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ABSTRACT 

The implementation of a cryogenic thermometry system is 

described. It is based on measuring the resistance of carbon 
composition or platinum resistors using short pulses of high 

current in order to generate high signal levels with low self­

heating effects. It makes use of recent advances in digital 

electronics and it is a natural technique to be used with micro­
computer based systems. It is used throughout the Energy Saver. 

INTRODUCTION 

For quite some time carbon composition resistors have been 
used as cheap thermometers for cryogenic temperatures. 1 In par­

ticular, the carbon composition resistors produced by Allen­
Bradley present suitable sensitivity for thermometry in the 4.2K 

to 70K range. Much has been written about their stability. On . . 
the assumption that their low price led to relatively careless 
handling and bad reproducibility, we have proceeded to mount 

them in a protected and stress-free way in special printed cir­

cuit cards which, after "training" and calibration, are installed 

as helium-immersed temperature sensors. 
Over 500 of these units are to be used throughout the cryo­

genic system of the Energy Saver. They are used both as monitors 

and control sensors for the refrigeration system. To compliment 

their relative low sensitivity above 70K, commercially available 
platinum resistors are used in the 70-300K range. The refrigera­

tion system is electronically controlled for most of its operation. 

In order to take advantage of this distributed intelligence avail­
able and the low price of digital electronics, a pulsed current 

technique was developed for measuring the resistance of these 

thermometers, the implementation of which has been described by 

Pucci and Howard. 2 The essence of the technique is to send a pulse 



of current to the resistor and measure the voltage across it 

during the pulse. This voltage is large enough for the thermal 
emf corrections to be disregarded, and integrated circuit multi­

plexers to be used. Self-heating of the thermometer is prevented 

by keeping the pulse duration short and the repetition rate low 
(lHz). 

The minimum duration of the pulse is dictated by the time 

needed for the current to stabilize. A thermometer whose resis­

tance in the operating range is not far from properly terminating 

the line helps in reducing this transient, but in our case it is 

the length of the cable· (i.e.,_ its capacity) that led us to set 

the voltage reading time 48µsec into the pulse and to set the 
pulse duration to SOµsec. 
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Several factors led to the selection of the resistance at 
operating range to be less than lOOn: 1) thi~ is a typical value 
for the impedance of a twisted wire pair (therefore cheaper cables 

and better terminations); 2) availability of platinum resistors in 

this range so the same electronics are used for both types of 

thermoneters; 3) lower power dissipation while still providing the 
needed resolution of ±30mK below 5.2K. The resistors selected are 

Allen-Bradley l/8w lBn hot molded carbon composition. They come 

from two manu£acturer's batches: BB1805 Code 0031 and BB1805 RCOSGF 

180J 7901. The cable used in the system is the Belden 8728 audio 

cable, which contains two individually shielded twisted pairs in a 
single jacket, one pair for the current pulse and the other for 

the voltage. 

CARBON SENSOR MANUFACTURE 
In order to make for simple calibration, handling and instal­

lation procedures,the carbon resistor bodies are held suspended in 
holes machined in special printed circuit cards by sewing thread 
and GE-7031 varnish. Details of their construction procedure are 

presented in Appendix I. The 1/16" thickness of the printed cir­
cuit card and a few loops of 1/32 o.d. insulated wire protect the 
resistor from mechanical contact. No effort was made to reduce the 

original phenolic insulation layer of the resistor, but their orig­

inal leads were trimmed very short (<l/32" long) and touch soldered 

to 2-1/2" long .004" diameter double enamel insulated copper wires 

to prevent any external mechanical stress from reaching the resistor. 

Thermal contact to the composition is therefore expected to be mostly 
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mostly through the leads, but thermal tice cons~ant for these gas­
or liquid-imr.:ersed sensors is short enough for all our purposes. 

The thin copper wires ter::tinate on gold-plated copper slide 

contacts that fit into standard printed circuit edge-board connec­

tors. The calibration calorimeter to be described below contains 

such edge-board connectors 3 made of diallyl phthalate insulators 

and this allows the handling needed for calibration and installation 

to be fast and to proceed without any extrinsic stress being applied 

to the resistor. In order to reduce the effect of intrinsic stresses, 

the cards containing the resistors are cold-shocked into liquid N2 
and warmed up to room temperature three times before they are in­

stalled for calibration. This ntrainingn or naging" of the sensors 

should hopefully increase their reproducibility. 

Figure 1 is a photograph of one suchS/S"xl-3/8" card. Two 

re~istors are installed per card for redundancy.* The smaller holes 

are used for threading wires or sewing threads and the larger ones 

for the assembly into the final mechanically strong probe arrange­

ment and conduit to the sealed feedthrough at room temperature. The 

metal strip in the card is to be engraved with the serial number of 

the resistor for calibration identification. The serial number is a 

six digit number that specifies the date of the calibration, followed 

by a hyphen and a number from l to 24 that specifies the location of 

the resistor in the calorimeter during calibration. For example: 

810724-3 was the resistor in location 3 on the calibration run of 

July 24, 1981. 

.;;.· . - ~-0-
............ ,,_._ .. .:.._.._ . 

, ......... 
~-

·-/: 0 ~ --

Figure 1. Carbon Temperature Sensor 

kffalf-cards with a single resistor are also being produced. 
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CARBON SENSOR CALIBRATION 

Figure 2 presents a simplified schematic of the cryostat 

used for calibration. It is essentially a copper calorimeter 
immersed in a bath of LHe or LN2 and isolated from them by multi­

layer insulation in a vacuum space which can be filled with ex­

change gas for fast cooldown. The path conducting heat to the 

calorimeter is intercepted 'by a tempterature control stage con­

taining the sensor and the heater of an electronic temperature 

controller. 

