NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



LSRR “

D
. %"

i
LI

] ST TR TR TN T T g TR T T —— L | ——w" m_—mww ———
X JER ER

o T e T AT R e . Te..

‘;

fewq ey punq puag emmy N UIN N BN N OB OB DD BN D A W

TECHNOLOGY INCORPORATED

LIFE SCIENCES DIVISION

SPECIAL REPORT
ON THE
METABOLIC RATE MEASUREMENT SYSTEM

Prepared for the NASA Johnson Space Center
Environmental Physiology Laboratory

(NASA-CR-164bt93) METABCLIC HKATE AEASUMEMENT Hel-14614
SY5TeM (lechucicyy, Ipc., iHcuston, 1Tex.)
617 p HC Au4/MF AU1 CsoCl J¢eB

Uuclas

G3/5¢ 1151¢

June 3, 1980

P. O. BOX 58827 .

e e g e e —C——— T

HOUSTON, TEXAS 77058

e W




TECHNOLOGY INCORPORATED
Life Sciences Division
Houston, Texas

SPECIAL REPORT

Metabolic Rate Measurement System

Enviromental Physiology Laboratory
National Aeronautics and Space Administration
Lyndon B. Johnson Space Center

Contract NAS 9-14880

Project 0175-80

Prepared by:

2 LML 221 ,%‘:ﬁ' kﬁ

Kenneth Koester
Technology Incorporated

v ! P
William Crosier
Technology Incorporated




Approval Sheet
for

The Metabolic Rate Measurement System

ames M. dﬁfi é’
NASA Medical Research nch

el O

Approved by:

Edward C. MoseTey
NASA Medical Sciences Division

ce President
ife Sciences Division
rated

. Wayne Hoit
General Manage
Technology Inco

ilip C. Johnson, M.D.
Chief Medica1 Research Branch
NASA Medical Sciences Division

i

=2 — T T N T

ks i M ¢



Table of Contents

Cover Sheet ==eececccccccccccncanccncaccnnncecnccceannea.
Approval Sheet ~=e---eccccccoccnmanmcnnccccncccncnccnccce.
Table of Contents ~e=ccccccecccccnccccccccccnncccccccne-
Introduction =-ecceccccccccccccnccncccanccccncccnccccana-
General Description ==ceecc-cecccccccncaccccccccncnnaa..
Hardware Description ~ec-ecceccoccccccccnccccccccccacaca..
LSI-11 Board Configuration -----cececccccccccccanaa.
Hardware Block Diagram ---cececcccccccccccanncncnca.
Cable Diagram and Pin List ~=--cceccccccccaccnccna..
Valve Controller Schematics & Block Diagrams -------
Software Description =eec-ccccccccccccmancccccnccaccna-ns
Operation =c-ceccecccccccccceccccccacccccccnccncncacanas

Appendix
Appendix
Appendix
Appendix
Appendix

Physiological Equations =--=-ceccaccccccccncaaas
Program Flow Diagram ---cececcceccccccaceccacccas
Program Listings =-=-e-c-cccccacccmcccmccacaaa-
Terminal Printout --=<cccemcccccccccccccnanaa..
Calibration and Verification -----ccccccccacan.

MOO >

1id




INTRODUCTION

The Metabolic Rate Measurement System (MRMS) is an uncomplicated and
accurate apparatus for measuring oxygen consumption and carbon dioxide
production of a test subject. From this one can determine the subject's
metabolic rave for a variety of conditions. such as resting or light exer-

cise.

MRMS, 1ike its predecessor (Metabolic Measurement - X75 Ident. No. 55005-0),
utilizes an LSI/11-03 microcomputer to monitor and control the experimen-
tal apparatus. However, accuracy and efficiency have been improved by
utilizing more refired equipment and techniques. Future plans include
configuring the LSI/11 to communicate with a larger central computer.

This will also be done with several other LSI/11 controlled experiments,
such as the Skin Temperature System so that as much data as possible can

be collected and stored in highly efficient manner.
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GENERAL DESCRIPTION

To measure the oxygen consumed and the carbon dioxide produced for a
test subject, a somewhat constant flow of ambient air is pulled through
the face mask and mixed with the subject's expired air. A mass spectro-
meter is used to determine the concentrations of gases in both the in-
spired and expired air. These concentrations as well as temperature,
pressure and flow rate are monitored by a Digital Equipment Corporation
LSI-11 Microcomputer. The computer programs,which are written in
Fortran and reside on a floppy diskette,automatically calibrate this
equipment, control the sampling of the various parameters, calculate
the minute volumes of the gases, and display the results on the tele-

type.

The LSI-11 measures the gas concentrations from the Mass Spectrometer,
as well as the temperature and pressure measurements by means of an
ADAC 1030 A/D converter. A parallel interface board provides the
communication 1ink from the flow meter output,and to the solenoid

valve controls.

The ADAC 1030 accepts up to 16 analog input signals, Output is an integer
in the range 0-2047. Channel selection as well as gain are programmable.
The counts are converted to a value signifying a measurement (such as &/
min, deg. cent. etc.) by means of the linear equation value = slope *
counts + intercept. The slope and intercept values are determined by cali-

bration techniques.
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The temperature and pressure transducers are assumed constant devices,

and so were calibrated once during hardware assembly.

The measurements from the Mass Spectrometer are calibrated during ex-
perimentation. Two calibration gases, of precisely known composition,

are analyzed to provide slopes and intercepts.

The selection of gas (cal. gas 1, cal. gas 2, exhaled or ambient) picked
up by the mass spectrometer probe is controlled by a set of solenoid
valves. A digital control device converts the interface board signal

to the 110 v. signal needed to actuate the proper valve.

To measure flow, a turbine-like transducer sends a signal to an amplifier/
signal conditioner, which generates a square wave. This is sent to a
frequency counter which then generates a BCD signal on the parallel in-
terface as well as displaying the results on the LED display. The flow
measurement system was also calibrated during hardware assembly. The

flow is governed by a variac controlled exhaust fan.

A complete block diagram of hardware a~rangemert appears in the hard-

ware description.




Slot
Location

1

2A

2C

3A

3C & 4C
4A

5A

5C

6

First
Backplane

Second
Backplane

Board Configuration of the LSI-11 Microcomputer

DEC
Module No. Device No. Description
M7264 KD11-F Microprocessor with 4K RAM
M8044 MSV11-D 32K words x 16 bit memory
M7946 RXV11-A Dual floppy disk drive controller
D RAR Serial line interface for teletype
M7941 DRV Parallel line interface
M9400YE BCViB First backplane terminator & bus extender
M9401YE Bus continuity card
MLSI-SMU System monitoring unit
16 channel A/D & 2 channel D/A interface
A B8 c D

1 CPU with 4K memory

2 32K memory disk controller

3 serial interface parallel interface

4 bus extender parallel interface

5 bus connector SMU

6 analoa to digital converter

7

8
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CABLE RUNNING LIST FOR ANALOG/DIGITAL INTERFACE

Cannon DD505 50 pin Ribbon Cannon DD50P Mating Connector
Cable Mounted Connector on PC Board
FUNCTION COLOR PIN PIN FUNCTION
CO2 signal black 16 31 ADCO in
o1 CO2 return green 33 2 ADCO return |
0? signal white 15 29 ADCY in
02 return yellow 32 30 ADC1 return
P15
P18 Temp signal gray 14 27 ADC2 in
Temp return orange 31 28 ADC2 return
P17 Press signal violet 13 25 ADC3 in
Press return red 30 26 ADC3 return
5 |
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CABLE RUNNING LIST FOR PARALLEL INTERFACE

FUNCTION PIN
Cal gas #1 solenoid 1
Cal gas #2 solenoid 2
Exhaust air solenoid 3
Ambient air solenoid 4
Meter BCD 1000 2

2000 3
80 4
40 5
20 6
10 7
8 8
4 9
2 10
1 N
Busy Flag 12
Meter BCD 4000 A
8000 B
800 c
400 D
200 E
100 F
Signal Ground M

PIN FUNCTION
2 C Out 00
3 K Out 01
4 NN Out 02
5 U Out 03
1 PP Ground
17 U In 12
13 P 1In 13
25 CC In 07
27 EE In 06
29 HH In 05
31 KK In 09
24 B8 In 03

7 H In 02
32 tL In 01
38 T In 00

9 K CSRO
12 N In 14
n M In 15
18 V In n
19 W In 10
21 Y In c9
22 Z In 08
30 JJ Ground

P13
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SOFTWARE DESCRIPTION

The software package is developed in and supported by RT-11 v3B operating
system. The real-time test program is written in Fortran and operates in
phases that are user controlled. Although this requires user intervention,
it permits software design so as to minimize the number of subroutines

and associated overhead.

