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This manual provides the Installation procedures, theory of operation, and
maintenance procedures necessary to install, operate, calibrate, maintain and
understand the Solar Insolation Recording System (SIRS) which is a micro-
computer-based data acquisition system used to collect solar insolation data.
Traditionally solar data has been collected in an analog format (strip chart).
Lag quantities of data were particularly difficult to manipulate. Theref ore,
to simplify the processing of data, a data acquisition system was designed and
built which produced a computer compatible data medium.
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Wn the case of SIRS, the data media is digital cassette tapes. These tapes
can be read into a larger computer where complex data manipulation/processing
can be accomplished. This document strictly addresses the data acquisition
system. Data reduction and manipulation will be covered in the final technical 4/f
report on Solar Radiation Measuring.
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PREFACE

This report was prepared by SMSgt Edward E. Stapleton and 1st Lieu-
tenant Michael R. Mantz of the Energy Research Office, Engineering and
Services Laboratory, Air Force Engineering and Services Center. The
development was conducted by SMSgt Stapleton and 1st Lt Mantz as part of
a larger Solar Radiation Measuring effort.

Whe- Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data, is not to be regarded by implica-
tion or otherwise as in any manner licensix.q the holder or any other
person or corporation, or conveying any rights or permission to manufac-
ture, use, or sell any patented invention that may in any way be related
thereto. Any reference to a particular manufacturer of product brand is
by no means to be considered an endorsement of that company or product.

This report has been reviewed by the Information Office (01) and is
releasable to the National Technical Information Service (NTIS). At NTIS
it will be available to the general public, including foreign nations.
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SECTION I

INTRODUCTION

1.0 BACKGROUND

This interim technical report addresses the Solar Insolation Record-
ing System (SIRS), a piece of hardware developed as a part of a larger
effort on Solar Radiation Measuring. This project was undertaken to
provide (1) an adequate data base for large scale design of solar energy
collectors, (2) to provide correlation between local measurements of solar
radiation and regional measurements being taken by National Oceanic and
Atmospheric Administration (NOAA) and (3) to determine the applicability
of this equipment to current or future Air Weather Services procedures.
The hardware/software development began in January 1978 and was completed
in April 1978.

The system was initially tested from June 1978 to August 1978. It
was installed at Det 9, 12th Weather squadron, 3rd Weather Wing, Tyndall
AFB, Florida on 11 November 1978 for operational testing. Development was
initiated by the Air Force Civil Engineering Center and was completed by
the Civil and Environmental Engineering Development Office (CEEDO). Since
this effort was completed, CEEDO has become the Directorate of Research
and Development of the Air Force Engineerinq and Services Center (AFESC).

2.0 PURPOSE OF MANUAL

This manual provides the user with the installation procedures,
theory of operation, and maintenance procedures necessary to install,
operate, calibrate, maintain and understand the SIRS, developed and con-
structed by members of the Energy Research Office of the Air Force Enqineer-
ing and Services Laboratory (Figure 1). Schematics of SIRS components are
presented in Appendix A.

00 -

Figure 1. Solar Tnsolation Recording System
(Less Pyranometer)
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TABLE 1. OPERATION OF SOLAR INSOLATION
RECORDING SYSTEM

A. Start Up:

1. Turn on power.
2. Set record interval (1, 10, or 60 minutes).
3. Set "record" switch down.
4. Set "date/time" switch to time.
5. Set time:

Depress "set" switch while incrementing display using
switdes under individual digits (24-hour time).

6. Set date/time switch to date.
7. Set Julian date as in step 5 above.

(8235 = 1978 235th day)
8. Install cassette.
9. Depress load forward until leader is run off.
10. Depress bar on top of recorder so head contacts tape.

11. Set "record" switch up.

B. Changing Tapes:

1. Set record switch down.
2. Depress release button on recorder.
3. Remove tape.
4. Install new tape.
5. Depress load forward until leader is run off.
6. Depress bar on top of recorder so head contacts tape.
7. Set record switch up.

C. Power Failure/Reset:
Set time and date as in A5, A6, and A7.

...... ." 'Z ---2 - - .. ... ... . .. .. .. ... . .J .• ,, ,i - ... ... ... .." u • In . . " - T. , - , . ... -.. . . ..L'6



CALTIRAT TON

The end instrument should be calibrated once a year or pior itw boti
installed if more than a year hag eIa~ed since the last calibration.

T'ie ryratiometer (not the rvt-dor) mhould be sent tot

Solar Radiation Facility
National Oceanic and tnompheric Adm
Environmental Researmh Laboratories
Roulder CO 80302
ATMI'ti #rEdwin C. Iovrs

CAlibration takes app~roximately three weeks.

The integrator can be calibrated usinQ A 1O. millivolt source to
adjust the gain and offset.

With a NOAA calibration of 8.81 x 10- vkI.ts/'watt-mte--, the
oounter is adjusted to pr-oduce 359.2 -ounts/ hour with a 10 MI inp'ut uainlo
the formulat

Sensitivity 8. 3x V x 1 5 h!4 r

W," 2 tft 2- hour

S5.92 9~tu/ft -hour AWV

10 mV - 359. tu/ft .!hour

where the derived constant is 8.93 x 10 - 6 V Wl And1

1 tuift2 -hour - 3.lS2461 W,%



SECTION V

MA INTENANCE

Pyranometers in continuous operation should be inspected, ideally, at
least once per day. At these inspections, the (outer) hemisphere should
be wiped clean and dry with a lint-free soft cloth. in desert or arid
regions, the hemisphere should be cleaned very gently in order to prevent
scratching of the surface. Such abrasive action can alter appreciably the
original transmission properties of the material and, hence, the radi-
ometer calibration. If frozen snow, glazed ice, hoar frost or rime is

present, an attempt should be made to remove, at least temporarily, the
deposit carefully with warmed cloths. In the polar regions, it will be
necessary to experiment to discover the best method of keeping pyrano-
meters frost free. It has been found that warm cloths (heated inside the
recorder hut and held against the body while travelling between hut and
instruments) are sometimes useful. Under some conditions, it is impos-
sible to keep frost off the instruments for any length of time; in such
instances, attempts should be made to remove frost at convenient times
during the day when the sun is shining.

