A KIM-1

SIDEREAL/SOLAR CLOCK

by John O. Bumgarner

This program includes both major and minor timing
loops and can be tuned to run accurately with a wide
range of clock frequencies. This program will also fit
nicely into the KIM-1 scratch pad area.

Adjusting the clock rate by time fillers is an example
of “fixing it in the software” rather than electronically
adjusting the crystal clock rate. The fillers at locations
0216 and 0218 provide a 4 psec. to 12 usec. range of
delays depending on the instructions loaded here. A 1
usec. change in this delay results in about 19.82
seconds per day change in the clock rate. Inspection of
the MCS 650X Instruction Set Summary Card shows
several 2-byte instructions with execution times of from
2 usec. to 6 usec. The instructions chosen should not
modify the time stored at locations 0020, 0021, 0022, the
X register or the decimal mode bit.

The minor timing loop has the delay formula

Delay = 6 + 5(N-1) + V psec. where
6 = 2 + 4, 2 psec. for the load X,
4 psec. for the loop without a branch
5 = loop time with a branch, usec.
N = loop count, $01 to $FF or $00
V = variable time filler 2 usec. to 6 usec.

1]

The delay introduced by this timing loop will vary from
8usec.(N = 1,V = 2 psec.) to 1282 usec. (N = 255,V =
6 usec.). The loop will go 1287 usec. if N = 00 since X is
decremented to 255 before testing.

An example: Suppose you determine that your KIM-1
is running 10.63 seconds/day fast by observing it
against a time standard such as WWV. Patient observa-
tion over several weeks will be necessary if the KIM-1 is
close to the desired rate. The number of microseconds
to delay per second is:

10.63 x 10° _ 10630000 _
60x60x24 86400

123.03 or 123 psec. per second

The loop parameters are found this way:
128 -6 = 117 (the fixed delay amount)

117

—— =234
5

2310 = 171s .

The loop parameters would be $17 at location 021E
and the filler would be 2 psec. — say a LDY immediate
instruction. By choosing the loop count and filler appro-
priately any delay in the range of the loop can be achieved
to the nearest microsecond. A change of one microsec-
ond in this loop will result in a change in the clock rate
of 0.0864 seconds per day or about 30 seconds per year.

The KIM-1 programmable internal timers could be used
for both the major and minor delays but require “watch-
ing"" the timer or the wiring of the interrupt lines on the
KIM-1 and are not so simple to tune as the delay loops.

(23 loops plus 0.4 x 5 = 2 psec. more),
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The crystal clock rate can be accurately adjusted to
the nearest microsecond by “fixing” it in the KIM-1
software fillers.
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SIDEREAL/SOLAR CLOCK PROGRAM FOR KIM-1

HEX ADDR CODE  LABEL
0200 A2E9 L1 LDX $E9
2 d8 CLD
3 A520 L2 LDA HR
5 B85Fb STA Fb
7 A521 LDA MI
9 85FA STA FA
b A522 LDA SE
d 85F9 STA F9
020F 8623 STX T1
0211 20 1F 1F JSR SCANDS
4 AB23 LDX T1
6 A100 LDA (0,%)
8 A100 LDA (0,X)
A CA DEX
b dOE6 BNE L2
d A216 LDX $90
021F CA DEX
0220 dOFd BNE =1
2 b500 LDA 0,X
4 F8 SED
5 18 CcLC
6 A522 LDA SE
8 6901 ADC $01
A 8522 STA SE
C 960 CMP  $80
023E  d0d0 BNE L1
0 8622 STX SE
2 As521 LDA MI
4 6900 ADC $00
6 8521 STA M
0238 C960 CMP $60
A doC4 BNE I35
C 8621 STX Ml
023E  A520 LDA HR
0240 6900 ADC $00
2 8520 STA HR
4 €924 CMP  $24
6 dobs BNE L1
8 8620 STX HR
024A FO64 BEQ L1
END @0200
NOTES:

COMMENTS
Load X with timing loop count, Note 1.
Clear decimal mode.

Move time to display area. Note 2
major
timing
loop
Save loop count. Note 2

Jump to KIM-1 display subroutine.
restore loop count.

Note 3.

decrement loop count,

Branch to loop head if X # 0. y
Load X with timing loop count. Note 6.
Decrement loop count.