The main phases of the real-time test program operate in the following

manner.

Calibration: Open solenoid valve for a cal. gas and flow for 30 seconds
to clear tubing. Average 100 readings each for 02 and CO2 concentrations.

Repeat for other cal. gas. Calculate slopes and intercepts. Print results.

Test data: Set valve for ambient gas flow for 7 seconds to clear tubing.
Then sample ambient data continuously for the next 8 seconds. Set valve
for exhaled gas flow for 7 seconds to clear tubing. Then sample exhaled
data continuously for the next 38 seconds. During the duty cycles (8 sec./
ambient, 38 sec./exhaled), no other operations other than data gathering
are performed. Averaging, computational calculations, and printing are
done during the 7 sec. wait cycles. This 60 second cycle is repeated

until user intervenes.

The resulting program provides good flexibility of initial conditions as

well as high sampling rates and efficient use of CPU capability.

12
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OPERATION

Insure cal gases are operational; verify proper hose connection
(gas 1 with hose #1, etc.); bottle has sufficient operating pressure;

pressure is adjusted properly (4-8 psi is sufficient).

Insure mask hoses are properly connected. Hose to tank and tank to
flow meter/fan are color coded for proper connection. Capillary

tube connects to Inlet connection.

Insure mass spectrometer is properly configured. Probe is connected

to Mass Spectrometer connection. Proper inlet is selected and unit

is "ON". Verify mode is % and output signal cables are connected
to converter patch panel. (NOTE: A filter/amplifier box may be in-

serted between the mass spectrometer and the patch panel.)

Verify the patch panel connections are attached to the proper channel
Ch. 1: 02 signal

2: C02 signal

4: Temp. signal

5: Press. signal
Load floppy diskette into disk drive; Disk ENVIRE contains the RT-11
v3B operating system as well as program into ENVIRE .SAV and data
file DATCON .VAL.

Turn on power to teletype, turn on power to CPU and other hardware.

The teletype should print "$". To boot the system; clear the INTRPT

1ight (depress the key once), type "DX" and carriage return. The

13
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system will then boot up ready to accept commands.

Type "R ENVIRE" <CR>. Envire prints adequate instructions for
operator actions required. Appendix D is a hard copy printout

containing expanded comments about options etc.

14




APPENDIX A
PHYSIOLOGICAL EQUATIONS
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Indices: {+calgas 1 or2
3 + 1=02, 2=C02

Given %(1,3) = m(J) = £(1,3) + b(J)

where % -+ cal gas percentage
£ + mass spec output, read as counts from A/D

b(j) = %(].j) - m(J) * E(]oj)

Respiratory Quotient  Rq ,_A_SQ_

C0, Production ACO = {STP % f2 » [Qa(2) - ra* Qe(B)]_} averaged
0y Consumption 40 = {STP » fi » [ry *Qe (3) - Qe(1)]} averaged

273.15

Temp/Press. Correction STP = [( WT) * (—7%-6)] averaged

Gas Concentration Ph(j) = m(j) « g(k,j) + b(J)
where k denotes ambient or exhaled concentration

and ph(nitrogen) = 100, - PR(]) - ?k(Z)

Ratio factor r; = [24%,-] averaged

Flow fe measured in litres/minute

STP and rj are calculated and then averaged during the ambient duty

cycle as described in the Software Description section.

16




2 and pe(j) are measured and a value for ACO' and 40' 1is calculated.

Due to experimental restriction, 1t is necessary that the ambient measure-
ments (STP and r;) be considered constant, at least during the exhaled
duty cycle. The values of ACO' and A0' are averaged (to get ACO and AO),
as described in the Software Description section. Rq reflects a single

value, for the minute of data sampled.

17
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APPENDIX B
| PROGRAM FLOW DIAGRAM
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Input

Rea e
DATCON. VAL

Open vent
valves

Output

Print
header

Jutpu
Print In-
struction

IPHS
100 80(300 )

19
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Input Out ut
User may change
> any or all
values for:

CALPCT 1.J

~ “Open value (k)
wait 30 seconds
o GASSUM(j) - 0.0
, r 1POKE ( IADCSR , IADCGC(j))
i 0 INT=IPEEK (IADBUY)
1 T1GASSUM (K )=GASSUM (] )+
8 FROOT(INT)/GSGN(J)

GASCNT (j )=GASSUM(§)/100.
~JGASSLP(3)= CALPCT(2, j)-CALDcr(x,i)/
a1 GASCNT(2,5)-GASCNT(1,5
8 GSNTCP(j)=CALPCT(1,§)-

[GASLP(j)*GASCNT(1,57]
}
’ Output Output
PEA;EQT(' i Open Print "tnd
i, of Phase'
GASSLP(j) vent valve
GSNTCP(j)

Stop Timer
Close Valves




OTeSEC-T

L

@. Lo lianss1trin()
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LEXH= FALSE.

02CON=02SUM/EXCNTR
CO2PD=CO2SM/EXCNTR
RESQ=C02PD/02CON

025UM=0.
CO25M=0.

FeTue ) [ e
PCTEXH(J), LOATHDs F,

ﬂ@




> 15,

=60

v

T=T+60.
MIN=MIN+1

LAMB=.T,

AMCNTR=HMCNTR+1.
Read Mass Spec w
Calculate PCTABM(])

ONSUM=0ONSUM +
PCTAMB(1)/PCTAMB(2)

CONSUM=CONSUM +
PCTAMB(2)/PCTAMB(3)

Read T and P

Calculate TEMP and PRES

STPP= ( 273.15 ) * PRES

Z75.15+TEME 780.
STPS=STPS+STPP

STP=STPS/AMCNTR
ONRAT=0NSUM/AMCNTR
CONRT=CONSM/AMCNTR

LAMB= FALSE.

AMCNTR=0.
STPS=0,
ONSUM=0.,
CONSM=Q.

0T < 60.

LEXH=.T.
EXCNTR=EXCNTR+1.

