR =0 TO FI *2 STEF 1/s5/
_104 FUEM 9635 3 %3 3% 3 3 36 36 % 9 3 3 36 3 %% % X
105 REM plot 4 mllipses

10& REM %333 3 3 5% 3 5 K3 % 3% 363 3 %% %%
111 FPLOT 1+ SIN f#r,yvl+ COS +*

r/angle

112 PLOT x2+ COS F%r,y2+ SIN f*
r/angle

117 FPLOT #3+ SIN f¥-/angle,yi+
COS f*r

114 FLOT x4+ COS f¥r/anglae,yd+
SIN fxr

120 NEXT f: STOF
QOO0 REM %% % %% % 5 5 %% 35 K2 3 A X KR XK %
Q990 SAVE "el14"

Solid Ellipse

This routine uses the DRAW command to produce solid (filled in) ellipses. It
actually executes the results about four times quicker than the previous
ellipse routines, where the STEP intervals are sufficiently frequent to
produce a continuous unbroken outline. This is because it is only necessary
to compute one quadrant of an ellipse and to mirror the results in the
remaining three quadrants sequentially. Different variable names have been
assigned to this routine but the principles are precisely as before. You will
notice that, as it is only necessary to compute one quadrant, the
FOR/NEXT loop reads:

FOR f = 0 TO PI/2 STEP .012

only one quarter the length of ... 0 TO PI*2... used previously. The STEP
interval is fixed at 0.012 as this was found, with this routine, to give the solid
form required. If the ellipse is not to fill the Spectrum screen then a larger
value can be tested.

The variables a and b are the x and y coordinate positions for the ellipse,
where variable e provides the necessary compression to the vertical or minor
axis. Line 130 PLOTS the lefthand upper outline of the ellipse and Line 140
does the same for the righthand side. The DRAW routines that follow the
PLOT commands in the form:

DRAW 0, —b*2
DRAW a vertical line equal to twice the value of b in adownwards direction,
so completing the lower portion of the ellipse. Line 200 completes the

routine by marking the major (horizontal) and minor (vertical) axes of the
ellipse using the OVER command.
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G REM 595 % % 36 % % % % 5 % % % % % ¥ 3K N KN
10 FRINT  "Solid Ellipse”
11 REM LR R L S LT S e R T T LT RE TR
20 OINFUT "tilt "sz: PRINT "til
t="izi CHR$ 130
T0 LET es SIN ((.1+z)/180% FI

Chapter 9 Further Programs

40 LET x=255/2: LET y=17%/%

(?9 REM EE R R T R R TR T R T T R R
100 FOR f=0 TO FI /2 STEF .012
110 LET a= INT ( SIN fxy)

120 LET b= INT ( COS f*yxe)

S0 FLOT w—a,y+b: DRAW O, ~b*3
140 FLOT x+a,y+b: DRAW 0O, ~b*2
150 NEXT '

J_'-,’v“71 F\‘EM 3 M M A K He X W KK KN NN R
200 OVER 1: FLOT O,y: DRAW 255,
O FLOT x%,0: DRAW 0,175: OVER O

210 STOF
v :.\(:.\ |(EM KW K KA KKK WK KWW N RN
990 SAVE "Solid oval "

Inclined Ellipse

There are times when an ellipse is required with the major axis, neither
vertical nor horizontal but in an intermediate position. This final routine
‘indicates a method of achieving this aim to a modest extent.

Figure 9.9 shows a screen COPY from the program and typical INPUTs
and ellipses as PLOTted. The INPUT values for tilt and inclination
(rotation of the image) may be from — 90° to 90° in each case. Line 90 does
the actgal work of computing both these factors in the final part of the
expression:

./t + a/z

where variables t (fortilt) and z (for rotation) are the reciprocal SIN values as
INPUT. The PLOTting interval (STEP 0.05) and maximum horizontal
displacement (value 60 in Lines 80 and 90) are fixed but can be amended to
suit the requirements.

The Ellipse routine is used frequently, sometimes in a modified form, for

-various programs in this book, including Saturn’s Rings, Galaxy, Binary-

star Orbits. The expression ‘ellipse’ is in common use to describe the shape
of planetary and particular cometary orbits and the shape of optical (lens
and mirror) surfaces. Ellipse is one of a family of forms in the conic section
which includes the circle, parabola and hyperbola.
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Figure 9.9

Typical effects of inclination (rotation of major axis) of an ellipse via this routine.