ELECTRICAL 
FEED 

THROUGHS 

REFERENCE 
TMERMOMETER 

TEMPERATURE 
CONTROL STAGE 

Figure 2. CaLibration Cryostat Schematic 
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Inside the calorimeter in a copper frame, six printed cir­

cuit edge connectors 3 made of diallyl phthalate insulator and 

gold-plated contacts in which the cards containing the resistors 

to be calibrated are installed. The 1/8" thick OHFC copper walls 

of this calorimeter· and the -1 atrn of He gas kept inside the cry­

ostat are relied upon for stabilizing the thermal equilibrium be­

tween all of the resistors in the cards and the reference ther­
mometer. For reference thermometer we have been using commercially 
calibrated carbon glass~ and platinum resistors. 

In order to have an automatically controlled atmosphere of 
helium inside the calorimeter, one 1/8" o.d •• 006" thick stainless 

tube passing through the temperature control stage connects the in­
side of the calorimeter to the bottom of the external bath, making 

a vertical zigzag in the vacuum space above the calorimeter to en­

sure the existence of a long layer of stratified helium gas between 

the calorimeter and the bath. Another simi~ar path connects the 
calorimeter to a manifold at room temperature, providing means to 

verify the calorimeter pressure and to flush it when changing the 
liquid in the bath. Two sets of two cryogenic feedthroughs, 5 some 

containing over 60 wires. (mostly Manganin, . 004" thick enamel insu­

lated) are used to.route the over 120 wires. 
· An automatic data acquisition system has been programed to 

measure the resistors, evaluate the approach to thermal equilibrium, 
calculate the temperature and record the data in magnetic diskettes. 
After a calibration run these data are transmitted by telephone line 

to th.e Cyber computer for general storage and access. 

Although 24 resistors are calibrated per run, format limita­

tion imposes the data to be stored in three ASCII files. The file 

names consist of a letter A, B or C followed by the six digits of 

calibration run date. The data for the first eight resistors cal­

ibrated on Jan. 26, 1982 are in file A820126, the next eight re­
sistors, 820126-9 to 820126-16, are in file B8201~6, and resistors 

820126-17 to 820126-24 are in file C820126. 

In the Cyber the directory of these calibration tables can be 
listed with the command CATLIST, UN=Gl03, and any particular one 
(for example; A820126) transferred to the user's area with the com­

mand GET(TABLE=A820l26/UN=Gl03). 
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Appendix II is the printout ·of one such file. The first 
line consists of labels. The first column is formed by tempera­

ture in Kelvins, but its label is the calibration date. The 

other columns are the corresponding resistances in ohms for the 

resistors identified by the labels in the first line. 

The data acquisition system is based on a Cromenco Z-2D 

Microcomputer, a Model 225 Keithley de current source and a 

Model 180 Keithley Digital Nanovoltmeter multiplexed to the re­

sistors through HG2Ml007 Clare Mercury Relays. The four lead de 

method is used to read the resistors with current inversion for 

thermal emf compensation. The program used in the data acquisi­

tion system was originally written in 16K Extended Basic by 

L.Grumboski. Its present version is presented in Appendix III. 

TM-1099 

A special test to ·compare the readings of an 18n carbon 

sensor through this de method and the pulse method described in 

this Technical Memorandum was carried out with the data acquisi­

tion system of the Spool Piece Testing Facility (SPTF) on Oct. 7-8, 
• 1981. The agreement found is well within the ±30mK acceptable ac-

curacy. 
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APPENDIX I - Manufacturing steps for carbon sensors (by H.Cranor}. 

APPENDIX II - Calibration file printout. 

APPENDIX III - Calibration data acquisition program (original by 

L.Grumboski; revisions by M.Kuchnir). 
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APPENDIX I 

1. 

2. 

STEPS TO BUILD CARBON RESISTOR THERMOHETERS 

Prepare copper leads: 

Cut 0.004" double .enamel copper into 2-1/2" long pieces. 
Strip a little over 1/4" from one end with X-var 622. 

Prepare resistors: 

a. Wrap the stripped ends of copper wires around the leads 
of a l/SW 18 -"- resistor. Begin close to resistor body 
and end by wrapping some unstripped wire around each 
lead. 

"1 
b. With a heat sink between resistor body and copper wire. 

solder wire to lead with i28 (.014") Sn60·Ersin solder. 
Be sure to cover stripped portion of wire completely. 

c. Cut off resistor leads extending beyond the copper-wrapped 
~ortion. 

3. Mount resistor on G-10 board: 

a. Cut pieces of string into 10" lengths. Loop them around 
the resistors. Fasten with a little GE 7031 varnish. 

- @' 
b. Using the thread, fasten the resistors to the boards. 

No strain should be put on the copper leads. The thread 
should hold the resistor firmly in the center of the oval. 

c. Secure copper leads to the board. Gently twist the copper 
leads together and meander (for good thermal contact) to 
the point where they will be soldered. Strip the copper 
leads at this point and solder to the contacts on the 
board. The copper wires between solder point and resistor 
should be cooled with a damp cloth to prevent damage to 
the resistor. The resistors themselves should remain dry. 
Also, a heat sink can be placed under the end of the board. 

Cont'd. 
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4. Protect the boards by spreading a thin film of 7031 varnish 
on them and then wrap a piece of PVC-covered wire around them. 

S-. Cold shock the completed board in liquid nitrogen, allow to 
return to room temperature and repeat two more times. 