Read Mass Spec
Calculate PCT EXH(j)
Read and calculate FLOW

02SUM=02SUM + [STP*FLOW*
(ONRAT*PCTEXH(3) - PCTEXH(1))*.01)

C02SM=CO2SM + [STP*FLOW*
(PCTEXH(2) - CONRT*PCTEXH(3))*.01]

22




APPENDIX C
PROGRAM LISTINGS
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—EQRIRAN IV w03 . tel _ FR] 2R=MARsAQ 0i1:0S:0Q__ —_—

-
0001 PROGRAM MARVS
Jv
c
C—
0002 10 FORMAT (/,17X,
x ‘M R M S LY,
* SX,*REAL=TIME TEST PROGRAM TO SUPPORT THE®,//,
- SX, 'METABOLICuRATEaMEASURENMENTaSYSTEM, "1/,
* SX, *ENVIRONMENTAL PHYSIOLOGY LAB,*//,
& SY,*TECHNOLOGY INCORPORATED *, /42y .~
c
- KEN KOESIER
c REVISION 1
c
c
c IYPE
0003 IMPLICIT LOGICAL (L)
—D00d LOGICAL &Y 1YS,.INO,ISTP,TANS
o
c S1ZE —_—
0005 DIVENSION IDAT(3),INAM(1S),IMOD(1S)
—0006  DIMENSION CALPCT(2,2
0007 DIMENSION GASSLP(2),GSNTCP(2),GSGN(2)
—0008  DIMENSION GASCNT(U,2),CASSHIM(2)
0009 DIMENSION IVLVMD(S5),I1ADCGC(S)
C
c CoOMMOYN
0010 COMMONMZPLOTRZLDATHD,MINL,O02CON,CO2PD,
* £SQ,TEMP ,PRES,EXCNTR,LAVG,FLOW, ISCL
1011 rnvgnurlnS/Q;'r
o
0012 EXTERNAL-TICK ——
c
| ol DATA
0013 DATA IYS/1MY/,INO/INN/,18TP/1HS/,1RL/"0T7/
N0 DATA I\ \lMDl"hl"M,"ﬁuJLﬂJ 144
0015 DATA TADCSR/"176770/,14D8UF/"176772/,10RVBF/"167772/
— 0036 DATA STPS/O./,023UMLO /L, LNISM/LO/,CAMAXLO / I
0017 DATA AMCNTR/0,/,5XCNTR/0,/,0NSUM/0,7,CONSM/0,/
— 0018  DATA SEC/0,/,MINZOY/ _ _ —
C
c
o READ DATA CONSTANTS
[ [ - ° “Al ”
0020 READ(2,60) ((CALPCT(I,J),J=1,2),121,2),
x (GSGN(I),1=21,2),(PADCGC (MY MY U)
o
0023 1SCL=2
12 C
1 c. SIQEI QQQG C| oc. ——— e
'g 0022 ISREBINTSET(104,4,0,TICK)
{___onzx~___.__cALL_LRQ&EL—Lunuuh;nooax__. e e e e
X 0024 CALL IPOKE("172540,"113)
[
s —— - —
&
s 24
s
(]
R
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A

12
"
10
9

-w s B O v

e EORTRAN-JN— Y02 iml  ER] 23=MAR=A0 01305309

F .

oD

OPEN VALVES FOR VENTING

0025 EALL—TROKELIDRVER, LV VMNLS))

c
4; Wﬂm
0026 TYPE 10
——002F——FNRE 42
0028 LCCEPT 13, TANS
— 0a9—— IR CIANSEQ IND)GO-T0-92 -
c
C GETRMASE & -BRANCHM
0031 90 CONTINY
——3032——— TYRE 4
0033 92 ACCEPT 15,1PHS
0034 IR{IPNS 610} 6O-TO 04
0036 ACCEPT 15, IPHS

003 8450 10 £100+200,300,400,500)1RKS

C
£
c....----.-PHhSE | DATA CONSTANYS
—0038— 1-00—EONT-TNUE
c
54338 TYRESO -~
c
c CMECK GAS GAINS
0040 DO 110 1=1,2
0044 TYRE §2,1,5SGMLI)
0042 ACCEPT 13,1ANS
— 0043 . IF(JANS.NE.IY¥YS) GO IO 31O
004sS TYPE 5S4
2046 ACCERT S3,VALUE
0047 GSGN(I)svaLut
—_—00u8 $+10-CONTINYE
C
c _ CMECK RROGRAMMAGLE GAINS
0049 DO 120 Vv=i,d
—_—08 0 TYRE S6 M, IADCGL (M)
00851 ACCEPT 13,1ANS
2082 1F(1ANS NEL 1Y) 6O 10 120
0054 TYPE S4
2085, ACCERT S7.INT —-
0096 IADCGC (M) SINT
0087 120 CONTINUE
o
< CHECK CAL=GAS X*§ —
0058 DO 130 Is3t,2
0058 D430 J=4,.¢
0060 TYPE SB8,1,J,CALPCT(I,J)
0061 ACCERT $3,14NS
0062 IF(IANS NELIYS) GO TO 130
—_— 0l ¥R 5S4
0065 ACCEPT S9,VALUE
—0080————— SALRCT (I3 )=ALUE
0067 130 CONTINUE i v
OF 3 :,‘,,‘ e Tt
el :x ey
o Ty

25




—FORIRAN IV y02.iel _ FR] 28«MAR=80 01:08:09

C

c SET SCALE VALUE
0068 IYRE 42
0069 ACCEPT 13, 1ANS
0070 1E_(IANS.EQ.1¥S) GO TO 140
0072 IsCL=t
0073 IYRE 63
0074 140 CONTINUE
[ ol
c END OF PHASE 1==GET NEW PHASE
0025 TYPE 22,1PNS
0076 GO TO 92
L
c

—_—  (esecese-wePHASE 2  WMEADER INFORMATION

0077 200 CONTINUE
0078 TYPE 16
0079 ACCEPT 17,(IDAT(M),MN21,3) - i
0080 JYPE 18 ]
0081 ACCEPT 19, (INAM(M),M21,15) ]
Q082 IYPE 20 _
0083 ACCEPT 16, (IMOD(M),M21,18)
C
c END OF PHASE 2<«GET 'Ew PHASE
0084 TYRE 22,1PHS
0085 GO TO 92
C
o
0086 300 CONTINUE
C T
0087 TYPE 24 !
C
0088 DO 31S X=1,2
C
o - OPEN VALVE(K)=epAIT 30 SECONDS
0089 CALL IROKECIDRVBE L IVLVMD(K))
0090 T=SEC
0092 IF(OT.LT,30,0) GO TO 303
C
c ANALYZE EACH TYPE FOR 100 SAMPLES
0094 00 348 J=1,2
009S GASSUM(J)=0,0
[ od
0096 DO 30S M=1,100
—— 0509  CALL IPOE(IADCSR,IADCGC(JII) —_
0098 INTZIPEEX (1ADBUF)
— 0080 CASSUM(J)=CASSUM(JISELOAT(INTILCSONC])
12 0100 305 CONTINUE
11 r
10 0101 GASCNT(X,J)=2GASSUM(J) /100,
? 0102 315 CONTINUE . S
]
C
?
[
s
lg 26
3
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0103 DO 320 J=)1,2
—— O GASS LR L CALRE T (2P =G AL RC T (L d )
* /(GASCNT(2,J)=GASCNT(1,J))

0105 GENTCRLIISCALAL T 1= (GASSLALII AGASTNT (103D
0106 320 CONTINUE

L.
)

0107 TYPE 261
— 0408 TYRE 26, (CASENT 13, 2) CASSLREI)I A CENTCR (Y
0109 TYPE 262
O TYRE 26, (GASONT (I, 20 I3+ 2) GASSLRI2), GONTCRR) ——
-g ENO-—OFE—RMHASE—3anGET NEN-RHASE-
0111 CALL IPOKECIDRVBF,IVLVMD(S))
—— 42— FYRE 22, 1RuS
0113 60 TO 92
rad
c
Comen Pl TmDATA-