Inctltined eltitipse
ti1ttio"
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titt39" ——
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I
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65
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80
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100
b)
110
29
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FREM 3 % % 56 3 3 5 3% 3 % 36 3 5 3 5 X 3 36 3% 3% % %
FRINT "Inclined ellipse"

REM %% 3% 3% 3% 3 3% % 5 % % % 5% 9 3% % % K9 % %%
INFUT "tilt"sit,"incline"iz
FRINT "tilt"sits CHR% 120

FRINT "incln"sizi CHR% 13077
LET z=1/ SIN ((.1+z)/180% F

LET t=1/ SIN ((.1+t)/180% [

REM 93 3% 3% % 3% 3% 96 3 3 3 33 3 % 5 5 6 %% % %
FOR n=0 TO FI *2 STEF .05
FLOT OVER 14%140,80

LET a= SIN n*4&40

LET b= CO5 n*x&O/t+a/z

FLOT INT (140+a), INT (80+

NEXT n: GO TO 20
FREM %% 3% % % % % % % % % % 5% % 3% % % % % % % %%
SAVE "incl ellip"

Ellipses and Kepler’s Orbits

One cautionary note should be observed in using the Ellipse routines to
simulate a planet in true elliptical orbit about the Sun, perhaps — where the
Sun cannot be in the centre of the ellipse but at one of the foci. Here Kepler’s
2nd Law of Planetary Motion applies and the planet will ‘speed-up’ as it
approaches the Sun and ‘slow-down’ as it recedes. The Ellipse program will
not in this case give a perfect account of itself but on many occasions the
effect can be reasonably convincing. For a correct simulation of Kepler’s
2nd Law, see the Kepler’s Orbits program in Chapter 5, and the sample
screen COPYs.

Chapter 9 Further Programs

Spectrum World Map

One of the problems of producing a picture on the TV screen from a pro-
gram listing is trying to comprehend what graphics the author intended to
be used. The Spectrum is capable of over 44,000 pixel positions (256*175)
and it would be quite unreasonable to create a full screen image defining
the x and y coordinates of all the pixels to be displayed. It is however quite
reasonable to create a simple ‘lo-res’ screen image using the Spectrum
chunky graphic set from CHR$ 128 to CHRS 143 inclusive. This effectively
gives a screen resolution of 64*44 picels (c for chunky!) or 2816 in total.

Fortunately, by selecting the correct graphic characters for each four
adjacent picels a complete screen can be defined in 32*22 character spaces,
704 in total. Now it becomes manageable.

Coding the characters

The simplest way to produce such a screen image is to list 22 consecutive
PRINT statements, each containing up to 32 chunky graphic characters,
and RUN them. Easy for the programmer but almost impossible for
subsequent users to understand. The intended characters must be coded in a
legible form that can be keyed in with certainty.

The following program does just that and uses a world map as a
demonstration screen display. Once the data has been entered, in a mixture
of numbers and upper and lower case letters, the program automatically
produces the finished picture via an intermediate coded form. This proves
quite interesting to watch.

The program

Key in the program and RUN it. Then enter the lines of coded data line by
line from Figure 9.10a. The program is reasonably error-trapped, giving a
full opportunity to correct any entry, and is well prompted. Once all 20 lines
are completed (two lines are omitted for titling, etc) the program converts
the codes into the world map and displays the result recalled by PRINT TS$.
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Figure 9.10: Picture Drawing in Code Form ! ¢)  The computer converts the upper case letters in b) to the Spectrum chunky graphic set
(CHR$ 128 to CHRS 143 inclusive). The whole picture is stored in T$ for instant recall.

a) These codes are entered into the program as prompted. The numerics refer to the

number of consecutive solid squares — CHR$ 143. The lower case letters refer to the ZX Wortld Mzp @

number of blank squares — CHRS 128.

b)
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ZX Worid Map CODES

eEEDDNPPLCIbJbCIh
dGEaDaBPPKbBCJbPEMaEe
MMEJPHMIMKBPLCbbEMIARONSMPOMMA
3M2CEDFLAMBbNHONGG6C
LHPDPORPORC bEBHBSS5LDFb
AB402ICGOONSS0REDL

b4 JIPDBCMLLPDHHHGL IC

bSCe DRBBOPNGHRK C

bF2LL FNPONMMPHB IB
CHPREeESHOJH3LCe
dBHADJdFSODARABLBP IEe
FGMICBHLACLGRKAIC

fN2Me HPOLeGFKAMC

FSdF2K fCbBDb
FB3KJ4F2CIaNNIb

2L fPLRCeESODL
3PLCfFPCgBPHPLL

gPCs O CRF

gLvEC

3GXx

The computer converts the numeric and lower case codes from a) to upper case letters,

filling each character square.