6. Check boards for electrical continuity. Check that the re­
sistance of each resistor is equal to original resistance. 

H.Cranor:er 



Calibration 
date 

I B20bl0 I 
304. 734 

78.0643 
4.2133 
4. 5304 
4. 7714 
5.0660 
5. :!948 
7. 1583 

10.3343 
14.6675 
20. 7310 
31. 3539 
50.4102 

128.0080 
192.2880 

t 

-17 
19.32 
22.55 

108. 55 
99.43 
93.60 
87.58 
78.87 
62.75 
47.87 
39.05 
33,25 
28. 53 
24.90 
20.67 
19.69 

Temperatures 
(Kelvins) 

Slot I .. 
-10 

19.35 
22.63 

111. 63 
102.09 
95.99 
89.71 
B0.64 
63.89 
40.52 
39.47 
33. 53 
28.71 
25. 01 
20.71 
19.71 

t 
Resistance 

(Ohms) 

-19 
18.96 
22.20 

101. 34 
93. 19 
87.95 
82. 52 
74.64 
59.91 
46. 16 
37.91 
32.43 
27.94 
24.46 
20.35 
19.37 

-20 
18.83 
22.05 

101. Ob 
92.92 
87.67 
02.25 
74. 39 
5'1. 66 
45.93 
37. 70 
32.24 
27. 76 
24.29 
20.20 
19.22 

-21 
19.43 
22.75 

111. 74 
102.22 

96. 14 
89.88 
80.81 
64.08 
48.69 
39.62 
33.67 
28.84 
25. 13 
20.00 
19.79 

-22 -23 
19.25 19. 11 
22.46 22.35 

107.81 101. 83 
98.76 93.66 
92.97 88.41 

.87.00 82.98 
78.36 75.08 
62.34 60.29 
47.56 46.46 
38.81 38. 16 
33.05 32.65 
28. 37 28. 12 
24. 77 24.62 
20. 57 20.48 
19.60 19. ~o 

-24 
19.29 
22.33 

100.49 
92.40 
87.21 
81. 04 
74.03 
59.46 
45.89 
37. 75 
32. 36 
27. ')5 
24. 54 
20. 53 
19.60 

0 
0 
z 
t-3 
tit z 
t-3 
C/l 

0 
"r:J 

;i,. 

t-3 

:a 
H 
0 

~ 
0 

~ 
H 
b:l 

~ 
t-3 
H 
0 z 
"r:J 
H 
ti 
tit 

0 
(X) 

"' 0 
O'I 
I-' 
0 
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APPENDIX III: CALIBRATION DATA ACQUISITION PROGRAM 

tAL26eBAS by L.Grumboski and M.Kuchnir 

~FHODE : X=0.14345678 ! IF X=0.12345678 THEN RUH 
ON ESC GOSUB 10000 
DSK•A: • 

1g PRINT CHRf<23l 
15 PRiffT9CAL26.BAS• 
20 PRINT CHRfC20) 

100 REH 
120 REH 
130 REH 
140 REH 
150 REH 
160 REH 
170 REM 
180 REH 
190 REM 
195 DI" R9t(12>rR8f(12> 
200 DIK n< 100 > 
204 DIH GH 1r100 > 
205 DIH GC 18rlr24 > 
206 DIH A2(26)rA3C26> 
201 R9t=•c1201os1.cGR• 

CS1B> OF 4PIO CNTRLS KIETHLEY 180 
<S1A> • • INPUTS FROK 180 
PORT fCS<S2A> SELECTS POL & CAL 
PORT fC7 CS2B> SELECTS Rl->RB 
PORT SC9 <SJA> SELECTS R9 
PORT SCB <S3B> SELECTS RlO->R17 
PORT fCD <S4A> SELECTS R18 
PORT fCF <S4B> SELECTS R19->R26 

208 REH ~**il JOE ***** ADD R8f=•!!!??T!!.RES• HERE 
210 DIH S< 9 hl( 3 > 
260 DIM AC 27r1 >r Z( 28 > 
265 K9=0.2 : REM EQUILIB. LEVEL (%) 
270 R=l00.092 : REM CAL RESISTOR IN BOX tl 
272 DIM 0<26> 
274 FOR W=l TO 26 
276 Q(W)=!B.O : NEXT W 
278 00=12.7 : REM ROOM TEMP OF C1201 
280 DIH Dt< 15 > 
290 H1=%0080% : M2=7.0040% : H3=%0010% 
300 H4=7.000F% : MS=7.00F0% 
310 C=1500 
320 T8=%0017% : T9=%00141. t REM TB=CTRlW=PRINT ON T9=CTRLT PRINT OFF 
330 REH S VARIABLES CONTROL LOW LEVEL BOX 
340 REM S LEVELS ARE THE INVERSE OF THE NORMAL LU LVL SWTCH BX 
350 S1=7.00FE% : S2=%00FD% : S3=%00FB% : S4=%00F7% : S5=%00EF% : S6=%00DF% 
360 S7=%00BFI : S8=7.007F7. : S9=%00FC% : S0=%00FF% 
370 01=7.00CS! : REM 01=52A OUTPORT PORT 
380 02=%00C7% : REH 02=S2B OUTPUT PORT 
390 00=7.00CO% : REH LOUEST ADDRESS OF PIA BOARD 
400 l<O>=i.OOFB! : 1<1>=%00FA% 
410 SC 0 >=SO : SC 1 >=S1 : SC .2 >=S2 : SC 3 >=SJ 
420 S( 4 >=S4 : S< 5 >=SS : S< 6 >=S6 : S< 7 >=S7 : S< 8 >=SB : SC 9 >=59 
430 T< 0 >=SO : T< 1 >=Sl : T< 2 >=S2 : TC J >=S9 