0114 400 CONTINUE

0115 TYPE 30 a
— 5t —LLCERT 13, 1ANG
q
—— R T¥AE 33, NGy 2 1S LA T R 2 3 L e = b 1
0118 LDATHD3,TRUE,
s L Exz RALSE,
0120 LAVG=,FALSE,
—_— 0t MIN=3
0122 T=SEC
L
0123 402 IF(IANS,EQ,ISTP) GO TO 49S
C
o START TIMER
— 0335 405 DT=SECaT
c "CHECK FOR USER REQUEST |
— i3 JANS=ITTINR(OMY) .
0127 IF(IANS,EQ.ISTP) GO TG 402
C SET VALVE COMFIGURATION —
0129 Ivsd |
— 03130 IF(DI.GT,15.) Ju=3 : —
0132 CALL IPOXE(IDRVBF,IVLVMD(IV))
c CHECK TIME PRASE —
0133 407 CONTINUE
0434 1E(DT.GT, 7.3 GO 10 LS -
c DT<«7: VvAKE CALC'S &
c PRINT RESULTSe THEN IDLE, .- — ———
0136 IF(.NOT,LEXM) GO TO 405
r ——
0138 LEXH= FALSE,
r e
0139 02CONZ02SUM/EXCNTR
——03u0  CO2PD3COSMI/EXCNIR —
0141 RESG=C02PD/02CON

27




— —EORJRAN Tv _ y02.lel  FR] 28<~MAR=80 01205209 -

c
0142 02Su4=0,
— 04— LO@SN=20, - —_
C
—04uu CALLRLOT
0 TYPE 80, ((PCTAMB(J),PCTEXH(J)),J21,3),0NR,CNR,STP,FLON
- 080 FORMAT(X,10EQ 3]
014S EXCNTR=0,
—Qus LOATHD= FALSE,
o
01u7 6010 44S
c
(ol b 6 ¥ IR rHECI NE‘I EHASE
0148 41S CONTINUE
0349 JE(DI . GT.15.,) GO 10 4e2
c DT<1S: COLLECT AMBIENT DATA
0151 LAMB2 TRUE &
01Se AMCNTRSAMCNTR+!L,
L GAS FRACTIIQONS
01583 00 417 J=1,2
— 01S4  CALL IPOXE(IADCSR,IADCGC(J))
01SS INT2IPEES(IADBUF)
— 0188 GASCNT(3,JI=FLOAT(IATILGSGN(J) - e e v — _
0157 PCTAMB(J)S(GASSLP(J)*GASCNT(3,J))+GSNTCP(J)
0158 411 CONMTINUE
0159 PCTAMR(3)=2100,0=PCTAMB(2)=PCTAMB(])
— 0160 IF(CAMAX \T_PCTAMB(2)) CAMAX=PCTAMAR(2)
¢ RATIO FACTORS
01e2 ONSUMSONSUMe(PCTAMB(LI/PCTAMB(3)) —_—— -
0163 CONSMSCONSY+(PCTAMR(2)/PCTAMALY))
Qisd PCISMaPCTISMePCTIAMA(Z]
C TEVP
0185 cALL IPAOKE(IADCSR,IADCGC(3)) _— _
0166 INTSIPEEK(IADRUF)
0187 TEMP( (L dBB8SAFLOAT(INT))=S 1/10,
c - PRESS
01468 CALL IPOKE(IADCSR,.IADCGC (L))
0169 INTZIPEEX(]ADBUF)
—03170  PRES((4 B8RSIFLOAT(INTI)e 002480, —
c
0171 SIPP=(223,15/(273,.15+TEMP)IRPRES/TIHO,
0172 STPS=STPS+STPP
L
0173 60 TO 40S
r - ——————— ———
C DT»1S, CWHECK NEXT PHASE
— 0374 422 CONIINUE . - . e e o e i s e e
0175 IF(DT,GT,22.,) GO TO 460
L Dlg22s AUG AVB]ENI DATIA: —_
‘2 C ZERN INTEGRATORS: THMEN IDLE ...
" oy 1F(NOT.AMB) GO IO WOS — - ——
10
C
9 01129 LAMB= FALSE, .. e e e e e e e
o

28




———EORTRAN VN N jat — FR] 28=MARaR(-0120S300 .
——— A ———— §TReSTAGLANCNIR

0181 ONRAT=ONSUM/AMCNTR
———04+82——————CONRTSCONSMLAMCNIR
0183 PCTCAYSPCTSM/AMCNTR
O FRLCAMANSRGTICAV I T )L ANG B TRUE
0186 IF(LAVG) TYPE 13,18L
—5 SURBONIAT
) CNR=CONRT
£~
0188 AMCNTR=20,
—189 -8 TRE840
0190 ONSUMZ0,
—_— G ONB NSy
0192 PCTSM20,9
— 9 CAMAK GG
c
s 1 ST 1. B 4 B T L ——
o

—_— - DT333, CHECK—LAST AMASE

0195 460 CONTINUE
— 0196 IE(DT, T, 004160 T0-062

0198 T=T+00,
LEL-T-1 MINZMINGL _
0200 GO TO 405
c
c DT<60.: COLLECT EXHALED DATA
——020— 4o 2 L EXMS TRUE
0202 EXCNTRZEXCNTR+1,
g gAs snu;rlrmq -
0203 DO 467 J=1,2
2204 CALL-IPOXKE(IADCSRLIADCGCLIN)
0205 INTSIPEEK(IADRUF)
— 0206 GASCNT(4,J)=FLOAT(INTI/GSGNLI)
0207 PCYEXH(J)Z(GASSLP(J)*GASCNT(4,J))+GSNTCP(J)
——D0208  us7 CONTINUE
0209 PCTEXH(3)=2100,0=PCTEXH(1)=PCTEXH(2)
£ ELQa
0210 CALL IPOKE("167770,1)
— M IVAL=IREEX("157774)
0212 CaLL IPOKE("™167770,0)
32;3 glﬂ“:CONS.ﬂf’VAl-l\ii :3
c
0214 02SUM3023UMe (STPeFL O ((ONRATAPCTEXM(3I)aPCTEXH (L)) w _01)
0215 CO2SM2CO2SV+ (STP*FLOAR(PCTEXH(2) =(CONRT#PCTEXH(3)))*,01)
C
0216 GO TO 40S
C
¢
042 U9S CONTINUE
12 n218 CALL IPOXE(IDRVBF,IVLVMD(S))
"
— 0349 TYPE 22,1PH§
0 9220 ACCEPT 1S,IPHS
9 0221 1PHS=21ONS
: 0222 G0 TO 92
[ ]

- »
N
L
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0223 S00 CONTINUE
c
Cn STOP CLOCK
0224 LALL 1POKE("122540,"000)
Ce
0235 IYPE 4D
0226 CALL IPOXE(IDRVBF,"00)
c
c
02212 SI0P _*9YE®
C
c
0228 12 FORMAT (X,°T0 GET INSTRUCTION, ‘.,
* ‘IYPE Y & RETUBN®,Z,X,
L] *TO PROCEED, TYPE N & RETURN *,8)
0229 13 FORMAT (A1)
[d
0230 14 FORMAT (X, //+%,*TEST LOAD MeRaMeS HAS 5 PHASES®,
2 12.5%.%]1 DATA CONSTANTIS=eALLOWS USER’,
" /+° MODIFICATION OF SELECTED DATA CONSTANTS?,
2 L.t (GAS GAINS,CAL=GAS X"S, FIC Y °*,
* /7+' OTHERWISE PROGRAM USES DEFAULT VALUES,’,
- [ *
* //,5%,°'3 CALIBRATE==DETERMINE SLOPES & INTERCEPTS®,
2 L, 5 _FQR DATA CURVES BY SAMPLING 2 CAL. GASES', e
» /7+3%X,'8 TESTeDATA==SAMPLES TEST=DATA CONTINUOSLY®,
& 4.* UNTIL USER TERMINATES®,
® 77+52,°'S TERMINATE=«RETURNS CONTROL TO MONITOR’,
s //,.3X,°VERIFY CAL GASES ARE QOPEN’,
* /,3%,°AND MASS SPEC 1S FUNCTIONAL®,
x LLLoJOXL*ENTER & R RETURN *,8)
C
0214 15 FORMAT (11)
C
0232 16 FORMAT (X, /010X, 'PHASE 2 INITIALIZATION®,//,
* 2%, "OATE 1 (MM/DD/ZYY) *,8)
c
0233 17 FORVAT (l12,x,12.%,12)
c
0234 18 FORMAT (2X,°'SUBJECT NAME ¢ *,8)
c
0235 19 FORMAT (1542)
r e—— e ——
0236 20 FORMAT (2x,°'TEST NO, *,8)
c
0237 22 FORMAT (X,/,5X,*END OF PWASE *,13,/,
& * ENTER NEw PHASE & ',8)
o