ZIX World Map auvtoRECODED

ARARARAREEDDNPPLARR IRRJAAC IRARARRRKA
ARAAGERDABPPKRABRARJARPEMAERARRR
MMEJPN IMKBPLCRAEMIRONFPPPPMPOMMA
PREMPPCEDFL AMRGNHONPPPREPPRRPRPC
LHPOPORPOACRAEBHBPPPPPPRPPPLDFAA
ABPPPPOPP IRRAGOONPPPPPPPPPPOABAR
RRPPPPJPDBRRAMLL PDHHHPPPPPPL IRaH
ARAPPPPPCAARARDABBDPNPPPPPPHARKAAR
ARFPPLLARAARANPOMMPHPPPPPP IBAAAR
ARRHPRERRARRREPPPPPHOJHPRPLCARAKAGH
RARRBHADARRARFPPPPRODABL BP IERRRRR
ARRARAARGM IARABHL PPPPCRARGAKAICRRAR
ARAARANPPMARARAHPOL ARRARRGFKAMARR
ARAARAPPPPPARAKRRFPPKARRRARARCRAAKBDAA
RARRRABFPPKRRARFPPC IRARARBANN IRG
ARRRARAPPL ARARARPL ACAGRRAEPPPORG
ARARARAPL CARARBRPCRARRKRKABDRHPL AR
ARARAARAP CARARARGARRARRRARRKRKGDCRF
ARARAAAL ARAARARAARRKRAARRRARKKRBEL
ARRARARAGRAARARARARRAARASRARKARAR

Saving the DATA

The actual picture is now stored in the DIMensioned T$ array ready to be
SéVEd as prompted by the program.
The DATA as SAVEd can be MERGEG into other programs as follows:

LOAD “‘world”” DATA T$() ENTER

The picture is still called T$ so beware that this array name is not repeated in
the new program: and, of course, the program must be started with GOTO
(line number) and not RUN.

This particular program has now done its job and can in theory be
discarded. But, before doing so, SAVE the complete program on to tape
with GOTO 9990 for use with your own coded pictures.

Making your own coded pictures

The procedure to produce these coded pictures is tedious and is only
worthwhile if they are to appear in published form. Page 92 of the Spectrum
Manual lists the 16 chunky graphic set characters and these should be
marked A through to P, starting at CHRS 128 as A and finishing at CHR$
143 as P. The artwork is now prepared on squared paper using page 102 of
the Manual for guidance by overlaying tracing paper using the best shapes
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from the chunky graphic set. These are then converted into letters A to P 35@ LET
inclusive as appropriate. 36@ PRIN;=§S£EE;$égéf]+53
As the bulk of a simple picture is usually either blank or solid black (or any ;57EEEEW$=N$+CHR§ t ER S, CHR% t
other INK colour) the long strings of AAAAAAAA or PPPPPPP can be ¢ LET t 'EZ.U ; ¢ NEXT n: DIM t$(84@)
compressed in each horizontal line to lower case letters or numerals 38@ PRINT "“Tg$=W 5 -
; X - ‘Yo ; N Jorld Map-press ‘s
respectively. Use Figure 9.10a for guidance. For example, the final line: qg@sgég Ii*;*gggiﬁ (% -7
i E *EEX ,
4@ SAUE “"world" DRTR*;;?ffiii*
gGx means AAAAAAAGAAAAAAAAAAAAAAAAAAAAAAAA 4@S BEEP 1,1 :
‘ r?%Q”PR{NT B@, "rewindsplay to wve
where g equals the 7th letter of the alphabet and x the 24th. ¢3% EEégRiFI_“gorLd“ DPATA T ()
Those with programming experience can get the Spectrum to do the éa Saved OKﬁ:'SngNT FLASH 1,"da
conversion of chunky graphics to alphanumeric codes and so ease the task. §883 2585*33*3**g***************
i co er* '
Q REM S3#%:FX3¥FITLFLIF5F55XF585%
1® REM Spectrum Wortld Map
11 REM 33X 4FITTFESXFRFEFNT
28 REM CQoE toader
21 REM $%¥$XX$¥¥¥¥FFXXRFXFRXTF¥
S DIM e (2@,322)
660 DIM zZ%(20,32)
7@ PRINT "WM coder-enter Lline"
8@ FOR n=1 TQ 2
Q@ PRINT AT ©.,18;n .
1@@ INPUT "“Codes"’ LINE e%inl
11 PRINT AT n,@;es%(n)
12@ INPUT “OK (y of n)*; LINE 9 |
%: IF s="n" THEN GO TO {
13@ NEXT n
134 REM ¥ ¥ 3% ¥ ¥ ¥ FFXXFXFFEFFXFXXF
|