Should the internal surface of the (outer) hemisphere become coated
with moisture, it can be cleaned by careful removal on a dry day, allowing
the air to evaporate the moisture and then firmly resecuring the hemi-
sphere. The inside of the hemisphere should not be wiped unless smears
are visible. Precautions should be taken to avoid scratching the under-
surface of the collar carrying this hemisphere. The external surface of
the inner hemisphere can also be cleaned, if necessary, when the outer one
is removed. Should moisture be deposited on the inside of the small
hemisphere, it can similarly be removed. However, extreme care must be
exercised since the thermopile element is now unprotected and could be
seriously damaged.

Occasionally, the desiccator installed in the pyranometer case should
be inspected. Whenever the silica gel drying agent is pinkish or white in
color, it should bo replaced. (silica oel can be rejuvenated by drying
in an oven at about 135o C for a few hours, until the original dark blue
color reappears) .

The circular spirit level of the pyranometer should be inspected at
regular intervals.

Other than verification of proper operation, no preventive mainte-
nance is required for the recording equipmont.

LIM...



SECTION VI

SYSTEM OVERVIEW

The instrumentation system consists of a pyranometer, an integrator,
a single-board microcomputer, a digital cassette recorder, and a front
panel which consists of a four-digit display and input switches (Figure 6).

SOLAR INSOLATION HLCORDING SYSTEM

BLOCK DiAGRAM

'POWERIFRN

SUPPLYPAE

Figure 6. SIRS Block Diagram

1.0 HI{AWWRE OVERVIEW

The pyranometer is an Eppley Laboratory Precision Spectral Pyra-
nometer, Model PSP. The output of the pyranometer thermopile is fed
directly to the input of an Eppley Laboratory Electronic integrator, Model
411. where the low level analog signal from the pyranometor is amplified
and converted into a pulse-rate output proportional to the input signal.
This output pulse train is counted and totalized to produce the integral
of the input signal. The count is displayed on an electronic digital
counter which counts in binary coded decimal (BCD). The BCD from the
display is also paralleled to connector P102 at the rear of the inte-
grator. along with the interval selection switch and integrator reset.

The microcomputer is an Intel Rinqle Board Computer, .99C 80/10, with
an Intel SBC 630 power supply. The SBC has an 8080 CPU, system clock. IX
by 8 bit words of read/write memory (RAM), provision for up to 4K by A

9
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2.0 SOFTWARE OVERVIEW

After power-up, the program initializes the I/O and selected memory
locations and then enters the main loop. The main loop simply calls three
subroutines, checks the position of the date/time switch, displays either
the date or time, and then jumps to the beginning of the main loop.

The first routine, called STBYCK, senses the record/standby switch
position and sends a file gap to the recorder on a transition from
"stand-by" to "run." This in turn resets the recorder word counter.

The next routine, RCDTM, checks the time and at seconds = 9f stores
the integrator output, resets the integrator, and then records the date,
time, data, and interval.

SWCHK scans the front panel switches. If a switch is depressed,
SWCHK increments the appropriate counter. If no switch is depressed, the
routine is exited.

TIMIT is an interrupt-driven, real-time software clock. An interrupt
is generated every sixtieth of a second by a hardware, real-time clock genera-
tor. These interrupts temporarily stop the execution of the main program
loop. TIMIT updates the time and date counter and then returns control
to the main programs.

12
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SECTION VII

THEORY OF OPERATION

1.0 SYSTEM INITIALIZATION

System power is applied through the "on-off" switch on the integra-
tor. This causes a power-on reset sequence in the microprocessor, which
immediately jumps to PRO14 memory location 50H where initialization is
started. To initialize the I/O ports, (see Appendix B), an initialization
word is sent to the appropriate control registers. Group B I/0 ports auto-
matically come up with all ports set for "INPUT." Group A I/O ports are set
so port 1 is "INPUT" and ports 2 and 3 are "OUTPUT." Memory locations for
time, date, and interval are initialized to 0f (See Appendix C.)

An integrator reset and a recorder file gap command are also
generated at this time. This is accomplished by strobing bits 5 and 6 of
port 2 low, then high. All output ports are active low. The integrator
requires an active low for reset; however, the recorder requires active
high for all inputs, control and data. The recorder also requires a +12
volt logic level. Since the port output is only +5 volts, an inverting
buffer is used to drive all recorder inputs; the output of the buffer is
active high at +12 volts.

2.0 RECORD/STANDBY SWITCH

After initialization, the first subroutine called STBYCK checks the
setting of the record/standby switch, SW7, (all front panel switches are
debounced prior to being applied to a port). The output of the debouncer
for SW7 (J102-S) is applied to port 1 bit 6 (JlA-18), where it is checked
for 'record' or 'stby.' If 'stby,' a flag is set and the subroutine is
exited. The first time this subroutine is called after SW7 is put into
the "record" mode, a check is made of the flag. If set, a file gap is
generated and the flag reset, which insures only one file gap will be
generated for each transition of the switch from standby to record. This
allows tapes to be changed and the recorder word counter to be reset with-
out interfering in any way with the other operations. When SW7 is in the
standby position it also holds off the recording process in the subroutine
RECDAT.