TM-1099 
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1000 REM ************************************************************** 1010 REM t a 
1020 REM t 100-.200 INITALIZE PIA Sl &S2 * 
1030 REM t a 
1040 REM *********ttttttttttttttttttttttttt•ttttttttttttttttttttttttt** 
1050 REM INT THE PIA FOR THE KIETHLEY 190 51 A-B 
1060 OUT 00r%0000% : REM EHABLE THE INTERFACE REG. 
1070 OUT 00+%0001%1%0000% : REM S1A S LINES <INPUT> USING INTERNAL .PULLUPS 
1080 OUT 00r%0004% : REM ENABLE THE D.D.R. 
1090 OUT 00+%0002%1%0000% 
1100 OUT 00+%0003%1%00FFi. : REH SlB S LINES <OUTPUT> 
1110 OUT 00+%0002i.1i.0004% 
1130 REM ***** INT PIA FOR LOW LEVEL SWITCH BOX S2 A-B 
1140 OUT 00+%0004i.1i.OOOO% 
1150 OUT 00+%0005i.1i.OOFF% : REM S2A S LINES <OUTPUT> 
1160 OUT 00+%0004%1%0004% 
1170 OUT 00+%0006%1ZOOOO% 
1180 OUT 00+%0007Z1%00FF% : REM S2B SLIMES <OUTPUT> 
1190 OUT 00+%0006%1%0004% 
1200 REM INT LOW LEVEL BOX t2 SJ A-B 
1210 OUT 00+%0008%17.0000% 
1220 OUT 00+%0009i.1%00FF% : REM SJA 8 LINES <OUTPUT> 
1230 OUT 00+%0008%1i.0004% 
1240 OUT 00+%000A%r%0000% 
1250 OUT OO+%OOOBi.1 %00FF'% : REM SJB 8 LINES <OUTPUT> 
1260 OUT 00+%000A%r%0004% 
1265 REM INT LOW LEVEL BOX 3 S4 A-B 
1270 OUT OO+%OOOC%1~0000% 
1280 OUT OO+%OOOD%1%00FF% : REM S4A 8 LINES <OUTPUT) 
1290 OUT OO+%OOOCi.1%0004% 
1300 OUT OO+%OOOEi.1%0000% 
1310 OUT OG+%OOOFi.1i.OOFF% : REM S4B S LINES <OUTPUT> 
1320 OUT OO+%OOOE%1%0004% 
1390 @nSIT BACK AND WAIT FOR FILES TO LOAD • 
1400 GOSUB 13200 
1410 REM ***** JOE ***** ADD GDSUB. 13700 H£RE TO LOAD THE 100 mot FILE 
1795 REH . . SET UP RUN 
1800 GOTO 11000 
1995 REM CAL RTH BOX t1 
2000 OUT Q2,%00FF% 
2010 FOR K=O TO 1 
2020 OUT 01,T<J-K> 
2030 GOSUB 6500 
2040 NEXT K 
2045 OUT Ol1%00FF% : REM Cl.EAR CAL. 
2051:> RETURN 
2095 REM CHANGE POL AND READ 
2100 FOR K=l TO 0 STEP-1 
2110 OUT Ol1T< K > : REH CHANGE POL. 
2120 GOSUB 6500 
2130 NEXT K 
2140 RETURN 

TM-1099 
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4yy:, l<Eft 

5000 REM 
READOUT RTN 

5002 REM SKIP IF BEEPER IS ON BUT FAR FROM EQUIL 
5003 IF K8=1 AND 1\7=0 THEN RETURN 
S004 HOESC 
5005 FOR X=O TO B STEP 4 
5010 OUT 02+X,1.00FF% : REM 
5015 OUT 01+X,7.00FF% REM 

. 5020 NEXT X 
5030 REM 
5040 REH 
5050 REM 
5055 W=O : REM 
5060 GOSUB 2000 
5070 FOR W=l TO 8 
5080 OUT 02rS< U) t. REM 
5090 RE" 
5100 GOSUB 2100 
5110 NEXT W 
5120 OUT 021%00FF% : REM 
5130 REM 
5140 OUT%00C9%rS2 : REM 
5150 W=9 : REM 
5160 GOSUB 2100 
5170 OUT%00C9%r%00FF% : REM 
5180 FOR W=10 TO 17 
5190 OUT 02+4~S<W-9) : REM 
5200 GOSUB 2100 
5210 NEXT W 
5220 OUT 02+~r%00FF% : REM 
5230 REH 
:i240 OUTlOOCDlrS2.: .REM 
5250 W=lB : REH 
5260 GOSUB 2100 
5270 OUT%OOCD%1%00FFi. : REM 
5280 FOR W=19 TO 26 
5290 OUT 02+s,s<W-18) : REM 
5300 GOSUB 2100 
5310 NEXT lrJ 
5320 OUT 02+8r%00FF% : REM 
5330 REM 

CLEAR All RELAYS 
I SAID All 

BOX t1 
CAL RESISTOR 1ST. 
CAL. t1 A<O•K> 

RESISTOR BOX t1 
GO & CHANGE POL. & READ 

ALL RELAYS OFF 
BOXt2 

R9 <CAL. POSITION BOX t2> 

CLEAR R9 

RESISORS ~X t2 

CLEAR ALL RELAYS 
aox·13 

SU.S...(.CAL,...POSIT-ION -BQX,.43.). 
RlB 

CLEAR R18 

RESISTORS BOX tl 

CLEAR ALL RELAYS BOX tl 
CAL 2 

5340 W=27 : REM CAL 2=A< 27,K > 
5350 GOSUB 2000 
5360 OUT BlrR9 : REM SELECT DEFAULT RESISTOR 
5370 REM SELECT DEFAULT POL. l RECORDER ON 
5380 FOR X=O TO B STEP 4 
5382 REM TURN ON RECrBE CAREFUL ABOUT POL. t DEFAULT RES 
5385 IF 01+X=B1 THEN O~=BINAND<R9,I<P>> : OUT B1r05 : GOTO 5400 
5390 OUT Ol+Xr I< P > 
5400 NEXT X 
5410 C9=< <A< OtO >+AC 27 rO > >12 >-<<A< Or 1HA<27, 1 > )/2 > 
5415 04=0 : REH COMPARE READOUTS FOR INTERNAL EQUIL. 