If X#0, go back one line.

>Note 4.

Set decimal mode for arithmetic.}
Clear carry bit.

Pick up seconds count.

Add one to it.

Put it back.

Compare seconds count to sixty.
If seconds not equal to sixty, to to the start. Note 5.
Set seconds count to zero (X is zero here).

Pick up minutes count.

Add one to it (the CMP at 022C set the carry bit on
equal).

Put it back.

Compare seconds count to sixty.

If minutes not equal to sixty, go to start.

Set minutes to zero.

Pick up the hours count.

Add one to it.

Put it back.

Compare hours to 24. Note 6.

If hours not equal to 24, go to the start.

Set hours to zero.

Go to start.

minor timing loop

establish &
clean environment

1. For regular time rate (UT or solar rate) load $EA instead of $ES.

2. Zero page locations used: 0020 for seconds, 0021 for minutes, 0022 for hours and 0023 temporary.

3. These two instructions are timing fillers. The two above are a 12usec delay for sidereal time. For solar time my
KIM-1 needs a delay of 8usec and | use E6 23 A523 (INC T1, LDA T1) here.

. This instruction is a time filler. It will probably be different in your KIM-1 for sidereal or solar rate, see text.
. The compare instruction just before this branch sets the carry bit on equal compare. Therefore when seconds
equal sixty the branch is not taken and adding zero later results in adding one due to the carry.

Compare hours to thirteen.

If hours not equal to thirteen, go to the start.
increment X. X is not $01.

Store X in hours.

Go to start.

4
5.
6. For solar time on my KIM-1 this constant is $16 instead of $90.
7. For 12 hour clock use the following code:
0244 €913 CMP $13
6 dob8 BNE L1
8 EB8 INX
9 8620 STX HR
024b Fob3 BNE L1
END @0200

8. To run, load the time, HR:MI:SE, in 20 to 22 on page zero and GO at address 0200.
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LOCAL SIDEREAL TIME & DATE

by James J. Brennan

DESCRIPTION

The following BASIC application program calculates
the Greenwich Mean Time (GMT), Greenwich Sidereal
Time (GST), Greenwich Sidereal Date (GSD), Julian Date
(JD), corrected Local Mean Time (LMT), and Local
Sidereal Time (LST).

PROGRAM

10 PRINT

40 PRINT" ASTRON 2

50 PRINT"A PROGRAM TO DO ASTRONOMICAL COMPUTATIONS FOR YOU
60 PRINT

70 REM INITIALIZE THE PROGRAM

B0 GOSUB 1000

90 REM GET THE REQUIRED INFORMATION FOR THE CALCULATIONS
100 GOosuB 2000

110 REM CALCULATE THE NUMBER OF ELAPSED DAYS FROM TIE BASE
120 REM DATE TO THE DATE IN QUESTION

130 GOSUB 3000

140 REM CALCULATE THE JULIAN DATE (AT 0 HRS U.T.) FOR

150 REM THE DATE IN QUESTION. (AT GREENWITCH LONGITUDE)
160 GOSUB 4000

170 REM CALCULATE THE SIDEREAL DAY

180 GOSUB 5000

190 REM CALCULATE THE GREENWITCH SIDEREAL TIME

200 GOSUB 6000

E@I{w’ iz

|
I
|
|
|
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210 REM CALCULA
220 REM CIVIL TI
230 GoSUB 7000

AND TIME ZONE

240 REM CONVERT THE GREENWITCH SIDEREAL TIME ACCOUNT FOR

250 GOSUB 8000

260 REM CONVERT GMT TO LMT

270 GOSUB %000

280 REM CONVERT GMT TO LOCAL SIDEREAL TIME
290 GOSUB 10000

899 REM PRINT OUT THE DATA THAT WAS CONPUTED
900 GOSUB 20000

1000 REM INITIALIZATION SUBROUTINE

1001 DEFDBL A-H

1002 DEFDBL J-2

0666667#&:REM 1"LONGITUDE= C SECONDS OF
76

1.0027379093¢
.99726956644
244

3000.5
443000.5%

1845 C5A
1850 Ch=244

9690
1861 C7A=2.44969E+06
B

10
1690 C10=76
1900 DS=B6400 !
1905 DX=86636.555364
1910 HS=3600

THE GREENWITCH MEAN TIME GIVEN THE LOCAL

SOLAR TIME
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20010 PRINT:PRINT:PRINT