3.0 TIME/DATE SET SWITCHES

SW5 (run/set) is a momentary-on switch that must be held down while
incrementing the date or time. It appears at port 1 bit 9 (JlA-21), and
is sensed in SWCHK. After the program determines that SW5 is in the "set"
position it checks SW6, port 1 bit 1 (JlA-22) for date or time (date -
active high, time - low). If SW6 is in the date position, first the date
will be displayed and then the four switches (SW I through SW 4) will be
scanned. The memory location for the digit above a switch will be incre-
mented each time that a switch is depressed and the new number is
displayed.

13



The diagram below depicts the relationship of SWI through SW4 to
the display, input port, and SBC connector JIA.

Switch Display Digit Port I SBC Input

I I Bit 2 ,1LA 23
2 2 Bit 3 JiA 24
3 3 Bit 4 JiA 20

4 4 Bit 5 JIA 19

If SW6 is in the time position the memory locations for time
will be incremented in the same manner as the date, above.

4.0 TIME/DATE DISPLAY

The data inputs of the individual digits of the display are wired in

parallel. After data are latched up at the output of port 3, the indi-
vidual display digit selected for displaying that data is strobed and the
data latched into the digits memory where they are retained. The lower four
bits of port 3 are used for both the display and the eight bit word sent
to the recorder. The "digit latch" and "record" strobes determine which

of these responds to, or accepts, the data for input. Port 2 bits 9 through 3
(JlA-4 through JIA-l) make up the display digit latch (strobe) port; outputs
are normally held high and strobed low when loading the display.

5.0 DIGITAL CASSETTE RECORDER INTERFACE

The data output from the integrator (P102 pins 1-20) are an active
high, six digit, BCD number in the format 1-2-4-8, 10-20-40-80, etc. J102
connects directly to J2A, (group B, ports 4, 5, and 6). Of the four upper
bits of port 6 that remained, bits 4, 5, and 6 are used to sense the

position of the interval switch on the integrator. P102 pin 22 is
grounded when an interval rate of i-minute is selected (active low) and
is routed to J2A, pin 14 (bit 4, port 6). When "seconds - go" (once each
minute), the internal switch is scanned; and if interval equals I minute,
the data frcm the integrator are sensed and stored in memory. The inteqra-
tor then is repot and counting is begun on the next cycle while the date,

time data, and interval are recorded.

The recording process consists of accessing the memory location

contaifinn1 the required data, i.e., date, and outputing it to the recorder
with a strobe to start recording. The recorder immediately returns a
"recorder busy" and holds it high until the data have been converted from
parallel to serial and have been put on tape. This "busy bit" is monitored
until it returns low, at which time new data are sent to the recorder.
This continues until all the data are recorded, after which the program
returns to the main loop until the next record time.

14
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Data to the recorder are latched up at JIA 9-16 (port 3 bits 0
through 7). From there it is converted to a 12-volt level before being
applied to the recorder input. JIA-6 (port 2, bit 5) is the output for
the record strobe, and it, also, is amplified prior to being sent to the
recorder.

The "busy-bit" appears at recorder I/0 plug, PlA-F, and is changed
from active 12 VDC to active 5 VDC before being applied to JlA-17
(port I bit 7).

6.0 REAL TIME CLOCK

The main program is interrupted every sixtieth of a second by the output
of the interrupt generator, which causes all processing of the main loop
to be temporarily suspended while the real time clock is incremented by
software in the subroutine TIlIT.

The interrupt generator uses the 5 VAC from the power supply to lock
the timing to the line frequency. The 60-Heitz input is clipped and
applied to a 7413 Schmitt trigger for shaping before driving a 74121
monostable multivibrator. The "not Q" output is used to drive the SBC
interrupt input to the processor (JIA-25). The pulse width of the one
shot was selected to be greater than the longest instruction execution
time of the processor and less than the time it takes to reach the inter-
rupt enable instruction within TIMIT. This was to prevent the processor
from being interrupted more than once by the same pulse.

7.0 FWNCART AND SOURCE SORTWAE

Pertinent flowcharts and source software are presented in Appendices
D and E, respectively.
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APPDEDIX A

SCNDMATICS OF SIRS COHPO3NITS
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APPTENIIX a

I A) sU*MRY

I'rNAME PITR~s 1 00 MIM-rON

Port1 0~4H0 
- Time/Vate switch

k rOuP 1 Port A 
- u'tSwthMode 9input 2- M ~~t~tc

3 Intl MS Nit Switch
4 - End S Niuit .4witell

- LS Dicit switch
6 - ReCOrd/':tAxwiIl. Switvh

7 - R ecord)i tatus PtW~

Port 2 95 Sfii ac

Gt-OUP 1, Port 9 1 - 2nd M4 pi'it LAtch1MMOd 0 output 2 - 2"d 1,q Mutjt Latoh
I- US Mlt LAteh

4 - Nlot UILAP

I. - ntecratp ol- 1mond
7 - Recor-d cvvna~

Port 3 
V'64 ot1it I~Ata q'r-,vrir

Group 1, Port c' D rat a 1.cre
Mode 0output Dat 1~t

Data 1
3 - Ploit Data 3,'RecO)Nev

Data 3
4 - RecortDerata 4

Dat Weo-e' "t
- Re-cor-dor vat^ 4

7 - R lA01v nAta C,

Port 4 9 -io vtt~ a, t I

Group 2, Port A 1- It.terator p~itMode 9output 2 - tnteoaratov vRit 4
3 - InteQrator Pit 8l
4 - Intocratot' %it 10

- Inteorator pit 20
- Tntearato- Pit 40

- ttqrAtor sit 80
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APPENDIX B continued