135 REM auto recoded

136 REM #¥*¥¥F¥XFXFIFFXFTXFXXF¥*

14@ PRINT PARAPER S;AT @,@; “xWort
d Map recodeds* ”

1S@ FOR n=1 TO 2@: LET h%="'""

160 FOR f=1 TO 32: LET XxX%=""

17@ IF estn,fF) >CHRE 8@ THEN GO
TO 220 3

1i8@ IF es$in,f) <CHR% &5 THEN GO
TO 25@ {

19@ LET h$=h%+es(n, )

20@ NEXT f: PRINT PRAPER 6;h%: L {
ET z%(nl=h%: NEXT n: GQ TO 31i@

210 REM $$¥FFFTFIEXFFFIFFIFIFFIFF

22@ FOR x=1 TO CcODE esi{n, fF}-96

232 LET X$=x%+"A": GO TQ 28@

240 REM #¥* ¥ ¥ FFFFFFEFFFXIFFFFX

25@ FOR xXx=1 TO CODE e%(n,f)-48

268 LET x$=xX3+"P": GO TO 28&

270 REM ### ¥ ¥ ¥ FFFEFFXXLXIFXXTXXEF

2808 NEXT X: LET h&%=h%+X%

29@ GO TO 20 {
300 REM I 35+ F ¥ FFFFXFXIXFIXRXXXFEF ‘ ~
310 PRINT PRPER &;ARAT 0,0Q; "xxlor
v o

Map ¥#
320 BORDER S: LET w$=""
330 FOR n=1 1O 20 |
34@ FOR f=1 TO 32 |
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CHAPTER 10
Spectrum Hints and Tips

Every programmer acquires some working knowledge of the strengths and
foibles of the computer system he uses and I have done this with the
Spectrum. Because of computing’s very nature, some of these discoveries
tend to be repeated for many different people, so apologies to all who have
read some of mine elsewhere or have found them out for themselves.

Error-trapping of entries

Generally any extensive error-trapping is omitted from this book for the
sake of brevity. The following routines are offered as guidance — I leave it
up to you to decide which part of your program(s) to place them in. Don’t
forget to renumber the lines.

1. Protecting numeric INPUTs within upper and lower limits
for DATE and TIME

100 INPUT ‘““month no’’, month

110 IF INT month< > month OR month< 1 OR month> 12 THEN
GOTO 100

120 INPUT ‘“‘day no’’, day

130 IF INT day< > day OR day< 1 OR day> 31 THEN GOTO 120

140 INPUT ‘‘hour (0 to 23)’’, hour

150 IF INT hour< > hour OR hour< 0 OR hour> 23 THEN GOTO 140

160 INPUT ““minute (0 to 59)”’, min

170 IF INT min< > min OR min< 0 OR min> 59 THEN GOTO 160

180 REM program ¢ontinues INPUTs complete

The following routine is much superior in rejecting any INPUTSs that are
not composed entirely in numbers (Line 520) and within limits (Line 550).
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2. Protecting INPUT to numeric only within upper and lower
limits for DATE and TIME