;gég gi:;au 20020 PRINT"FOR THE CIVIL DATE ";M;D;¥
TOAD SYe74496004 20030 PRINT"AND THE CIVIL TIME "CH.CH'CS czs
oon o 20040 PRINT:PRINT*AT A LONGITUDE OF LisL
éggg ;Eguésammml—: 10 GET THE REQUIRED 1NFORMATION 20050 PRINT:PRINT"THE FOLLOWING INFOFHATION APPLIES:"
2010 PRINT"ENTER THE NONTH,DAY,AND THE LAST TWO NUMEERS OF THE 53323 if: Sﬁiﬁzﬁ"ﬂEipéﬁféﬁfz
20 revmoan o) Gueee e, Sout Pomper e Conta 30060 PRINT: PRINI RS VI TUE GREETMICH AEAN TIME (OR U.T.) 18 "Gionice
2040 PRINT:PRINT"ENTER THE LOCAL CIVIL TIME HOUR, MINUTE,AND ;332% %E Sﬂifﬂ“?:si"s:féﬁfu
. : .
;gzg g:§$"gf$§“r§ﬁgﬂ Tlsg‘x}gggurg; E.g“ms" RN s TR g 20070 PRINT:PRINT"THE GREENWICH SIDEREAL TIME IS
Lo “ 20080 PRINT:PRINT"THE GREENWITCH SIDEREAL DATE IS
2 " 2 : T (PST ¢ 3
gggg fs;ﬁ:{;:m‘ WHAT IS THE CIVIT TIME ZONE (PST OR PDT) T806h RRTNTEEATI i SULEA DL 25 Taap
2070 PRINT:PRINT"ENTER THE DEGREES, SECONDS, AND MTNUTES ig:;’g g 1[«::’2;;‘“?:‘:*”;:?:3{424
p i ONGITUDE OF THE PLACE TN QUESTION H H L
gggg ;;;::"O?AEA[N, B aRG i iy CUMM%‘_) 20100 PRINT:PRINT'THE LOCAL MEAN TIME {CORRECTED FOR
2100 PRINT"WHAT IS THE LONGITUDE";:INPUT DL,ML,SL 20110 PRINT"LONGITUDE"; DL;ML;SL ") 18 ";LH;LM;INT(LS)
2999 RETURN 20120 PRINT:PRINT"THE LOCAL SIDEREAL DAY IS";W2
3 : i 5 E OF ELADSED DAYE 20129 IF W3<0 THEN W3=W3+24 .
AEoD Mo IOUNINE YO SALCULhtE THE WULIES QUESTroN 20130 PRINT:PRINT"THE LOCAL SIDEREAL TIME IS ";W3:W4;INT(W5)
3020 DIM T(13) e
3060 DATA 31,28,31,30,31,30,31,31,30,31,30,31 1000 REM INTTIALIZATION ROUTINE
3090 D3=0 1001 REM THE FOLLOWING REMARKS STATEMENTS CONTAIN THE
3100 IF CB>2 THEN 3130 . 1002 REM BASIC ASTRONOMICAL TIMEKEEPING INFORMATION
3115 IF INT(C10/4)-(C10/4)<>0 THEN 3130 1003 REM USED IN THIS PROGRAM (FOR INFORMATION ONLY)
3120 D=1 1010 REM GST=GREENWITCH SIDEREAL TIME
3130 FOR 1=1 TO 12 1020 REM GMT=GREENWITCH MEAN TIME
3140 READ T(I) 1030 REM UT=UNIVERSAL TIME (ANOTHER NAME FOR GMT)
3160 NEXT I 1040 REM LMT=LOCAL MEAN TIME
3170 D3=T(CB)-CY9+D3 1050 REM LCT=LOCAL CIVIL TIME
3200 POR I=C8+1 TO 12 1060 REM OCAL SIDERIAL TIME
3210 p3=T(1}4D3 1070 REM HEENWITCH HOUR ANGLE
3220 NEXT I 1080 REM CAL HOUR ANGLE
3260 ¥3=C10 1090 REM BA=RIGHT ASCENSION
;g:g \{;=g;lv R 1100 REM LST=RA (AT UPPER TRANSIT)
= 3 T=RA+LHA
3310 TF INT(Y3/4)-(Y3/d)=0 THEN 3340 ST-RA
3315 DI=DI+165 T=LHA ARIES
3325 GOTO 325% 1140 REM GST=GHA ARIES
1340 DI=D3+366 1150 REM GST=LST+WEST LONGITUDE CONVERTED TO TIME
