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FOCAL -

IDEAL GAS PLOT P/V

ABSTRACT:

The experimental plot of pressure vs volume for any real gas
sample yields data which do not fall on a straight line.

Since there are typically too few data to get a good idea of
the indicated curve, some assistance (or insight) is required.

This FOCAL program plots the relationship of an inverse
proportionality and simultaneously plots the reciprocal of
this relationship. Depending upon the input parameters,
plotting can be varied to examine different portions of the
inverse proportionality curve. In each instance, the reciprocal
of this relationship plots as a stright line, whose slope

can be varied to facilitate display and interpretation.

The program will label the axes, whether or not the data start
from zero on the pressure scale. Since group 1 serves no use-
ful purpose other than to convey a suscinct set of rules for
using the program, it can be erased at any time to facilitate
reentry into the operational program.

There has been no attempt made to ''rig" the program to realis-
tically handle experimental data since the intent was to be able
to play with the input parameters intuitively in the search

for insight and understanding.

The obvious experimental conclusion would be to plot pressure
vs the reciprocal of the experimental volume. If this were to
vield a straight line (which is easier to determine since there
is only one kind) then the original data must have been inver-
sely proportional, and BOYLE'S LAW is corroborated. The
manipulation is necessary since there are at least a large
number of curves which might be argued from the limited data.
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C-FOCAL » 8768

D101 T "IDEAL GAS IN QUADRANT ONE",!

P1.82 T "PLOT OF PRESSURE VS VOLUME'" !

¥1.33 T "GIVE POSITIVE VALUES FOR:",!

D104 T " LOWEST PRESSURE"!'" INCREMENT"!'" HI PRESSURE'!
P1.05 T ™ K IN PV=K",!," SLOPE OF RECIPROCAL PLOT",!
71.36 C ARBITRARY VALUES AND UNITS USED FOR PARAMETERS
D1«19 C ERASE 1 LEAVES ESSENTIALS OF PROGRAM

P2+02 A ?LPRESS»IPRESS»UPRESSsKsSLOPE?,!
D204 1 (LP)10356e01s2.06

N2 +06 DO 83F P=2,IPsLP3T ":'!

6«81 F P=LP,IP>UP3DO 7

DTe31 I (P)T7e1257e¢155792
U702 T "2, #

G735 F V=0 (K/PI)ST ' "

7«8 T k', #

A7T«11 F V=0, (P/K)*SLOPEST ' "
D714 T "0"5!;R

D715 DO 83R

bW83e.@1 T ' Vo #

“8.ng T !HPII!IIR"!HEH!llsn!nsu!nUH!uRu!nEiI!!uAn!uxn!"In!HS"!!

08.03 T "===VULUME AXIS========DATUM OUT THERE SOMEWHERE====(%)"!;R
*@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
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IDEAL GAS IN CUADRANT ONE
FLOT OF PRESSURE VS VULUME
GIVE POSITIVE VALUES FOUR:
LUWEST PRESSURE
INCREMENT
HI PRESSURE
K IN PVU=K
SLOPE OF RECIPROCAL PLOUT
LPRESS,:10 IPRESSs:1 UPRESS,»:199 K, :700 SLOPE: 400
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*GO
IDEAL GAS IN QUADRANT ONE
PLOT OF PRESSURE VS VOLUME
GIVE POSITIVE VALUES FOR:
LOWEST PRESSURE
INCREMENT
HI PRESSURE
K IN PV=K
SLOPE OF RECIPROCAL PLOT
LPRESS, : & IPRESS,: 1 UPRESS,: 2% K,: 7% SLOPE:

H>X> HYCwwnE=-ry

===VOLUME AXIS========DATUM OUT THERE SOMEWHERE ====(*)
0] *
0 *

* %k k Xk
(@]