PORT NAME ADDRESS BIT 1/O FUNCTION

Port 5 qrE9H 91 - Integrator Bit 100

Group 2, Port B 1 - Integrator Bit 200
Mode 9input 2 - Integrator Bit 400

3 - Integrator Bit 800
4 - Integrator Bit 1A
5 - Integrator Bit 2K
6 - Integrator Bit 4K
7 - Integrator Bit 8K

Port 6 PEAH 9 - Integrator Bit 10K

Group 2, Port C 1 - Integrator Bit 20K
Mode 9Input 2 - Integrator Bit 40K

3 - Integrator Bit 80K
4 - 1 minute
5 - 10 minutes
6 - 60 minutes
7 - Not Used

22



APPENDIX C

MEMORY MAP

ADDRESS (HEX) LOCATION NAME

3C00 TIMER
3C01 SEC
3C02 MIN OR TIME
3C03 HRS
3C04 LS DATE OR DATE
3C05 MSDATE
3C06 LSDATA
3C07 DATA
3C08 MSDATA
3C09 InTVL (Interval)
3COA Not Used
3COB Not Used
3c0C STBYFL (Standby Flag)
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APPENDIX D

FLOWCARTS

ON

owe "It

CALLmD 0ginwi
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APPENDIX E

SOURCE SOFTWARE
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ISIS-Il OBWt LOCA13 V3 I IN#=E By-
-LXRTE Fl M LA* CSEgN) W PRINT( Fl SMLW LST) SVWL C8Jfl6()

- Sym* Ta W I u m

mag TY E svtW YPE SVM YSE TYPE SYM

ROD INIT
XON4 SW DATE ICON SWM INiL NOWN SYM POETI
NONI S't9 P(1T2 3CU4 SY TIME 3M81 SYM TIME
am SWm EGIN am73 SW N NUa SWN flE

RD ICDTH
rmU P" Iim 3CM4 SYR MIN ago4 SW I=T
3(6114 SW AC Nft3 SW ARM Nam SW NEXT

IM 5 4 KTM smW SW Nem SWN DEE
Im SM

W. sm PRTI am SW PVRTZ 3Com4 SW STVFL-
iMN SWM SEiFLi NuN SW STAY Nsm SW SWgo
amR SW" S13

AmD sw
3(9 SW own NI" SW PORTZ NIM SWM PRT4

6ISW P031 I"N SWN POT6 EWBi SWR SIAT
NODTNUT

3(3 sm HI 3C4m SWR LSOAE I=~ SYR KIN
3CM MW IRATE 3(61 SWM SEC ICO SWM TIME
61sI SW DI VII up"7 SWN EXIT 91091 SWM EX1T2
61W4 SW I4LT 614DM SWM LR 61M SW" 9K
KIM3 "W TINIT

Am -m

OW4N SW P031 61M9 SW" DITN 61DM SM 9C
am71 SWN TEE

XWl "W TIME Sam SW TIM9

KcmSIM DATE fW ~SYR DMhW

xm71 SWR owI 3"81 sW Is 3m SWR Imi
3(19 SW LSA 114 SW LSDA~T xI SWH KIN
Xw11 SWN mAl xw SW" IRAT 4 SW P011
6131 SWN ECAT

MWD TDlIP-
WO SWR P011 MW SV TIME WIN S%% ow

amSN OUT 62em SWNEIII Cl sw EX(IT2
I",0 SWN El I mu SW 2 62134 SW mcl

om SVHW 61 62w1 SWO am~ SW O11.

IM SWN CU 3 W111.3lW11

no Dim
NU N Dift NIH SW 01I2 NN sW Divl

NM SOf DOWL I=3 SM WITY

we0 SW mmI NON SW P01 Nam SWN P3
.34 ~ ~ ~ SWNSY34SWEC



ROD FROPI FILE Fl. -ML LNK
a IPWITTEN TO FILE :FI:SCLA

MMEZ IS NOT A F~im mOOLLE

aSTART STop LENGTI4 REL WK

mmi IS~4 3H A FIS(UTE
OM OM 93 3H R SOLUTE

Mo 04 C B sTM2

0194W FOF} F3CH B NNWY

A

a 
1 2



-LOC 06BJE SOLRM STTEPWN

I mm INIT
2 EXTW TINIT, SWDL TWSP DTDP, SRAWT, STBYCL. RCD11h

TINER EOU 3CM~
xv 4 TIPER EOU 3C88H
X84 5 DATE LOU 3X841
X89 6 INT&I LOU 3C89H
88E4 7 PORTi LOU BE4H

8858 PORT2 EOU &5H-
9

Is MAIN PRORM

- U

am8 CAN C 16 Mi BEGIN
me V881 ORG 38H RST L, CDEWTM BY INTEMI'T I -

we3 c38 E 1U MI TIMIT

M8 3E96 21 WI A, 96H ST LIPRIP R, PORT 1,INPUT; 2 A3 DTPUT
8W 2D3E7 22 OUT 9E7H
OB884 ZIFF3C 23 LXI H, 3CFFH iINIT STRCK LOCRTION
887 F9 24 m I
m88 li88 25 LXI D,9GM INIT DISLRY

8882188 26 LXI KG m
WK n~ 2983 27 SHLD UPIE ,NIT SEC'S 4 M~'S
O8KI293 28 SIU TIME INIT PO TIME

-8814 22943 294.0L DATE .INIT DATE, ISO
Bail Z2m3 38 SHtD INTW * INIT INTWL
WA1 3E68 U1 "I R, 68H RESET INTE3M SET FILE GW HI
W8C D3E5 32 OUT PIJRT2-
W8E 3EBO 33 w~I R, ON RETL1NET LIE HI,SET FLE GAPLO
M82 D3E5 34 OUT PORT2