200 LET a$ = ““Year”’: LET a=2000: LET b= 1834: GOSUB 500 :
LETy=c

210 LET a$ = “Month”’: LETa=12: LET b=1: GOSUB 500 : LET
m=c¢

220 LET a$=*“Day’’: LETa=31: GOSUB500: LETd=c

230 LET a$ = “‘Hour’’: LET a=23: LET b=0: GOSUB 500 : LET
h=c

240 LET a$ = “Minute’’: LET a=59: GOSUB 500 : LET mi=c

250 LET a$=“Second’’: GOSUB 500: LET s=c

260 REM program continues INPUTSs complete

270 ...,

500 INPUT (a$;“(‘;b;”’ to *“;a;”’)”’;), LINE b$

510 FOR x=1to LEN b$

520 IF CODE b$(x)< 48 OR CODE b$(x)> 57 THEN GOTO 600

530 NEXT x

540 LET c=VAL b$

550 IF ¢>a OR c< b THEN GOTO 600

560 RETURN : REM INPUT checked OK

600 PRINT #0; FLASH 1; “Entry error’’: PAUSE 100: GOTO 500

Note: The values of a and b in Line 200 may be for any selected years. Line
500 appears on the screen (using the Year INPUT as an example) as

Year (1834 to 2000) ,

Line renumbering programs

If you go beyond the shortest routine (and even short routines have a habit
of growing like Topsy!) a renumbering program can be a great time saver
and will make your final listings more presentable. Various versions —
preferably in machine code and stored above RAM — are available
commercially on tape. It will be worthwhile, too, even if you choose to key
in a program published in a magazine, to have GOTOs and GOSUBs auto-
matically renumbered.

Conditional GOTOs or GOSUBEs, like . . .GOTOssky. .. or...GOSUB
k*10... may not be renumbered and must be done manually and in a
methodical manner. For example, if your program contains:
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LET sky = 1000
GOTO sky

1000 PRINT *“‘starchart”’

then amend Line 1000 to read ‘1000 PRINT ‘‘starchart’’ : REM GOTO
sky’. Once the program has been automatically renumbered, amend the
variable ‘sky’ to the new line number:

...LET sky = (line number with ‘““‘REM GOTO sky’’ at end of it)

In the absence of these REM statements as ‘flags’ the process can be along
chore.

ZX printer notes

Whilst developing a long program it can be exceptionally tedious to have to
search for and compare ‘pages’ of program listing. Hardcopy via the ZX
printer will help you retain your sanity! A complete LLISTing is often
unnecessary — just a few lines printed for comparison with the screen page
of interest with ...LLIST n (for line number) and BREAK when suffi-
cient, is printed.

Storing program listing from the ZX printer

The metalised ZX printer paper is very sensitive to finger marks and should
always be handled by the edges. If you are preparing a listing for submiss-
ion to a magazine, I advise you to take the precaution of washing your
hands immediately before touching the surface — accidents will happen.

Two widths of ZX printer will fit side by side on an A4 sheet of paper. A
minimum of 20 mm margins at the top and bottom of the page is preferable
— the listing trimmed with a stanley knife and straight edge. Be sure to cut
precisely between the lines of print. Sellotape the listings, very lightly, face
down on old newspaper and spray the backs with aerosol adhesive. Now
carefully apply the listing to the A4 sheet using a light pressure. Get the
listing photocopied for your own reference and store the original listing —
unfolded of course — in a strong envelope until needed.

A cheap A4 photograph album with cellophane leaf overlays is an ideal
place for storing short programs, routines and graphic printouts. This also
keeps them safe from prying (and dangerous!) fingers. If you do not poss-
ess*(or your household objects to the use of) picture rails to suspend long
listings, then rolling listings in the discarded cores of toilet paper may suf-
fice — the dimensions are just right to give the necessary protection.

If along listing is sent through the postal system in rolled form it must be
supported on a firm core — like the one at the centre of the ZX printer rolls.
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APPENDIX
Magazines and Clubs

General Astronomical Magazines

The following publications deal exclusively with astronomy. They occa-
sionally include articles on astrocomputing for the home micro.

Sky & Telescope

49 Bay State Road, Cambridge, Massachusetts 02238 — 1290
— monthly $2.00 plus postage, subscription only

Journal of the British Astronomical Association

Dept. SA, Burlington House, Piccadilly, London W1V ONL
— bimonthly £2.75, free to members

Astronomical Clubs and Associations

British Astronomical Association
Dept. SA, Burlington House, Piccadilly, London W1V ONL

Junior Astronomical Society
Dept. SA, Mr V. L. Tibbott, 58 Vaughan Gardens, Ilford, Essex IG1 3PD

The Federation of Astronomical Societies
Dept. SA, Mrs R. Naylor, 24 Julia Crescent, Stonebroom, Derby DE5 6LS