COMMENT * IS PLOT OF P VS V
COMMENT O IS PLOT OF 1/P VS V

COMMENT IF THE O'S PLOT A STRAIGHT LINE, THE *'S DESCRIBE
AN INVERSE PROPORTIONALITY.
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*GO
IDEAL GAS IN QUADRANT ONE
PLOT OF PRESSURE VS VOLUME
GIVE POSITIVE VALUES FOR:
LOWEST PRESSURE
INCREMENT
HI PRESSURE
K IN PV=K
SLOPE OF RECIPROCAL PLOT
LPRESS, : ¢ IPRESS, :1 UPRESS, : 3¢

NH>> Hocwuigomyg

K,:7¢

SLOPE: 7¢

===VOLUME AXIS========DATUM OUT THERE SOMEWHERE====(*)
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LPRESS,: : ‘
LE SS,:14 IPRESS,:35 UPRESS, :?01.0¢ @ g2.¢go

LFRESS,:1¢  IPRESS,:1  UPRESS,:35 K,:50%  SLOPE: 9¢
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LPRESS, :5 IPRESS,:1 UPRESS, : 4 K, : 600 SLOPE: 3g¢
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FOCAL -
IDEAL GAS VOLUME VS TEMPERATURE

This FOCAL program explores the CHARLES LAW relationship
for an ideal gas. On the presumption that the gasw will
change by 1/273.16 of its volume at 0°C. for each 1°C.
change in temperature, a gas volume is input ‘and the tem-
perature increment by which the sample will be reduced in
temperature. The program will plot volume and temperature
until it senses a negative volume. Since negative volume
has no physical meaning, the temperature associated with
it probably doesn't either, and the last temperature must
be within the temperature increment of an absolute zero
temperature. Provision is made to input a low temperature
limit for the plot to add an element of discovery to the
proceedings by enabling a realistic search for the zero
volume intercept.

The initial volume is scaled to fit the TTY page, but the
data table printed on each line gives the actual values of
temperature and volume. Overprinting the data table is
intentional to give maximum plotting space since the search
for the intercept within 0.19C. will yield a display about
12 yards long (and require about 4 hours on the PDP-8/S).
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C=FuoalL » /68

416032 T "IDAAL GAS VOLUME VS TEMNPERA TURE™!

T "IREEP RE0ICE) STARTING AT 0 DEC. Co'"!

T "GIVE OSTTIVE VALUES FoOms'™!

Gleiitt T ' o WOLik AT & Ce 1 ARBELITRARY UNITS™!
Al et 0" NFTite PFi?e INCREMENT'™!

dlel2 0" Lot Tai?e LIMIT OUF PLOT™!

114 § KRASE 1 WlLL RETAIN ESSENTIAL PRUGRAM

G T=3A “"INITIAL VOL"»IVs"TEMP INCR",IT,"LOW LIFIT">LT

T ""sC Sl LINE

T PUTUrTET R A e e et 35 QUs=IVID0 609

5 oy=68sE MEGs1T-LT3DO 6

I (DU)2e1252e073T "THIS IS NOT WITHIN TEMP INCR OF ABS ZEROQ"3Q
T

T

YSINCHE NEG VOLUME HAS NO PHYSICAL MEANING, TEMPERATURES'™!
"RELATED TO THESE WOULD HAVE NO PHYSICAL MEANING, AND OUR'™!

SERE
G215 T "ZERKO VOLRE INTERCEPT MUST BE WITHIN THE TEMP INCREMENT'!
02.11 T "OF AN ABSOLUTE ZERO TEMPERATURE"!;3Q

[ (GU)2eid3s2e0Bs6e04

Wt Z4ed]l Ta"™ Ce V" slUs#

K=oV " " ,

CUX)NS VsU=LTORIT/273.161)

W6 e GV=0V=LIVkIT/273.1613S T=T-1T3R

6 eitS o I WILL PLOUT INITIAL VOLUME AT FULL SCALE - = ='"!
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FOCAL -
REAL GAS VOLUME VS TEMPERATURE

This FOCAL program accepts experimental sets of volume and
temperature information, performs a LEAST SQUARES REGRESSION
FIT to a straight line, and extrpolates and plots this line
to a zero volume intercept. The temperature associated with
the last positive volume as temperature is reduced is com-
pared with the accepted value for absolute zero, and the
percentage deviation typed out. The least squares regression
program is also listed separately.