35 MUIN:-
OW2 MMU E 36 CR4. SThYC
SO cDo E .37 CIL RCDTM
826 WMU E 38 ou. SIMW

IM B439 IN PORTI
80 E602 4 RNI Mi MSK FOR DRTE/TINE SIT04

r C288 C 41 JNZ TIHER SET TO TIPE RP DO *DISLRY DATE'
883 CNUS E 42 CFR± DTDSP AT TO DATE, DI9LRY IT

-5 C322 C 43 JiP MIN .LOWP FOR

W38 CDM8 E 45 CALL T1S .DISIL TIME
am sc~ C 46 1W 1MIN *LOWPFOR

47 END-

S. 3



LOC OBJ SEC 5OURCE STA

I WE RcDTH
2 PLIC RCDTM

EXTU4 oECAT
4 SEC EQU 3C84 W

3M 5 IN ELU 3C834
m INV EU 3C89H

AP OER 7 PORT6 LWU BE14",
8 , -
9 THIS ROUTINE OECMS THE TIME fN RT SEC4

1 RECORDS THE DATR CLLED FOR E IF THE
., TIME MTOES THE INRW OF THE SMITCH ON THE

12, INiTMrTOR

14 , REGISTERS: PB
5 P 1E : INT v :LG, INTM.

16, STRCK SPRCE: 2 BYTES
V INIUT PORTS. PORT 6
Is OUTPU PORTS: NONE

25, *

21 CSEG

M 3A 13C 23 IDA SEC ,GET SECO
86083 FE 24 CPI 08H EE IF So
am mm c 25 JZ THERE i4-K CHECI II8, W ITCH
0ow6 C9 ELS WE. TURlE

27 i
28 THERE:

8089 D 29 IN PORT6 .SE, SCRN INTRVf. Sd ON INEGRRTOR
ow39 uIi 1364 i MIN POSITION NO
OW C2.M C Ai JNZ 1R1ND ;NOTONEMIN, PRESSON
oft@ m 32 NVI & t i MIN

C3I80 C 33 JMF RCRD iHEN STFRT RECORDING

9015 E 3 IN PORT6 ,LET RNOITHE COPY OF INTEVRLK
017 E629 36 9WI 284 FR FOR 18 MIN IN TRW.
0019 C2296A C 37 JPZ NEXT ,NOT 1 MINLO WCECK 68 MINS
emc Y= 38 LIDA IN ,GET MINUITS
,6I FE6F 39 RNI FH ,P6( OFF TEN
= F876 46 CPI 8H ,CHEC FOR PINS a A
o83 Ce 41 mP ,NOT X , RETURI

M824 18 42 NYI RAS4 ;PUT R 18 IN ACC FOR STORING IN INTMA
Al N6 C3396 C 43 W RCRD 00 RECORD

44 NEXT:

69 A3C 45 LR HIN AT TIME
,.. FEW 46 CPI ONH ;HEN lINS a Il TIME TO RECRD

IECo 47 N

0168 48 NVI R,68H
49 RC!)D ..

M1 323C so STR INTL ,STORE IN1ERYL FOR RECODIING
6034 CDO N E 51 CU 9DA)T ,GET DAT% STORE IT, RND RESET INEIRM T

3CDO0 E 52 COILL RECOAT ,1HEN RECORD DATR, DATE, TIlE ET FLL
em C9 53 RET , THEN RCTLRN

54 END



IcC Oci so R STA1EJIKrr

NRI m CIAT
2 Pai M =I~T

81C4 4 PORTI OUi OEMN
3w 6 RATE LWU 3Cw

33 ? WS Lim X3m
8 RIN LWU 3CM3

3w9 IMATN EQU mwH
X87 18 DATA EGU 38714
3M6 u1 LVTA ECU Me0
360 12 INN.. ECU 3851

14 THIS RMUT INE 0(0( THE m'STWSWITCH
15 STTING THEN RECCS DATA IN THE FCV RMLEMV
16. BY LORDING THE DATA INTO THE ACCI MW C3.LING
V? THE Er 01 SIUAMfITINE

19 RGISTF. A
21GR NONE v

22 IWUTPamT: PorTI
23i wwpJ~ Pam WE
24. PMK STWLETCN
25 ssfoo"
26 CSE

00 DG4 26 IN PORTi iSMPORT
M E648 29 RI 464 P .FR SY9 S

M4 CO 3 RZ ;IN51W 51134FE
31,i

UK I3li 5-C 32 LDA GATE ;QA STMT RECEINB SM
OM COu E 33 CFt.L 5ECOI
sm JAWC 34 IDA ILMT
M MMU E 35 CALL scO I

13WS31M 36 IDA Is
lK4 MU E 3? CALL REOR

7k IW 38 LDA "IN
=A coU £ 39 cML R~m

IND YS 46 LOA mmAT
I= MMN E 41 o..L pKCC

803I42 LOA DATA
MCONK E 43 COLL. ECn-r

ow Y=63 44 IDA LOWT
10 MM E 45 cML sECO
IM y 41 46 IDA 1Kmm

sm cs 46 NET

35



i I

XLa OW s~o osOSuml~

2 PawLC ffColE4 3 PORT1 ECU OEu mE5 4 PORT2 EDU S
5 PORT3E EU WEAg

__& 6 i ' w g.

8 TISj ROUTINE MW OE
9 BE OF WM TO THE

U MMlT MEIT BE IN THE A aUALM12 PIOR TO CI I prWl
13,
14 REGISTES: a

A 15; RDU: NOW16; SM -gin: NWE17 ; MW JUT PORTS: PORT 1is. UW PORTS: PORT219,i P~RO f: PonZ 
-

" 22 RORD01:
OW 2" 23 l INVERT DM TO C CwOft D3E6 24 OUT PORT

25 ;
26 ; STR TO STMR MOING

AOW- 27,;- 6 0oc5 28 IN PORT2
00 680 29 CR1 MilOtO D3O 38 OUT PoRT

00 EW? 31 ANJ mFi0 03ES 32 OUT PORT2

34 MONITOR TE SMY BIT
35,WI) VU4 36 RW&: IN PORTi- ~ ~ O UE60 27 ANJ N ;9LYUU C20M C 38 M W8 & MM1 BUD IT
38 RE M ;LOOP ULTIL WE.