¢

Y 0238 24 FORMAT(X,//,10X,'PHASE 3 CALISRATION®)

30




l | EQRIRAN LN V02 tel  FRI_28aMARaRO_01:05309 | I

039 36 RORMAT(UX,*CTSat’ hX, 07822, QX L SLOREL,
. * TXo *INTCPT 'y /,2(3X,FB,2)02X,2(3X,F9,3))
i 0241 262 FORMAT(/,18%, °CARRON DIOXIDE’)
'
N2ue2 30 FORMAT(X,/77,10X,'PHASE 4 TEST=DATA?,
a VETIE FE TL IO
] /7,8%, ADVANCE PAGE AS DESIRED,’
» Ao S X+ LTHEN-REIYRAN Ly -
. /45X, *TERMINATE 4T ANY TIME®,
. 4oS%, 0 BY ENTERING $— & RETURN, . $)
c
[ ¢ [ : "
L 2(12,°7°),12,1S%,"TEST MODE: *,15A2)
e
02dd 40 FORMA? (Xs/77,10X,°END OF REAL=TIME TEST’,
3 Lo 5%+ CONTROL-REJYRNS T0 - SYS ., MONITOR, 7o
* //,S%,"8E SURE TO CLOSE CAL GASES’,
2 Lo SNt AND-RETYRA MASS-SREL-TO-STANDRYL)
c
0345 S0 FORAMAT(X, /4, 10X, RMASE | DATA CONSTANTSS,
" /¢SX,°'T0 LEAVE VALUE UNCHANGED, ENTER?,
A Lo S XN L RETURN, O CHANGE ENTER Y,
*  /,5%,°% RETURN, GET "NEwW VALUE"™ PROMPT,*
2 LeSANLRATER NER VALUE L RETURNS, £
o
02“. sa L] [ [ [ u'!'g!
c
peul SU FORMAT(IX,*NEw VALUE =°,%) —
c
QU8 83 FORMAT(FL 1)
C
—02uQ  Sb& FORMAT(SX,*IADCGC(*,11,%)= "°,0S,8)
C
0250 S7 EORMAT(0S)
C
0253 S8 FORMAT(SX, "CALRCI(?, 14, 9,°, 11,712, Fs,.2,8)
o

2

— 0253 60 FORMAT(4F6 . 2,2FU 1,405)

0254

62 FORVMAT(SY,*SET SCALE = 0= 5 2 *,8)

ol O

L+

XKl
-
n
[

0256 END

2
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——FORTRAN TV STORAGE MAR FOR OROGRAM UNIT MRNG
—lOCAL- NARTARLES,— RSECT SOATA, SI12E = 000636 207 w0RDS)
MNAME. IYRE . OFESET —NAME IYRE QFFSEY . NAME . TYRPE QFFSEY

AMCNTR Rt 4 n00332 CAMAX R4 000326 CONRT Rny 000S4s
—_—CONSM __Red 000349 L0O2SM Red 000323 DOMY _ Re4 0005314
o7 Red 000504 I I»2 0004Se IADBUF 1«2 000306
—lAOCSR-1 28— 000304 JANS __ Lal . 000484 I8 le3 000302
IDRVBF 1#2 000310 INO Lel 000277 INT In2 000474
—_—lRNs — Jag 00046 — ISR — Jag  _QO0O0MLGL4 - ISTR.___Le} 000300 ..
Iv Ie2 000520 IVAL Ie2 0005586 1vYs Le} 000276
J 122 000449 X 1
LEXM Ley 000S10 M In2 000462 ONRAT Rwruy 000542
—hSUN kel 000336 028UM __Red _ 000316 RCICAV R4 000582
PCTSM Rau 000526 sSTP Rey 000536 STPP Rey 0008532

——SIPS  Rad 000342 T . Red 000500 VALUE Red 000470

COvMON BLOCK /PLOTR /, SIZE = 000050 ( 20, wORDS)

NAME TYPE OFFSET NAME TYPE OFFSET NAME TYPE OFFSET

—LDATHE Lag = Q000000 _  MIN __Ix2 000004 Q2CON R4 000008
C02PD FRed 000012 RESO Rey 000016 TEMP Reyg 000022
PRES — Rsd 000026 EXCNTIR Red 000032 _LAVG__ Lsd_ 000038
FLOw Red 000042 ISCL Ie2 00004e

COMMON BLOCX /TIVME 7/, SIZE = 000004 ( 2. WORDS)

NAME TYPE OFFSET NAME TYPE OFFSET NAME TYPE OFFSET
SEC R4 000000

———LOCAL AND COVMON ARBAYSSe

NAME 1YPE  SECTION OFFSEYl eseseeSllfesese OIMENSIONS
CALPCT Re4 VEC SODATA 000102 000020 ¢ 8.) (2+2)
— GASCNTY Red vEC SDATA 000202 000040 (  1&8,.) (4,2) -

GASSLP R4 $0ATA 000152 000010 ( 4.) (2)
——GASSUM Rsd  SDATA 000242 000010 ( 4.3 (2)
GSGN R4 SOATA 000172 000010 ( 4.) (2)
GSNICP Red $DATA 0001462 000010 ¢ 4.3 () —_—
1ADCGC 12 $OATA 000264 000012 ( 5.) (5)
IDAT 12  $DATA 000000 000006 ( 3,143}
IMOD  Ie2 $SDATA 000044 000036 ¢  15.,) (15)
INAM 122 SDATA 000006 000036 ( 1S.) (1S)
IVLVMD w2 SOATA 000252 000012 ( 5.) (S)
— _2CTAvE Peu  §DATA_ 000122 000014 ( 6.} (3) —_
PCTEXN R4 $NATA 000136 000014 ( 6.) (3)

SUBROUTINES, FUNCTIONS, STATEMENT AND PROCESSOR=DEFINED FONCTIDNSt

NAME TYPE NAME TYPE NAME TYPE NAME TYPE NAME TYPE
2

ITTINR Je2 PLOY Red TICK Rey

' 32
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| FORTRAN IV Vo2.1-1 FR] 28eMAR=80 00:4015S
0001 SUBROUTINE T1CK(ID) - -
0002 :' COMMON/TIVE/SEC
0003 : SECESEC+!. B
0004 RETURN
9y S—r -

12
"
10

- s B 6 v

33




l FORTRAN 1V STORAGE #4P FOR PRNGRAM UNIT TICK
LOCAL VARTABLES, .PSECT $DATA, SIZ2E = 000002 ( 1. #wORNS)
NAME TYPE OFFSET NAME TYPE OFFSET NAME TYPE OFFSET
10 122 3 050000 -
COMMON BLOCK /TIME /, SIZE = 000004 ( 2. WORDS)
NAME TYPE OFFSETY NAME TYPE OFFSETY NAME TYPE OFFSET