TM-1099 
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5420 FOR w~t TO 26 
5430 Z< W>=« A< WrO >-A( W'1} )/C9 >*R 
5435 Z< U >=ASS< ZC lrl >) ·. 
S•36 IF W>2~ THEN 5438 
54 37 Q4=04+ABS< ZC W )-Q( W ) )/Q( W) 
5438 a< W>=ZOJ> 
5440 NEXT W 
5441 QS=100.0t04 . 
5442 REM SET BEEPER FLAG 
5443 CM= 100. Ol< < ZC 2S >-00 )/QO > : K6=ABS< Q6 l 
5444 IF K6<K9 THEN K7=1 : GOTO 5440 
5445 K7=0 
5446 OO=ZC 2S > 
5450 REM PRINT OUT 
5460 PRINT CHRt< TB> 
5470 GOSUB 8530 
5480 FOR W=1 TO 26 
5481 IF W=26 THEN PRINT• •;z<W> : GOTO 5S10 
5490 PRINT USING•tt4ttt.tt•,zcw>; 
5500 IF W=S 9R IJ=16 OR W=24 THEN PRINT : PRINT• 
5510 NEXT W 
5515 PRINT CHRt< T9 > : REM TURN OFF PRIMTER 
5517 GOSUB HOOO 
5518 03=0 
5519 ESC 
5520 RETURN 
6SOO REM READ KEilHLEY 180 
6510 REM DELAY LOOP LETS 180 Sc.'ITLE DuWH 
6520 FOR ~t TO C 
6530 03~0 : NEXT Y 
6540 REM LOOP FDR STATrD11D2rDJrB4 
6550 FOR L=O TO 2 
6560 JO=l+10 : REH 10=DlrD2 12=STAT 6=DJrD4 
6570 IF JO=U THEM J0=6 
6580 REM COHTROL & READ KEITHLEY 
6590 GOSUB 9000 
6600 NEXT L 
6610 REM RELEASE KEITHLEY 
6620 GOSUB 9020 
6630 REM 
6640 REM CALCULATE VOLTAGE FROM 180 
6650 GOSUB 9040 
6660 REM GO BACK AND DO ANOTHER 
6670 RETURN 
aoao REM *****TIMER SUBROUTINEit***** 
8090 C1=160 : REM ***** HOD l-3-BO ***** 
8100 REH DO=TENS,HINUTES 
8110 ]O=INP( C1+7) : REM ***** HOD 3-3-80 mn 
8120 DO=DO-IHT< D0/16 )t16 
8130 REM Dl=UNlTStHINUTES 
81-40 D=INP< CH6) : REM maa llOD 3-3-80 ***" 
8150 D=D-INT< D/16 >*16 
BloO REH F~=TENS+UNITSrHINUTES 
8179 FS=DO*lO+D 
8180 RETURN 
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8190 REM ********************'****************llttttllltlttttttlltlttt 
8200 REM KIETHLEY READ SUBROUTINE 
8210 REM DATE AND TIME 
8220 GOSUB 8270 
8230 PRINT D~ 
8240 GOSUB SSlO 
8250 PRINT 
8260 RETURN 
8270 REM THIS TO GET THE DATE FROM TIHE BOARD 
8280 C1=160 : REM ***** HOD 3-3-80 ***** 
8290 Y=1980 t REM tlltl KOD 3-3-80 ***** 
8300 H=l 
8310 TS=INP< C1t10 > 
8320 T4=INP< CHU> 
8330 TJ=INPC CH12 > 
8340 T2=INP< C1+13 > 
8350 T5=BINAND< TS115 > 
8360 T 4=BINAND< T 4, 15) 
837 0 T3=Il1NAND< TJ, 1 S > 
8380 T2=BINANDC T2115 > 
8390 Tl=llINAND( Tl' 15) 
8400 To=<T1*10000.0>+<T2t1000>t<T3t100>+<T4t10>+TS 
8410 F:ESTORE 8450 
8420 IF 16)364 THEN Y=Y+1 : T6=T6-365 : GOTO 9420 
8430 READ B 
8440 IF T6>B THEN T6=T6-B : H=H+l : GOTO 8430 
8450 DATA 31t28131r30r3lr30131r31r30131t30131 
8460 RESTORE 8510 
8470 FOR A=l iO H 
8480 READ Bt 
8490 NEXT A 
8500 D$=B$P •+sTR'S( T6 >+·, ·+sTR$( y) 
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8510 DATA.JAN •• ' ·FEB •• ' ·MAR •• ' ·APR •• ,•My• ,•JUNE• ,•JULY· ··AUG •• ,•SEPT •• ,•ocT •• ,•Nov •• ,•DEC 
8'520 RETURN 
8530 REM TIME IN MILITARY TIME 
8'540 C1=160 : REM it*St KOD 3-3-80 ttttt 
8560 FOR I=9 TO 4 STEP-1 
8570 I•=INP< CHI> : REM REMOVE TOP 4 BITS 
BSBO D=BINAND<D115> : REM REMOVE TOP 4 BITS 
8'590 PRINT Di : REH PRINT DIGIT 
8600 IF 1=8 OR I=o THEN PRINT•:•; 
8610 NEXT I 
8620 RETURN 
9000 REM KIETHLEY READ 
9010 OUT OO+i.0003%1JO : B<L>=INPCOOf%0001%) t RETURH 
9020 REM RELEASE 180 
9030 OUT OOti.0003%1 %00FF% : RETURN 
9040 REM CHANGE DATA TO SOME THING THAT HAKES SENSE OH SCREEN 
9050 REM *****'**;************US************"************** 
9060 REM Dt=LSD D4:i:HSD 
9070 Dl=BINAND< B< 0 hl14 >it .O 
9080 It2=BINANDt B< 0 >rH5 >*10.0/16.0 
9090 D3=BINAHD< B< 1 hH4 >*100.0 
9100 D4=BINAHDCBC1>rH5>Sl000.0/16.0 