The magnitude of the extrapolation indicates that high

percentages of deviation are to be expected from limited
input data.
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Ml ei2 T "REAL GAS VOLUNME VS TENMPERATURE'™!

Mletdd T "TEMP RENDUCED STARTING AT DATA AVERGs TEMP'™!

Ml et T "GIVE NOe OF SETS OF 'T'" AND 'V' DATA'"!

dlell1 T 7 FACH ODATUM TEMP (Ge'!

dlel 4 I FACH DATHM VOLUME IN ARBITRARY UNITS"™!

117 T " TEMP INCR FOR PLOT AND TABLE'!

“lels T "'GO' AGAIN"!!E 1

W2eudl I "'CHARLES LAW' PLOT OF EXPe. DATA TO DETERM ARS. ZEKQ'"!
232 S5 SX=03S SY=013S $Z=03S SMm=n

A2.05 A ""NUNMBER OF DATIM POINTS"sNs»"PLOT INCR",»IT»!

B2eU8 F K=1aN3A "T"oXs"V'sYs!35D 3.92

M2e11l G 3095

A3eM2 5 SA=SX+XK3S SY=SY+Y3S SZ=SZ+(X*Y)3S SM=SM+X12

13135 S M=[N*S57Z-SX*kSYI/IN*SM=-SX1213S B=(SY-M*xSX1/N

U3e200 [ "Ml B'"s3,!" EXP. PLOT IS: Vs s kxT+" 53,111
DAe)2 5 T=SX/N3S QV=SY/N3S MP=TA/(T+<B/M>)

Bheids T ""3C BELL LINE

Aoy T FUTHIIEM MRt e ngntt s N0 66935 V=65

D«11 F 7=0,L[T+<B/M>1/1T3D 6

1419 T "SINCE NECG VOLUMES HAVE NO PHYSICAL MEANINGs "!30G 4.2
420 T "NEITHER WOULD TEMPERATIHRES RELATED TO THEM"!3G 421
D421 T "AND OUR ZEROQ VOLUME INTERCEPT MUST BE "!'57% 40136 44292
422 T "WITHIN THE PLUT INCR OF AN ABSOLUTE ZERU "30G 4.23
D422 T "TEMPERATURE"!"WHICH 1 CALCULATE TO BE: s =B/M3D T30
HhefdS T "2, %S5el2 5" Co V "0V, #

d6e11 F K=@sVys3T " "

6l a T MOXIMY3S YsV-LIT*MPI3S GV=QV-LIT*M]

M6617 S T=T-1IT3R

B6.99 T " I WILL PLOT FIRST VOLUME AT FULL SCALE'!

D710 T " WITH "5 (LFABS(<B/M>=273.16)1/273.16)%1405 "% DEVIATION"! R
*HREEENBEIEARENERAEUINAENPREARARAERRREGRARRRPNANLPRVARERRERELEEREEBEE
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41«10 "CURVE FITTING BY LEAST SOUARE REGRESSION"s!!
Q125 T "W=NUMBER OF DATUMN POINTS',!
G133 T "X=ABSCIS5S8A, Y=ORDINATE" 5 !

—

43+180 5 5X=035 3Y=03S SM=03S SE=0;3S Al=0;3S A=Y
J3.200 A N?,15F K=1,5N3A ?2XsY2,13D 6

HAGLEG 5 ALSINASH=SX*SY)/INkSE-SX12 ]
videZiA S AGU=[SY-=AL *SX1/N

51 T Al ,AL," ADM AN, 11T, Yo Al " ®X+" 500,150

Thelin S5 SX=SX+X
MheRM & SY=S5Y+Y
e e 3 8 DMESHM+EXRY
H6e 45 S SE=SE+X12

QReREERARBEABRIRE
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