— 8EC — _Rau 000000

~

[ ]

w -




I FIRTRAN lv V02,1el MO 31emaReAD 108113844

0001 SURRGUTINE ALOT
L
50Q2 LOGICAL LNATHD,LAVG
—_—0 e UG ISALAL-ISCAL IR TN, 1IN, 1L 13 TRLLT
¢
—_—0 0 DIMENSION-ISCAL(S6 ) SCALLI)— —
C
8008 LOMUOALAL0IRLLDATMD WL, 03C0N,COSRD,
* RESI, TEMP,PRESS EXCNTR,LAVG,FLOW, ISCL
£L
000s OATA IPL/1Me/,IVMN/iRmey/,IRL/ZIN /
—_—00nr o JATA I1044MO4,IC4IMCL, 18T/ M/
0008 DATA OXYPR/0,0/,C02PR/0,0/7,RSQPR/0,0/
ARNG “ATA GPAu&A'Aflﬂn'nl
C
L —BRINT COL-—TIILES_ONCE
23010 IF(,NOT LDATHD) RO TO A
00412 G010 (10,300) ISCL- ——
0013 10 TYPE 11
N4 0 10 4
0018 100 TYPE 101
Id S$0-I0 4 — e —— e ——
J01e 4 JONTIVUE
0012 RMINZQ .0 _— - — — ———
o
Ia g1 SCALE L1.5.3Y BRUTE FORCE
poi18 20 S 121,54
0019 S ISCALLII=IVN -
020 J0 &6 I1®1,51,10
0021 6 1SCALLII=IBL e S
c
20022 8 CONMTILUE
J023 I0T1S=2(0CNNeSCAL(ISCL)) .S
0024 JCRIEIX(ADIS) e} _— ———
C
2028 CD1S2tC02PDeSCALLISCLIYS,S
p0ee JC3IFIX(CDIS)1
L
0027 1Sv1z]1SCAL(JOD)
— 308 o ISuxlSCALLIC) —
0nee 1SCAL(JO)=ID
—3030 _I1SCAL(JCI=IC ... - - —— -
C
noly ﬁuz.migi_mx 18SCAL (1)) =18Y
¢
0033 16L0=x18L e e e e
3034 IF(LAVAY IGD=IST
0036 1YPE 20, MIN,TENP, PRESS,FLOL,Q2CON,CORPDLRES e —— o0 . o
*  JGD,CISCAL(J) JZ1,56),EXCNTR
0032 1SCAL(JOI=ISVY -
2 0034 ISCAL(JC 218V
" r - o . I
1 0039 xr(L-vr) G0 10 9
: A0Ly RATNRATNGL L0 - - S -
b
[ 3
e o
l; 35
s e L - 3 B




-l e it i i S S g it « P -

! FORTRAN IV vo,1e1 MGN 31-van-eo xo:xs:aa

0042 1vaQ=oxvaq’nacoM
e S LGB B LI AR R L QRRN
2044 R8IFARRSIPR+RESO
L
0045 IF(RMINGLT 15,0) RETURN
— O QNN ANGSOX YRR LAMIN. —
0048 C0AVGECORPR/RNVMIN
D A s e E—_— 4 n g oL 2o WY S T N
o
-3-0580- LULT-V- Y. - —— -
0084 co2prs0,
— R 38QRREH, —_——
00s3 R¥INZQ,
-5
0054 TYPE 30,2XYAVG,C02AVG,RSQAVG
¥ ol
00SS 9 CONTINUE
—— 05— — L ANG LA S - ]
6057 RETURN
¥ od
0058 11 FORMAT(/,1X,°MIN T(CG) P(™G) F(L/™M) 02=CON°’,

A L (0= 558‘4~ SHrl0elyAXrlty v BXet2 ¢l p— — —
* AXy 3, 0fX,d,"sBK,*5.°,7X,*"S¥PLS")

—_ yd - e e
00S9 101 FORMAT(/,1x,*MIN T(CG) P(MG) F(L/VY 02=CON’,
—A—————————4HHhJmL——388-0—¢S¥¢-4-—+4x4—-4—41* L 1L
BX " o3 B, " U AX,*.5%,7TX,°8VPLS*)
45 -
0060 20 FORMAT(2xX,12,3(1X,FS, 1), X,3(2X,Fo,3),4X,141,
& Saldl.dX . ES 0,4) e e e e
C
806 I FJRXAI(SX, *1SaMIn_ AVEQAGES ° . 3(2X,.F6.3),4)
C
£ —_—
J0ee END
12
1t
0 T
]
. -
?
[ }
s
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‘ FORTRAN IV STORAGE MAP FOR PROGRAM UMIT PLOT

LOCAL vAKI&RLES, .PSECT $DATA, SIZE = 000210 ( 68, wORDS)

NAWE TYPE ONFFSET NAVE TYPE OFFSET NAME TYPE OFFSETY
— CDIS  Rad4  QQQMue . CO2AVG Ra4 000166 (CQ2PR Rsd.. 000112
1 Is2 000138 IRL Ll oonio2 1C L+t 000104
16D Lxi 000130 IMA, Lal 000101 10 Le} 000103
IPL Ll 000100 IS8T Ll ¢n~108 I1svy 122 000154
Sy 1*2 80CiSA ] 182 1001l 1C A\ g > OMJFL
- Jo I*2 000144 oD1s Red 000140 OXYAVG R»y 000162
—0xyPR B4 00010  BNMIN  Red 000132 . RSQAVG Rsd 000172
RSGPR FW=#d 000116
—LOoMwON BLQCK #PLATR /, STZE = 000050 ( 20, wQRDS)
— _NAME __TYPE QFFSET  NAME  IYPE OFFSET -.AME _ TYPE QFFSET
LOATHD L»u 000900 MIN Ix? 000004 g2ee™ R=xl 000006
—LCQOPDRau Q000312  RESQ . Red Q000034  TEMP Red 000022
PRESS FR»d 000026 EXCNTR R4 000032 LAVG L»d 000036
S‘L_ﬁm 224 Q000842 ;gm ﬁY-) N000ies
LOCAL _AND Q-'wwmj ARRAYS: P
e NAME  JYPE  SECTIQN OFFSEY weemresaS]llfewee= DIMENSIONS .
ISCalL L} §0ATA 000000 000070 ( 28.) (5¢)
SCAL Exld $OATA a00070 000030 ( 4.3 (2)
— SUBROUTINES, FUNCTIONS, STAIEMENT ANMD PROCESSOR-DEFINED FUMCTIONS: -
NAME IYPE NAYE TYPE NAME TYPE NAME _ IYPE NAME ___TYPE R
IFIxX Ixp
12
11
10
9 ’
. — —
,
[
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FORTRAN IV V02,1=1 FR] 2A8=MARSARN 00339:53

0001 FUNCTION CONRCD(IVAL,NND)
C
0002 13CDalvaL
0003 JONES{IBCO, AN NO000E T ——— S
0004 11=]10NE
f ol -
000S IRCD=18CO0/16
——5006 FFENSL{TACH-AND 10000423
0007 1102ITEN®10
0008 18C0=218CD/16
— 8309 [HUNS{IBCD ANDR00004T)—
0010 110, -THUN®100
L
0011 18CO=13C0/16
0042 ITOuSE +7)
0013 110002ITOU*1000
L
0014 ITOT=2(11000+41100¢110¢11)
—— S DECEIGeaaNDO———
c
— 0016 CONRCHERLOAT(ITOTILDEC - —
c
— B0\ RETUAN N
0018 END

t

2
1
[
s
L]
?
[}
-]
4
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i FORTRAN IV STORAGE MAP F(OR PROGRAM UNIT CONRCD