911.0 REM **************************lttttttttttttttttStttttttl 
9120 REH Rl=POL R2=FUNCTIOM RJ=OVER RANGE R4=D.P. 
9130 Rl=BINANDC BC 2 ltlU.L t lF .JU.;:0. 1HDLR1;::1.-:.. GOTO. .91SO.. 
9140 R1=1 
915/J R2=BIHAND<B<2>rti2) IF R2=0 THEN R2=-3: GOTO 9170 
9160 R2=-6 
9170 R3=BINAND<BC2),M3> IF RJ=O THEN GOTO 9190 
9180 P.3=1 
9190 R4=BINAND< B< 2 >rH~ > : R4=( LOG( R4 )/LOG{ 2)) 
9200 IF INT<R4l=O THEN R3=R3t1 : GOTO 9250 
9210 IF INT<R4>=1 THEN R3=R3ito : GOTO 9250 
9220 REM ******************************tttitt**************** 
9230 IF INT<R4>=2 THEN R3=R3i100 : GOTO 9250 
9240 IF INT<R4l=3 THEN R3=R3t1000 : GOTO 9250 
9250 REM *****DUMMY 
9260 A<WrK>=<<<D1+D2+D3+D4)i10tt<R4-4>>+RJ>*R1t10t*R2 
9270 RETURN 

10000 REH ********** ESC ROUTINE ****~** 
10001 REM 
10002 NOESC 
10005 PRINT CHR1< T9) : REM PRINTER OFF 
10006 PRINT• IMPUT 1=MSG 2=CMD MODE 3=START READOUT 4=FILE LAST READOUT• 
10007 INPUT M9 
10008 IF M9<1 OR M9>6 THEN 10000 
10009 ON M9 GOSUB 10090110150110190110200 
10010 GOSUB 8090 
10011 REM KEEP THE CLOCX WORKIH& 
10012 F 6=f'S+F 1 
10013 F7 =Fl : FS=FS 
10014 IF F6>60.0 THEN F6=F6-60.0 
10016 IF Fo=F'S THEN Fo=F6-1.o 
10018 IF F6=60 THEM F6=59 
10019 ESC 
10020 RETURN 
10090 PRINT : PRINT : PRINT : PRINT•ffESSAGE= • : INPUT ZS 
10100 PRINT CHRS<TS> : REM TURN PRINTER ON 
10110 PRINT ZS 
10130 PRINT CHRt<T9) : REH PRINTER OFF 
10140 RETURN 
10150 PRINT.RETURN 10 PROGRAM USING: GOTO 101ss• : STOP 
10155 RETURN 
10160 REM 
10170 PRINT TABC30);•pt.£ASE USE 1 THRU 3 ONLY• 
10180 GOTO 10060 
10190 GOSUB 5000 
10192 RETURN 
10200 REM l * * FILE LAST READOUT 
10204 GOTO 10210 
10205 OPEN\2180r2\K2S : OPEM\J,8012\KJS : OPEN\418012\X•t 
10210 FOR t\5=2 TO -4- . 