3350 GOTO 3265 1160 REM GST=LST-EAST LONGITUDE CONVERTED TO TIME
3370 IF M<=2 THEN 34ﬂﬂf 1170 REM GMT=LMT+WEST LONGITUDE CONVERTED TO TIME
3380 IF INT(Y/4)-(Y/4)¢20 THEN 3400 1180 REM GMT=LMT-EAST LONGITUDE CONVERTED TO TIME
3390 D3=D3+] 1190 REM 1" LONGITUDE= 0,666667 SECONDS OF SOLAR TIME
3400 FOR I=1 TG.M-1 1200 REM 1' LONGITUDE= 4 SECONDS OF SOLAR TIME
3810 DI=T(I)+D3 1210 REM 1 DEGREE LONGITUDE= 4 MINUTES OF SOLAR TIME
3420 NEXT 1 1220 REM 15 DEGREES LONGITUDE= 1 HOUR OF SOLAR TIME
3430 D3=0+D3 1230 REM 24 HOURS OF SIDEREAL TTME IS EQUAL TO
gg:g 1P Sif;"ﬂ:ﬁ”ﬁ‘;‘}‘;i"s ]lzw REM 23 HOURS,56 MIN, 04.1 SEC OF SOLAR TIME
= =D3- 250 REM
3333 ;?:U:gu'rms TO CALCULATE THE JULTAN DATE 1590 B 24 [20ms OF MEAN SOLAS TTME I3 mALAL 70
JHU0. BEM ROUTINE,TO CANCULATD e JULTAN DMIE }zvn REM 24 HOURS, 03 MIN, 56.6 SEC OF SIDEREAL TIME
E T 280 REM
4020 REM AUGUST 10, 1976 15 2,443,000:5 1290 REM FOR EACH 1 HOUR OF SIDEREAL TIME, 1 HOUR OF
:g;g 55%2%3;1@5 U.T. AT GREENWITCH 1300 REM MEAN SOLAR TIME IS 9.83 SEC SHORTER
= 1310 REM
4999 RETURN 1320 REM FOR EACH 1 HOUR OF MEAN TIME, 1
5000 REM ROUTINE TO CALCULATE THE STDEREAL DATE IN TOTAL SECONDS 1330/ REM BIDELEAL TINE 38 9.37 s&gg;gnmncsé HOUR OF
5010 REM AT 0 HRS U.T. ON THE DATE IN QUESTTON 1340 REM
5030 REM S5D=2449690.0 ON AUG 10 1976 1350 REM 1 SOLAR SECOND=1.00273791 SIDEREAL SECONDS
5080 5T=5K * pS 1360 REM 1 SIDEREAL SECOND=0.997270 SOLAR SECOND
2232 ;\SE‘:;DJ DX 1370 REM PIRST POINT OF ARIES IS ABOUT MARCH 21
3 1380 REM SUMMER SOLS S
6000 REM ROUTINE TO CALCULATE THE GREENWITCH SIDEREAL TTME 1390 REM !\U'I’UMNAz é;ﬁﬁgﬁ?;ﬂg%ﬂ;’;‘;’i]
6010 REM THE GST AT O HRS U.T. ON THE BASE DATE OF 1400 REM WINTER SOLSTICE IS ARDUT DEC 22
6020 REM AUG 10,1976 WAS 21 HOURS, 14 MINUTES, 23.155 SEC, 1410 REM g B
SDal Rih A 10,1218 MAR 2L REM FPA TO FPA IS 365 DAYS,05 HOURS,48 MIN,46 SEC
(MEAN STDE.  TIME) 1420 REM AND 15 CALLED THE TROPICAL YEAR
6050 SZ=SY+(21*HS+14*M5+23,155) 0K
6999 RETURN
7000 REM CALCULATE THE ACTUAL GREENWICH MEAN TIME FOR THE RON
7010 REM CIVIL TIME ENTERED
7030 CT=CHYHS+CMYMSHCS ASTRON 2
7040 TF CT=>24%H5 THEN 7500 A PROGRAM TO DO ASTRONOMICAL COMPUTATIONS FOR YOU
7080 TF CZ$<>"PST' THEN 7600
7090 IF CZS="PST" THEN CT=CT+8*HS: REM ADD B HOURS ENTER THE MONTH,DAY,AND THE LAST TWO NUMBERS OF THE
7100 TF CZ$="PDT" THEN GT=CT+7*HS: REM ADD 7 HOURS YEAR IN QUESTION. DONT FORGET THE COMMAS!
7130 GH=1NT(GT/HS) WHAT 15 THE DATE? 7,9,77