LOCAL VARIA3LES, PSECT $NATA, SIZE = 000040 ¢  16. WORNS)

NAME  TYPE OFFSET MAME  TYPE OFFSET NAME  TYPE OFFSET

— COMBCD Rad 000004 EQU DEC  Red _ 000034 IBCD _ Ix2 000030
INUN  I+2 000022 IOME  Ix2 000012 ITEN I«2 000016
110 Ix2 000032 1100 1z2 0400028 IVAL 122 3 000000
I 1+2 000014 110 I1#=2 000020 1100 I*2 000024
11000 12 0000380 MDD Jzx2 & Q000002

———SJUBROUTINES, FUNCTIONS, STAYEMENT AND PROCESSOReDEFINED FUNCTIJIONSS

NAME IXPE  NAME IYPE NAME  TYPE = NAME___ IYPE NAME IYeg_
FLOATY Red

w & A2 R B0

|
i
(2
WO
!
|
|
|
|
|
t
|
|
|
|
!
F
PRI o

_— s !




w b, 9D

RT=11 LIk v0R_ 248 LAAL - ap MM JlemAN~KA 10215830
EAVIWNE  SAV TLILEe hwuug JDENTE  FORVOQD
SECTICN  ADDR S12E GLORAL  VALUE GLOBAL  VALUE GLORAL VALUE
. ARS, 000000 001000 (Rw,1,GAL,ARS,OVR) -
SRF241 000000 LVIR 000000 SUSRS# 000001
SNLCHMN 000006  SHRNDAR 000006 $SYSVS 000011
$WNASIZ 000152 SLRECL 000210 STRACE 004737
NTSsl 001000 021744 (Rn,e1,LCL,REL,CON)
$$S0TSI 001000 ADFSIM 001000 ADFSPM 001006
ADFSMM 001012 ADFSSM 001022 _SUFSIM 001042
SUFSSM 001050 SUF$SPM 001100 SUFSWM 001104
$CVTFH 001134  SCVTFI 001134 SCVICA 0013150
SCVTICI 001150 SCVTDB 001150 SCVTIDI 001180
cICS 001162 CINS 001162 CLCS 001162
CLDS 001162 DI 001162 CIFS$ 001172
CLFS 001172 $R1 001172 CILS 001300
CLIS 001304 SCVTIF 001306 SCVTIC 001322
SCVTIN 001322 CCIs 001334 CDIS 001314
$IC 001334 SID 001334 CFIS 001350
TR n01350 RCIS 001434  GCOS 002450
FCC$ nh2dse ECOS 002uee DCOS n02470
DIFSPS 003412 DIF$MS 003416 NIFSIS 003430
SDIVF 003436 OIF$SS 003450 $DVR 003us0o
DIISPS 003454 DNITEMS 003462 DITSIS 003uss
DIISSS 003470 $OVI 003470 MUISPS 003512
MUT$MS 003520 MUISIS 003524 MUI$SS 003526
suLT 003526 SOTI 003574 $SOTI 003576
$SSET 005456 SXF] 005752 XF1§$ N0ST6d
TPwR] Ne5764 I0RS 006242 ANDS I
ECVE 00K254  XORS 006256 OCIS 006272
ICTs 006300 SECT 006314 0COS 006474
1¢o* 00nS02 SCHMKER 006700 SIOEXI 006724
SEOL 006752 EOLE 006754 VOF$IS no7orn o
MOF$0S 007076 MOFSSM 007104 MOFSSP 007114 .
ADT$SS 007120 ADISSA 007t12u ADISSM 007130
ADISIS 007134 ADISIA 007140 ADISIM 007144
ADIS¥S 007150 ADISMA 007154 ANISMM 007160
1FRS 007164 SIFR 007170 $SIFR 007174
IFRYS NoT226 -1Fad 007050 S1Fw N FLY]
SSIF s 007260 IFASS 007%16  MOISSS 007366
VOLTSS 007366 MOI$S™ 007372 “0I$SA 00737+ T
MOTSIS 007402 MOLSIS 0074302 RELS 007402
“DISI» 007406 MOISIA 007d12 MOISVS 007416
MOT&MM 007422 MOISMA 007426  MOTSOS 007432 L
vOISOM 007436 MOISOA  NOT4W2 VMOISIS 0074ue
MOIS1Y 007454 MOISIA 007462 M“OISIP 007470 =
MOISSP 007472 MOLISPP 007500 ~MOISMP 007504
MOTEPS 007514  MOISPM 007522 MOISPA 007530
“OI$0P 007536 MOISIP 007544 ISNS 007554
$ISNTR 007560 LSNS 007574 SLSNTR 007600
$0STMI 007734 $0ST™ 007740 RETSL 011056
RETSF 011062 RETSY 011070 RETS 011072
$STPS 011126 STPS 011134  S$STP 011134
FOOS 011140  SEXIT 011160 SOTIS 011304
$$OTIS 011306 TVLS 011426 STVL 011426
TVFS 011434 STVF 011434 TVDS 011442
$TVD N11442 TvGeS$ 011450 $TVQ 011480
TVPS 011456 STVP ~~ 0114Se& TVIS  Olldes =~
$TV1 011464 MUFEPS 011820 MUFSvVS 011624
LY VUFSIS 011636 SMULF  01164d  VUFSSS 011665k




Y

SULR VLleSe  SCLOSE (011662 SERRTR (012326
:
IERmS H12d43%  RFCrML 216126 SFIN 01RT82
$3FIND 01m76a SGETFI O0fQ1le  SINITI 020154
SSOPCL 020266 SRSSERR  (0204N0 $%8DIS 020422
SPUTRE 020520 IRRS 021026 $1IRR 0e1032
IRnY 021056 S$IRw 021062 SGETIN 02143%s
$SETIN (Q2)1uSd4 DEFS 021562 SDEF 021566
sPUTEL 021656 SGETBL 022066 SEOFIL 022252
SEOFQ 0222606 SAVRGE 022306 THRDS Ne2umd
SWALT 02240b SVRINT 022530 SDUMPL 022532
SAVRUS 022660
0TSSP 022744 00008590 (Rw,D,GRL,REL,OVR)
SYS$] 023014 009180 (R, I,LCL,REL,CON) o L
INTSET 023014 [PEEK 023216 IPOKE 023226
JTTINR 023236  SCMPLT 02324e
USERE] 0233ed N0QOOOQ (Rw,1,LCL,REL,CON)
$COCE 0233604 013420 (Rw,l,LCL,REL,CON) —
$$0TSC 023364 TICK 034506 PLOT 034832
CONBCD 0364734
07580 037004 001040 (Rns IoLCL,REL,CON)
£$0TSO 037004  BOPEN 037004
SYSS$D 040044 009366 (R ToLCLLREL,CON)
EDATAP  0d0ul2 004224 (Rw,N,LCL,REL,CON) e
oTS3D fddaSe 000052 (Re,CoLCL,RFL,CON)
01S#S Q4u73n  0Qnone (Rayp DpLCL,REL,CON) L
£40TS 044730
SYS$S 044732 000066 (RnsD,LCL,REL,CON)
$SYSLEB 045014 $LOCK nuS01e $CRASH 0USO01Y
tDATA 045020 001110 (RnoD,LCL,REL,CON)
JSERSD Qw6130 900000 (Rr , Do LCL,REL,CON)
LESE8E . NUel3X 000000 (Fv., 0o GRL,REL ,OVR) N L
PLOTR 0dsl130 0900%0 (Fv 4 0,GRL,REL,OVR)
TIvtE Vds20nN  nNNNQNy (R oDy GRL,REL,OVR)
Q4s20d  NdY2L0 (P, loLCL.REL,CON)
SGETRE 04n204  STTYIN 0ue60 L
TRANSFER ADDRESS = 023364, HIGH LIMIT = 046414 = 9Rb2, WORDS
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-

T-11 LINK VO05.04A
ENVIRE.SAV Title!