814 C9 39 RT TURTN-48

0.mq
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LOC BJ SW SI STATIENT

I WI0E SIVCK
2 PWLIC SY

3C 3 STMfL ESU MOCK
8K4 4 PTI E U EM
OMES 5 POMT EWJ E!4

6 ofon;ft
7 SMABRLN SiITCH CHECK
8.
9; THIS ROMUTIE CHES THE STATIS OF THE MWSTUY SWITCH
i; ID ORJM1ES R FILE GRP COM9 MON THE T6MITION
11; FROM STUW? TO RA THIS IN TRN RESTS TIE REMM
12; IIOM 5UTE
13j
14 j REGISTERS: A
15; IRY: ST8YFL (S9M FLAG FF IN STBY)
16. STRAM9 lCE: NONE
17; IIUT PORTS: PORTS 1.2
l8; OUTPT PORTS: PORT2
19; PROMRl: STRLETON
28 , mm

22 STIM:
M DGE4 23 IN PORTI ;SWAM/J SI INVT PORT
M E646 24 INI 46H WSFOR SW

US4OUM C 25 JZ SETRLO ,NOTRA& ST F
ow Igri 26 LDA 511*A. GE~OT FLI
MFUM 27 ORI S ;SEE IF SET

SK C21 C 28 JNZ ST ; IN 'U' M FLM SET, S IEND bE
of £9 29 IT ;OTHERWISE REIM

30 STFLO:
9 IEF 31 MUI aI OFFH ;STiM , FF

18123293£ 32 SYR SY L ;STOE IT
MK C9 33 RET TEN RETIJRN

34 STRG:
M6 IES 35 IN PORT2 , GET COPY OF STIR0KPORT-

8F621 36 ORI 264 ;SET FILE W SWA HI
OURD3ES 3 OUT PORT2 ;SEND IT TO SCAOER
IC Eff 38 MI lPH iRTUIN STROBE LOW
ORED3ES 39 OUT POMRT2 ; IT

40 STAY:
M 1 BE4 41 IN PORTI A ;UE SIT INPT PORT

0 E42 ANM NIH 0 ISY lBITM
10 CU C 43 JM STAY ;L E IE UNTIL iETHEN
"IV M 44 MVI ,MH E STFL TO IL
03 3 £3C 4 STR STOWL ; S)STOE IT
owC9 46 NET ;MwTURN~

47;
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LOC (BJ SO SUR- SIAIDT

I NIE SAMDA
2 PUBLIC 9W

US 3 DATR E1 XU
W.15 4 PORT2 EU £EW
SE 5 PORT4 EQU 5811
nIo 6 PORT5 ECU 53H
nR 7 PORT6 EU EM-

8 ; *** * *~

9; SK CTR*

11 THIS UTIIE SM THE OUTPUT OF TIE 1110N11
12 1 I STOES IT IN THRE C LOCRTIONS STAMTING
13 AT DATR IT SO RESETS THE INIEM R TO ZEV
14
15,; REGISTERS ACC
U- 16; "EMR: 3 BYTES
17 ; STlK SIcE: NONE
18 INPUT PORTS: PORTS 2,4,5,6

,19. OUTPUJT FORTS: PORT 2
2 IRC(1WER STRPLETON
21 ; *o *
22 CSEG
23 ;

N DOE 24 SRA: IN PORT4 ;REEI L S DIGITS OF INIEIR
IE 32253C 2 STR DRTR ;STORE IT IN URY 'TR

noDO9 26 IN POT
S? 328 27 STR DATA.1

SM NR 28 IN PORT6
UK ESW 29 MI ; ISK UPFF R B7ITS
one 3083C 38 SR OrT*2
SHIDBE5 31 IN PORT2 ;GET COPY FORT 2
8113 F640 32 RI1 461 ; IS OFF fIL BUIT INTE RIM BIT

5 DXE5 33 OUT PORT2 ; REST INTEIOR
Oft? EGF 34 Ni UFH ;SET BIT 7 HI
01.9 D3E5 35 OUT POT2 JEWf'U INllEl TO COIITIN
N C9 36 NET RETURN TO . PRI

3? E -

38



Lac OBJ sm SO STRTENT

2 PIILIC TIIT
3 NM EM XN W4 LO OW DIGIT OF 
4 1 SI OWIGIT W ATE

3w4 3 LSDRTE WI 3C84H .LCN W= DIGITS OF DATE
3C83 6 MR EU 3CMH ; HOI
3C82 7 "I1N WIU 3m I NUfl
31K S SEC WIu 3IIN .tSECM

3=9 TIMM MUi 3M ; 6T6 OF SECI

It INRIT DRIVEN EM. TIME CL=~
12.
13 THIS WUINE IS R SFTIMD INERWT
U4.; DRI~l JLIAIN OMi CMBM O IM TIME
15. cOM= IT IS RBAOIOPF THRT HA
161 M VWXITY HODIFIED. THE CR10165.
i7? VERION CN BE FOIW IN INS611L IF. Ul 024,
les P17-0.
19)
1 FEGISIUS. NONE, u± ST~ll 91

21 TIMER SM NIL. At
22s LWA1L6A

-23s SThOK ME: 2 TES
24, IwJl PMRT: WNl
251 MUMUMMRT: NIE
X6 PUS STVE KOMIE
27 o""O~
21 CE
29 TINIT.