10215 PRIHT\KS\USING•ttt.tttt•,zc27JI ' NEXT l~ 
10220 FOR 1\5=1 TO 8 
10225 PRINT\2\USlHG· tttt.tt •,z<K~>f r NEXT KS 
10230 PR IHT\2\ 
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10235 FOR KS=9 TD 16 
10240 F'RINT\3\USING· Httt.n•,z<KSH : NEXT K5 
10245 PRINT\3\ 
10250 FOR t\5=17 TO 24 
102~5 PRIUT\4\USING• tttt+•tt•rZ<KS); : NEXT K5 
10260 PRINT\4\ 
10265 REM CLOSE 
10268 PRINT CHRf< TB> 
10270 PRINT.ABOVE POIHT ?ELECTED FOR TABLE• 
10272 PRINT CHRSC T9 > 
10275 RETURN 
10300 REM * * SET BEE:PER ON 
1031.0 K8=1 : RETUF:N 
103:;0 REM i * SET BEEPER OFf' 
10360 KB=O : RETURN 
11000 PRINT CHR$(26} : PRINT : PRINT : PRINT 
11010 PRINT TABC20);•tHE CAL RESISTOR IS •;R;• OHMS DO YOU UANT TO CHANCE IT• 
11020 PRINT TAB< 20 H • < Y=YES RETURN=NO )• 
11030 INPUT TS 
11040 IF n=• •THEN 11080 
11050 IF n<>·v·THEN 11000 
11060 PRINT CHRf( 26) : PRINT : PRINT : PRINT 
11070 PRINT TAB<20);•wHAT IS THE VALUE FOR R •; : INPUT R 
11080 PRINT CHR$C 26 > : PRINT : PRINT : PRINT 
11090 PRINT TAB'.20);•THE DELAY IS SET FOR 5 SEC/POINT. no· 
11100 PRINT TAB<20);•no YOU WISH TO CHANGE IT Y=YES RETURN=NO •; 
11110 INPUT TSi 
11120 IF 1$=• •THEN 11180 
11130 IF Tt<>•Y•THEN 11080 
11140 PRitfT CHR$( 26 > : PRINT : PRINT : PRINT 
11150 PRINT TAB<20H·INPUT DELAY JSEC/1000 UNITS I.E. IF YOU INPUT 1soo•; 
11160 PRINT TABC20);•rHE DELAY WILL BE 4.5 SECS.• 
11170 PRIITT TAB< 20 H •DELAY= •; : INPUT C 
11180 REH 
11200 PRINT CHRS< .26 > : REM CLEAR SCREEN 
11210 PRINT CHR$( iS > : ·REH TURN OH PRINTER 
11220 GOSUB 8210 
11230 PF:nn CHR1( T9) : REM TURN DF'F PRINTER 
11250 PF:INT.TYPE IN MINUTES HOW OFTEN YOU WISH A READOUT 1 •; 
11260 INPUT Fl 
11270 PRINT 
11280 PRINT.TYPE IN RESISTOR t THAT YOU WISH CONNECTED TO KIETHLEY AFTER• 
11290 PRINT.AUTO SCAN 'R' CAN BE BETWEEN 1 AND 26 • : PRINT 
11300 PRINT· BOXt POSITION-> --CAL--1---2~3---+--s---o---7--s--· 
11310 PRINT•---------------------- ----- • 
11'320 PRINT• 1 CAL 1 2 3 4 5 6 7 B • 
11330 PRINT• 2 9 10 11 12 13 H 15 1• 17 • 
11340 PRINT• 3 18 19 20 21 22 23 24 25 26 • 
11350 PRINT 
11355 INPUT R9 
11360 IF R'1>26 OR R9<1 THEN 11280 
11365 GOSUB 12000 
11370 P=1 
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11420 REM f * CREATE FILES 
11428 PRINT.INSERT DATA DISKETTE IN DRIVE B:• 
11430 INPUT.ENTER CALIBRATION NUMBER ON RESISTORs:•rKlS 
11431 PRINT CHRt( TB> 
11432 DSK•B:• 
11435 K21=•B:A•tt<U 
11+40 t\J$=•Ic:B 11 +KU 
11445 K4t=•B:c•+J<U 
11450 CREATE K2' : CREATE K3t : CREATE K4f 
11451 OPEN\2,SO\K2t : OPEN\3rSO\K3$ : OPEN\4180\K4f 
11452 PF:INT\2\Ku;• - 1 - 2 - 3 - 4 - 5 - t.•; 
11453 PRINT\2\• - 7 - 8 • 
11454 PRINT\3\Kl s; • - 9 -10 -U -12 -13 -14•; 
11455 PRINT\3\ • -15 -16 • 
11456 PRINT\4\Ktt;• -17 -18 -19. -20 -21 -22•; 
11457 PRINT\+\• -23 -24 • 
11458 REM CLOSE 
11459 PRINT CHR'< T9> 
11490 PRINT CHR1< 26> : REM CJ.EAR SCREEH 
11500 PRINT CHRt<27);•:71•; : REM GO TO BOTTOM OF SCREEM 
11510 PRINT CHRi< TS> 
11550 REM ***** GO AND READ ALL RESISTORS ***** 
11560 GOSUB 5000 
11570 REM U:l;t GO AND READ THE Tiit£ <JUST MINUTES> tiiii 
11580 GOSUB 8090 
11590 F7=F1 : FS=FS 
11600 F6=FS+Fl 
.U4lQ _If'._ EQ6_Q._o_:rHEN_f6~f..6=60t.~ 
11620 IF Fo=FS THEN F6=f6-t.o 
11630 IF F6=60 TH£N F6=59 
11640 GOSUB 15080 
11650 GOSUB 8090 
11660 REM t~it STAY IN LOOP TILL ITS TIME TO DO ANOTHER RUN ***** 
11670 GOSUB 15000 
11680 IF F6<>F5 THEM GOTO 11650 
11690 REH CLEAR ROW 
11700 GOSUB· 1S120 
11710 REM GO READ CAL AND PRINT OUT AU. RESISTORS 
11720 GOSUB 5000 
11730 GOTO 11 SBO 
11995 REH DEFAULT-RESISTOR 
12000 R8=R9 
12005 IF R9>S THEN 12020 
12010 I< 1 =02 : -R9=S< R9 > : RETURN 
12020 IF R9=9 THEN B1=%00C9% : R9=%00FD% : RETURN 
12030 IF R9>17 THEN 12050 -
12040 B1=02+4 : R9=R9~9 : R9=SCR9> : RETURM 
12050 IF R9=18 THEN B1=%00CD% : R9=%00FD% : RETURI 
12060 B1=02+8 : R9=R9-18 : R9=S<R9> : RETURN 
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13200 REM ****************************lttlttttttttttttttttttttttttttttttttttt:ttttt 
13210 REM S CGR RTN 
13220 REM ll*lttttttttitttttttittittttittitt**tlttttttttttttttttttttttttttttttttitttt 
13230 REH 
13600 OPEN\1 , 200\R9S 
13602 X=25 
13605 FOR Y1=0 TO 100 
13610 FOR X1=0 TO 1 
13615 INPUT\1\Gl< XhYl > 
13620 NEXT Xl 
13625 NEXT Y1 
13630 CLOSE\1 \ 
13635 RETURN 
13640 REM tttiitt•ttttttttttttttttttttttttttttttttttttttitttttttitttttittittti 
13700 REM t 18 OHM RTN 
13710 REM tt*tttttt;tttttttttttttttttttttttttttl 
13720 GOTO 13780 
13730 OPEH\1, 50\RSS : X=18 
13740 FOR Y1=0 TO 2~ 
13750 FOR X1=0 TO 1 
13760 INPUT\1\G( x,x1,n) 
13770 NEXT X1 
13772 NEXT Y1 
13775 CLOSE\1 \ 
137.80 RETURN 
14000 REM GO DO CTR RTH 
14010 @CHRSC TB H 
14020 X=2S : R£M R2S=C1201 
14030 GOS!JB H~OO 
14035 Z< 2S>=ABS< Z< 25) > 
14037 @• • ; 