Section Addr Size

+ ABS: 000000 001000

0rssl 001000 021744

42

Load Mar
MRMS

Globdal

Ident?

Value

Morn 31-Mar-80 102:15:30

FORVO2
Global

(RWsIsGBLYARSYOVR)

$RF2A1

000000

+VIR

SNLCHN 000006 $HRDWR

$WASIZ

000152

$LRECL

(RWsIsLCLYREL»CON)

$80TSI
ADF $ MM
SUF$SM
$CVTFR
$CVTCI
CICs
cLDs
CLFs
CLIs
$CVTID
$1C
$IR
FCOs
DIF$FS
$DIVF
DIISFS
DII$SS
MUISNS

T OSMLI

$$SET
$PWRI
EQVs
ICIs
ICOs
$EOL
MOF $0S
ADIS$SS
ADISIS
ADI$NS
IFRS
IFRs$
$SIFW
MOL $SS
MOISIS
MOISIN
MOIsMM
MOTI$ON
MOIS1INM
MOISEP
MOI$FS
HOISOF
$ISNTR
$0STMI
RETSF
$STFS
FOoos
$$0TIS
TVUFs
$TVD
TVUF$
$TVI
MUF$IS
$MLR
$ERRS

o armwm

001000
001012
001050
001134
001150
001162
001162
001172
001304
001322
001334
001350
002456
003412
003436
003454
003470
003520
003526
005456
005764
006254
006300
006502
006752
007076
007120
007134
007150
007164
007226
007260
007364
007402
007406
007422
007436
007454
007472
007514
007536
007560
007734
011062
011126
011140
011306
011434
011442
011456
011464
011636
011656
012433

ADFSINM
ADF$SN
SUF$PM
$CVTFI
$CVTIDR
cIDs
sDI -
$R1
$CVTIF
CCls
$ID
RCIs
ECOs
DIF$MS
DIF$SS
DIISNS
sOVI
MUISIS
$0TI
$XFI
IOkRS
XOR$
$ECI
$CHKER
FOLS
MOF $SM
AlII$SA
ADISIA
ALI$MA
$IFR
IFUs
IFUuss
MOISSHM
MOLS$IS
MOISIA
MOI $MA
MOI$0A
MOIS$IA
MOISFF
MOISFNM
MOIS1F
LSNS
$0STHN
RETs1
STFPS
SEXIT
TVLS
$TVUF
TVas
sTVP
MUF$PS
$MULF
$CLOSE
$FCHNL

amprre

Value

000000
000006
000210

001000
001022
001100
001134
001150
001162
001162
001172
001306
001334
001334
001434
002462
003416
003450
003462
003470
003524
003574
005752
006242
006256
006314
006700
006754
007104
007124
007140
007154
007170
007250
007316
007372
007402
007412
007426
007442
007462
007500
007522
007544
007574
007740
011070
011134
011160
011424
011434
011450
011456
011620
011644
0114662
016126

AmAe o,

Globasl

SUSRSUW
$SYSVs
$TRACE

ADFSPM
SUFS$IM
SUF $MM
$CVTCB
$CVTDI
CLCs
CIFs
CiLs
$CVTIC
CDIs
CFIs
GCOos
ncos
DIF$IS
$DVR
DIISIS
MUISPS
MUIS$SS
$¢0TI
XF1s
ANDS
OCIs
0cos
$I0EXI
MOF$1S
HOF$SP
ADISSH
ADISIN
ADI S MM
$$IFR
$IFV
MOIs$SS
MOIsSA
RELS
MOI$MS
MOI$0S
MOI$1S
MOISIP
MOCISHFP
MOISPA

ISNS
$LSNTR

RETSL
RETs
$STFP
$0TIS
$TVUL
VDS
$TVQ
TVIS
NUF $MS
MUF$SS
$ERRTE
$F10

P YR X X4

Value

000001
000011
¢04737

001006
001042
001104
001150
001150
001162
001172
001300
001322
001334
001350
002450
002470
003430
003450
003446
003512
003526
003576
005764
006246
006272
006474
006724
007070
007114
007130
007144
007140
007174
007254
007366
007375
007402
007416
007432
007446
007470
007504
007530
007554
007600
011056
011072
011134
011304
011426
011442
011450
011464
011624
011656
012326
016762

AMmAcrra



sriv Vio/66 LEIFPL  VLVLILO  PUINLIL  VEVLID4
$30FPCL 020266 S$$SERR 020400 $$$DIS 020422
$FUTRE 020520 IRR$ 021026 $IRR 021032
IRWS 021056 $IRW 021062 SGETIN 021436
$SETIN 021454 LEFS 021562 $DEF 021566
SFUTRL 021656 S$GETRL 022064 SEOFIL 022252
$EO0F2 022266 SAVRGS 022306 THRDS 0224464
SWAIT 022466 SVRINT 022530 $DUMPL 022532
SAVRAS 022660
OTSsP 022744 0000350 (RW»DsGBLYREL»OVR)
SYSs$I 023014 000350 (RW»IsLCL/,REL,CON)
INTSET 023014 IFEEKN 023216 IPOKE 023226
ITTINR 023236 S$CNPLT 023244
USER$I 023364 000000 (RWrI+LCLYREL»CON)
$CODE 023364 013420 (RWr»I+LCLYRELCON)
$80TSC 023364 TICK 034506 PLOT 034532
CONBRCD 0346434
UTs$0 037004 001040 (RWyI+LCL,RELYCON)
o $$0TSO 037004 SOPEN 037004
SYS$0 040044 000366 (RWsI+LCL/RELYCON)
$DATAF 040432 004224 (RW+DyLCL+REL»CON)
0TSsD 0446356 000052 (RWsD+LCLYRELsCON)
0TSss 044730 000002 (RWsD2LCL »REL »CON)
$A0TS 044730
SYS$S 044732 0000486 (RWsD¢LCLREL»CON)
$SYSLR 045014 $LOCK 045016 $CRASH 045017
$0ATA 045020 001110 (RW»Dy LCL»REL»CON)
USERSD 046130 000000 (RW,D»LCL/REL»CON)
8888, 046130 000000 (RW+DvGELsREL »OVR)
PLOTR 044130 0000350 (RW»D»GEL »REL yOVR)
TIME 046200 000004 (RWsD»GRBRL »REL »OVR)
046204 000210 (RW,»I»LCLYREL,CON)
$GETRE 046204 S$TTYIN 0446240

Transfer address = 023364y Hish limit = 044414 = 9842. words
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APPENDTX F
CALIBRATION AND VERIFICATION




Verification and calibration was done utilizing an alcohol lamp in a
vented chamber. The chamber was connected in place of the breathing

mask.

Net alcohol weight loss 20.10 grams
Given that 1 gram of alcohol combines with 1.459 litres 02,

Net Oz consumed 29.326 litres

Time Duration 63 minutes

Net rate of 02 consumption A0=.4655 litres/min.

Average experimental value obtained AQ=.4567 litres/min.
1.9% error

.6667
.6502

Given that Rq known

average Rq observed

2.4% error
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