UM F3 3 PI5N PSW SAVE STllS AN EBISTERS
mS C5 X1 maS 3 AF INTERJPTED WINIE.
m 05 32 Ka510
m5 4116 33 LXI 0 TIE ET ADDESS OF TIME CSMTER (01) OF SEC).
m am 34 MIf L61H ;SET HM O T61L

MU 131RU C 36 MIL DIVIT ; IFORlE 01) OF SEC CUM1T
IUDma 37 HVI L6411 ;ST NDULTO St

swrslc 3 C lU DIVIT ;.WVAIE SMNC MM
6o2 MON C 1 CXL DIVIT ; IPORTE NI NTE CSNTM
M554 o4 Wl L 24H j SET MU TO 24.
S? C131 C 41 CKL DIVIT siPSMTM ID CUMT
MSA IIuC 42 LXI DownT
mo "G 43 1ff? LUll ;SET NOOILOIM

GUF 1A 44 LAS 0 sLM OWITRUUAT)
M EM 45 I uw Wd FY U DDW
MH FEE 46 CPI 83N 3N0 DOW
IMC24US C 47 JNZ JILDT 09 00 OIMM LSOAMR

U271A 4 LMA D MET N0O CY W 6IATE
mE 49 NYWI CAMN STANMW MWfS Ft BU

Uw S U flI FON AO OFF D DYS
M FtM 51 CPI UlmSS

jz Lw
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onIFW 53 CPI a 934
un im 54 JZ LEAP-

on em 55 NVI &66 t4 OTLE.EP, RSE T66
we 138 C 56 JP JLDT WMEOA TE
s3 K 5? LEAP: fI &.671 ;LEW YEAR, RESETS AT6?
33M C3IUS C 59 JNP JUT

59 Ja.DT: ;POINTTOLS I
U41 cDI C 6 CALL DIVIT MM 1E IS DM C
144 UP 62 II .4W ,RESHIS DA14
O4610 63 LM D ,ET WS DA1E

47 3C 64 INR A INCR IT
I12 65 ST D TSTE ICPY AM

049 All 66 N 3 ;K MR LE 9lING TO 4 OD 5
OR a 67 CP 8 Ca IIF 40 DAYS
040 C250 C 68 JNl EXIT2 NOT 0 M5 OR366
IME 1f a9 LIM4 D ;DY WRM
IMF E'S 70 9i4 M I HI DRY , LEA
in1 CaI 71 101 1IN .401 TO R
6UM12 72 STfC D .STOW EW

73 EXIT2:
m40 ?4 POP D DUI RM

_ 75 EXIT:
M Di 76 PP D IESI E UISR
0l €, 7? POP 8
M Fl 79 POP PS , RESTORE STI1J, -
M FS 79 El ;DILE FURTHER INIM1PT
m39 C9 9 NET JElIN TO INTlIRIPD RITIN

91 DIVIT: ;MILE IMAO COUNER
MR I* 02 LOAN D L01D CIIMT TO BE INUCIEM INTO AM
m3 v83 SIC

NBC 8 94 Cle ;CLEAR CARRY BY SETTING IT
85;N THEN CONPLUGTIS IT.

w 3C 9 I 4 Al INU TC wDT.
am 09 a m;DCINL Fl.MT. -

off a8 CP 3 j T IF EEMl CWMT
9 HAS E ENOM.m' M60 C 91 Je 9M IF NOT MXM oft.

91 SKE COMT AM EXIT.
ow 79 92 MV PIo C RET TO STRRTIND COW.

93 W:
O6412 94 STIN D RETR CONT TO U Y.
w 13 95 I( 0 ;POW TOTDIIXUTMlf

on 1c 96 RZ ;IF R T GI ,
97 ; 00 ItFA IENT MMCIOU

t7 9, POP D ;IF NOT, ISSUE I DtIW NEW
M CM C 99 JNP EXIT MIT DIVIT.
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Lac OBJ SE S STREOT

2 FUNLIC SCE
3 OCT31 VMP.TIIEP, ODWYW

OM4 PORI EDJ OEMH
5£sos"o
6£ 9IITCH Ow
7' OEMC FUONT PMB SITO FOt 3b'ET,
S VAOl/TMl M.LS UPMIA1'E WK D
9 l8IS1: A

Is. lN : NOE
S lii S MKSA: 2 Y1S

12£ IOW TMM: PORT I
13. WMKM:POTS SE
14 1 NUSSUB: STWLETON
15
1csm
V7£

MN DIE4 Is SMCNK IN PamT .SM INKIT POT
Mf ESm 19 W! UK4 MR FOR~ rMAT Wa~
MS CfSM C 28 JZ DITh MNT MR. 00 SET VAINE

OW1 FB 2L El OMU INTEMPT FOR MWC
nc C9 2 NET .MA KM ~TO COIM Fa

23 DTTM:
US F3 24 01 iDISLE INIETS. SlUP MMO
MS NE4 25 IN MMRT GET UM OP OF0 POT

UK E612 2 NI M~ ; W& OR A N~l1
M C2NN C 2? X IM 71 w 'OLMIE
.1iU C E 2 U D±bIM JDIPLOVATCM

SW MUS C 29 cLu VATSP £ISA IT
OWi CUS C 38 JN 9CNK CHU SMITME IlNTIL m

x 1U:
MR U C 32 CAL 1W

WSD mSSS E 33 CI.L TMlIP
m ONS C 34 Nw saE

Is DI

- 41



ICC ON3 sm STRiIEN

-I SM TIIUP
2 PLIC TILP
3 ~ Cm Twh

low 4 TIME nn ]CN
5 MM ECU W4H
6;
7. TOE UlSA
8 TIllS UIE O S TH IUTONS OVER TIE
9, FRONT PUI. DISPA fi INM NT THRT

Is DIGIT E TiE TIE UTTON IS I'mEME.
11. rA.LS 115 Us DISPYS 1EW TINE
12.
13- DIG1 DIG2 DIG3 DIG4
14, HSH LSI R HNIN L KIN
15, - - -