14040 IF A2C X >=1 THEN@•Rl201= • ;z( 25 h •TEMPERATURE OUT OF RANGE• : GOTO 14090 
14050 @" C1W1= • ;z{ 25 ),•TEMPERATURE= • Ul3C :?5 H•t<• 
14051 PRINT 11 DRIFT OF CALIBRATEES SINCE LAST W-ADOUT= • ;05;•:• 
14052 PRINT"DRIFT OF CALIBRATOR DURING THIS READOUT= •;ao;•:• 
14055 Z< 27 >=A3C 25 > 
14090 @CHRS( T9 H : RETURN 
14100 REM DO 100 OHM RTN 
1.U02 GOTO 14350 
14105 ZC 1B>=ABSC ZC 1B)) 
14110 @CHRS( TB H 
14120 X=18 : REH RlOO IS IN SLOT 18 
14130 GO SUB 14200 
1.u35 e· ·; 
1.U-4-0 IF A2C X >=1 THENl!9R100= • H< 18 )f •TEMPERTURE IS CUT OF" RAHGE• : GOTO 1419~ .. 
14150 e· R100= • ;zc 18), ·TEHPERTURE= • IAJ( 18 H. oJC• 
141 90 @CHRSC T9 H : RETURN 
14200 REM ***********************************~ttttttS******** 
14210 REM 18. TABLE LOOKUP 
14215 REM 
14220 A2C X >=O : REM RESET RHG ERR FLAG 
14230 IF Z<X »G< x, 1r0 >THEN A2< X >=1 : RETURN 
14240 FOR Xl=O TO 23 
14245 IF G<XrOrX1>=0 THEN A2CX>=1 : RETURN 
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H2SO IF Z< X »G< X, 1, Xl >THEM H270 
14260 NEXT Xl 
14265 A2CX )=1 t RETURN 
14266 REM t NOT IN TABLE SO PRINT *** 
14270 E=< LOG( G< x,o,x1-1 )/G( x,o,x1) )}/(LOG( G( XrlrXl-1 )/G( x. 1.x1))) 
14280 Z'3=ZOC >JG< X' 1 r Xl-1 > 
14290 ·z4=EXP< ElLOG( Z3) > 
14300 A3( X>=ZUG<x,o.x1-1) 
143SO RETURN 
14360 REM 
14400 REM '****************************'******************l:tUtt*** 
U410 REM C.G.R. TABLE LOOK UP 
14420 REM 
144 30 A2< X >=O : REM RESET RNG ERR FLAG 
14440 IF Z< X »G1< 1,0 >THEN A2t X >=1 : RETURN 
14450 FOR Xl~ TO 98 
144SS IF Z<X»G1< 1,x1 >THEN 14470 
14460. NEXT Xt 
14465 A2< X >= 1 : RETURN 
14470 E=< LOG( Gt< OrXl-1 >IGl< o,x1 >))/(LOG< Gl< l rXl-1 )/G1( l•Xl >)) 
14480 Z'3=Z<X )/G1< 1tX1-1l . 
14490 Z4=EXP< ESLOG< ZJ > > 
14500 A3< X>=Z4*G1( OrXl-1 > 
14600 RETURN 
15000 REM t************************************UtUll*USUttam 
15010 REM DISPLAY TIME TO GO 
15020 REM 
15030 IF FS<>F8 THEN 15050 
15040 RETURN 
15050 FB=f5 
15060 F7=F7-1 
15070 REM PRINT ON LIME 24 SO 
15080 PRINT CHRS( 13 H 
15100 PR INT F7i 
15110 RETURN 
15120 PR INT CHRt< 27 H • =7 • ; 
15130 RETURN 
lS.200 REM BEEPER SUBROUTINE 
15.210 _IF IO*KS=O THEN RETURN 
15220 GOSUB 15300 
15230 RETURN 
15290 REM C1201 EDUIL. CHECKING SUBROUTINE 
15300 FOR X=O TO S STEP 4 
15310 OUT 02+x, %00FF7. : REH CWR BOXES 
15320 OUT OHX1i!OOFF% : NEXT X 
15340 W=O : REM CAL 
15350 GOSUB 2000 
15360 OUT 021 %00FF% 
15370.W=.25 : REH C1201 
15380 OUT 02+8rS< W-18 > 
15390 GOSUB 2100 
154-00 OUT 02+St%00FF% 
15410 OUT B1'R9 : REM RECORDER 
15420 FOR X=O TO 8 STEP 4 
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15430 IF 01tX=B1 THEN 05=BINAND<R9rICP>> : OUT B110S : COTO 15450 
15440 OUT OHXr I< P > 
154 50 NEXT X .. 
15460 Ql =<<A< 2510 >-A< 25, 1 >)/(A( o,o >.;.A< Or 1) >>SR 
15465 01=ABS< Ql > 
15470 Q2=100 .oi< Q1-QO )/QO : QO=Q1 
15475 t\b=ABS< Q2 > : IF K6<K9 THEN K7=1 : GOTO 15480 
154 7 6 K7 =O : REH :BEEPER 
15480 PRINT CH.~$( TSH : PRINT usrnc• ttt.tt1• ,g2; 
15490 Q3=Q3+1 : IF 03=10 THEN PRINT : Ql=O 
15500 PR INT CHR$( T9 H : PRINT CHRt< 7 H : REH BEEP 
15510 RETURN 
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