American Association of Variable Star Observers
187 Concord Avenue, Cambridge, Massachusetts 02138

Association of Lunar and Planetary Observers
PO Box 3AZ, University Park, Les Cruces, New Mexico 88001

Aﬁy of the above organisations should be able to advise on affiliated local
clubs.
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Other titles from Sunshine

SPECTRUM BOOKS

Spectrum Adventures

A guide to playing and writing adventures
Tony Bridge & Roy Carnell £5.95
ISBN 0 946408 07 6

Spectrum Machine Code Applications

David Laine £6.95
ISBN 0 946408 17 3

The Working Spectrum

David Lawrence £5.95

ISBN 0 946408 00 9

Master your ZX Microdrive
Andrew Pennell £6.95
ISBN 0 946408 19 X

COMMODORE 64 BOOKS

Graphic Art for the Commodore 64
Boris Allan £5.95
ISBN 0 946408 15 7

Commodore 64 Adventures
Mike Grace ' £5.95
ISBN 0 946408 11 4

Business Applications for the Commodore 64
James Hall £5.95
ISBN 0 946408 12 2

Mathematics on the Commodore 64
Czes Kosniowski £5.95
ISBN 0 946408 14 9

Advanced Programming Techniques on the Commodore 64
David Lawrence £5.95
ISBN 0 946408 23 8

The Working Commodore 64
Dayid Lawrence £5.95
ISBN 0 946408 02 S

Commodore 64 Machine Code Master
David Lawrence & Mark England £6.95
ISBN 0 946408 05 X
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ELECTRON BOOKS

Graphic Art for the Electron

Boris Allan £5.95
ISBN 0 946408 20 3

Programming for Education on the Electron Computer

John Scriven & Patrick Hall £5.95
ISBN 0 946408 21 1

BBC COMPUTER BOOKS

Functional Forth for the BBC computer

Boris Allan £5.95
ISBN 0 946408 04 1

Graphic Art for the BBC Computer

Boris Allan £5.95
ISBN 0 946408 08 4

DIY Robotics and Sensors for the BBC computer

John Billingsley £6.95
ISBN 0 946408 13 0

Programming for Education on the BBC computer

John Scriven & Patrick Hall £5.95
ISBN 0 946408 10 6

DRAGON BOOKS

Advanced Sound & Graphics for the Dragon

Keith & Steven Brain £5.95
ISBN 0 946408 06 8

Dragon 32 Games Master

Keith & Steven Brain £5.95
ISBN 0 946408 03 3

The Working Dragon

David Lawrence £5.95
ISBN 0 946408 01 7

The Dragon Trainer

A handbook for beginners
Brian Lloyd £5.95
ISBN 0 946408 09 2

ATARI BOOKS :

Writing Strategy Games on your Atari Computer
John White £5.95
ISBN 0 946408 22 X
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Sunshine also publishes

POPULAR COMPUTING WEEKLY

The first weekly magazine for home computer users. Each copy contains
Top 10 charts of the best-selling software and books and up-to-the-minute
details of the latest games. Other features in the magazine include regular
hardware and software reviews, programming hints, computer swap,
adventure corner and pages of listings for the Spectrum, Dragon, BBC,
VIC 20 and 64, ZX 81 and other popular micros. Only 35p a week, a year’s
subscription costs £19.95 (£9.98 for six months) in the UK and £37.40
(£18.70 for six months) overseas.

DRAGON USER

The monthly magazine for all users of Dragon microcomputers. Each issue
contains reviews of software and peripherals, programming advice for
beginners and advanced users, program listings, a technical advisory
service and all the latest news related to the Dragon. A year’s subscription
(12 issues) costs £8.00 in the UK and £14.00 overseas.

MICRO ADVENTURER

The monthly magazine for everyone interested in Adventure games, war
gaming and simulation/role-playing games. Includes reviews of all the
latest software, lists of all the software available and programming advice.
A year’s subscription (12 issues) costs £10 in the UK and £16 overseas.

COMMODORE HORIZONS

The monthly magazine for all users of Commodore computers. Each issue
contains reviews of software and peripherals, programming advice for
beginners and advanced users, program listings, a technical advisory
service and all the latest news. A year’s subscription costs £10in the UK and
£16 overseas.

For further information contact:
Sunshine

12—-13 Little Newport Street
London WC2R 3LD

01-437 4343

Printed in England by Commercial Colour Press, London E7.
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