7140
7150
7160
7170
7499

7510
7520

GR=GT- (GH*HS)
GM=INT(GR/MS)
GR=GR- (GM*MS)
GS=GR

RETURN

PRINT"THERE WAS AN ERROR IN THE CIVIL TIME THAT YOU ENTERED

PRINT"PLEASE RE-ENTER THE LOCAL TIME IN HRS,MIN, SEC
PRINT"WHAT IS THE CIVIL TIM! : INPUT CH,CM,CS:GOTO 7000
1F CZ$="PDT"THEN 7100 ELSE 7610
PRINT:PRINT: PRINT" RE-ENTER THE TIME 20NE.
PRINT" OR PDT. WHICH IS IT";:INPUT C2Z$:GOTO 7080
REM CONVERT GREENWITCH SIDEREAL TO ACCOUNT FOR THE
REM ACTUAL GMT

SE=SZ4GS

SD=INT(SZ/DS) : SR=SZ~(SD*DS ) : SH=INT(ER/HS) : SR=SR= [ SH*HS)
SM=INT{SR/MS):SR=5SF~(SM*MS ) : S8=5R

RETURN

REM CONVERT GMT TO LMT

TL=DL*HS+ML*MS+5L

90B0 LH=INT(LT/HS)

9090 LR=LT-(LH*HS)

9100 LM=INT(LR/MS)

9110 LR=LR-{LM*MS)

9120 LS=LR

9999 RETURN

10000 REM ROUTINE 10 CONVERT GMT TO LOCAL SIDEREAL TIME
10080 W1=52-(T2*1.0027379093#)

10090 wW2=INT(Wl/DS EM DAYS

10100 Wé=Wl-(W2*DS SFC REMAINING

10110 W3=INT(W6/HS HOU

10120 WE=W6—(W3I*HS SFE‘ REMAINING

10130 WA=INT(W6/MS HIN

10140 EM SEC REMAINING

10150 W5=W6:REM SECOMDS OF LOCAL SIDEREAL ‘IME
20000 REM ROUTINE TO PRINT OUT THE DATA COMPUTED
34 INTERFACE AGE

1T CAN ONLY BE

PST

ENTER THE LOCAL CIVIL TIME HOUR,MINUTE,AND

SECOND (DON'T FORGET THE COMMAS)! WHAT IS THE LOCAL
CIVIL TIME? 11,45,30

WHAT IS THE CIVIL TIME ZONE (PST OR PDT)? PDT
ENTER THE DEGREES, SECONDS, AND MINUTES

OF LONGITUDE OF THE PLACE IN QUESTION

(AGRIN, DONT FORGET THE COMMAS!)

WHAT IS THE LONGITUDE? 121,07,30

FOR THE CIVIL DATE 7 1
AND THE CIVIL TIME 11 45 130 PpT
AT A LONGITUDE OF 121 7 30

THE FOLLOWING INFORMATION APPLIES:

THE GREENWICH MEAN TIME (OR U.T.) IS 18 45 30
THE GREENWICH SIDEREAL TIME 18 19 7 46

THE GREENWITCH SIDEREAL DATE IS 2450024
THE JULIAN DAY IS 2443333.5

THE LOCAL MEAN TIME {CGHRECTFD FOR
LONGITUDE 121 7 30 1§ 10 40 59

THE LOCAL SIDEREAL DAY IS 2450024

g;m LOCAL SIDEREAL TIME

AUGUST 1977