16. 911 SM2 S3 914

19. IMMV: TIE (2 WTES)
28; STMX SPME: 2iTS
21 ; INVT PTS: FO1RI
A 2 OUl PORTS: NOE
23. ; RM : SWIFETON
24 ; :
25 CSE6
26 TIIMP:

M m-r 27 ULD TIE ;HRS A NINS TO IAL
ow 3a 28 )HB PUT INTO DIE .
1W64 DK4 29 IN PORT1 ;GET COPY OF NUTTON UT FORT

6 2 3 fMI 21 JM OFF FOR SM-4,L NIlE
mS amSN C 31 Jz Wtlec ;MDT THIS UTN PRS ON ,

m 79 32 NOV &E ;SUTTONIKf PTNIS INTOCC
6Uc6 33 O51 611 AM50I
UK 2? 34 Cm .ECDA. MTW (VIL INCIR WOT DIGIT)
OW IS C 35 JN EXIT1
I2 D4 3 NXTI: IN PORT1 GET TIMER CY OF PORTI

I4 EM 37 N 1N W FOR 9S-N KIN -,
M661SE C 3 JZ #6(12 NOT OA PRESSON
6W97 3 NOV 39E M & E TT M M W INS Im NTOCC
MR Cal 46 I I ;IMMO MNDIS BY I-"
U 2? 41 CM DECIKS. JUT. DI; WNM CMMU
WD cum C 42 JN EXIT ; NOW EXIT
M DK4 43 NM: IN PORTI
wEm 44 MI ; WISK FO SM-2 LSDMR
=I ' I I C 45 Jz NXT3 ;NOT ON
w ?A7n 46 NOV &.D ;BTSTON 0,M I WO lmNgACC

Om US 47 1I1 04H ADD I

M C I C 43 Nw pT2
MK E[4 DO 9 (T': IN PORTI"12 up 51 fat M4 91-

=12 CO 32 . ET TO CILING PWANO ffTS3M
an? 53N m U
up Cal 54 ND1 um
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MV C34u C 56 AP CUT?

3? CIt:

OKI5F1.Offid HN L A , EM HNITOE ISIMS42 C40gg C 9 SIP EXIT
63 1X1T2 

-MS5 FE24 64 CPI 2411 .NWI24 WS
aS41FMMcU C 5 m MW AESS ;L H24MIR 3EN 66 1WI &.UK AMTO 06IF 24OR WE&WW4 57 67 O~w MY DA ETIU WS TO D MUIST&

-~ MICT:
sm a M m ;PUT TIME INNI
amE ~ 71 9LD TIME .PUT TOE IN MWYOft COISI E 72 MfI T9 ~DIWL In i TIME-
U54 D4 73 eWN IN PORTI GET MM~i COPY OF PuT 1=6 E63C A4 mu 3CM JW FOR SWITOE STI Oftl00 U C254S C 75 JIE MO ARIT FOR 0 M

77;0
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Lo a s SM STPN

2 PLSC SITP
3 om O19

X34 4 ST ESU X4M
UP5 POIRT1 MS K4H

Auk 7~ ; ALMMMA
8 1 TI MINE OKS TIE BMW MUR THE
9 ; FROT FOR DILVM N IMCEMENTS T

18; DIGIT M ME TIE MTON IS SWSED.
11; a DISM 9 DIl.mS NEW AT
12.
13; NT1: COININS NO PIISlON FOR IMIALY STING
14. 366 DS IN LEF VEI OILY DC 31 NFECT

16.-
17 010 1 016 2 IG 3 016 4
18; LS H MM TN DM UNDITE
19.
26. 911 I 12 913 914
21,
... S22 1 IW: &DL. ,,
23; M RY: AT (2 BYTS)
24. S nC 2YOT S
25 Imw PaS: PORT1 IK 26. WMJ PamT: NONE
27; IGSR SWLETON
28

38;
,,b 31 119

mS Mo" 3S L A TE ;JtILI AT IMTO HL
m 0 33 weB PUT I0ODE
" U4I E4 34 IN PORTi AETCOPYOFUI TNIWTffPORT

M E2 35 FM 25N WIU OFF FOR 91-4 TS TE
mam C x a WSTI NOT TIS T PRES

517B 37 NW I&E ;MTIN DS& PUT LST2 W MM IN OC
IC co 39 DI SIN A0 i

5112? 39 SM; DSEIF. fD
ow 7 4 NV LA EIUN IT TO E EBIS
OM C33 C 41 JNP O

93 P4 42 WTI: IN PITI AET IOMI Y WP OFPORT I
O5 E61 43 MI I ;I K FlOR SMi-3. M DIM7TE
MU? 201 C 44 JZ h2 MY THIS UTTON EITHER
OR ?B 45 NVW & AC DSI WK IT UST 2 OF MINACC
m i C6 46 MI I4 .M N0 S -%

"D2? 47 M
OIF 46 NV LA

AOWCMU C 4 N 0101
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MV C114 31 mr. IN
ON4 EW 31 UNI IN I FMR 9-26CA3QUO C 52 J2 I(T3 Nm mwss row ?R 53 NW f.

~c±54 fat to

805 x~8 C 5
853 DOR 30 mm: IN FORTOW33E04 19 ft N W W RmS1-1ows ce 0 R A sr's NKomm To oua R61 MY &.DM5? C42 6 fm JIM
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