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Step-by-step solution
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(@)

Consider the general ideal gas equation,

Pressure of the gas is represented as P,
Volume of the gas is represented as V,

Number of molecules of gas is represented as n,
Universal gas constant is represented as R, and
Absolute temperature is represented as T.

Consider the following parameters.

1 =1mole
V=30L
R=8314kPa/mol-K
Tr=273K

Substitute 30 L for V, 1 mole for n, 8.314kPa/mol-K for R, and 273 K for T in equation (1).
F[SD}={]]{8.3]4][2?3]

p— 2,269,722
30
P=7566kPa
Comment
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Write the MATLAB code to calculate pressure using ideal gas equation.
n="1;

R = 8.314;

Temp = 273;

Vol = 30;

P_ideal = (n * R * Temp) ./ Vol

Comment
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The output after executing the MATLAB code is,
P_ideal =
75.6574

Thus, the pressure of the gas according to the ideal gas law is |[75.66 kPa|.

Comment
Step40of 8
(b)
The van der Walls equation is represented as,
nRT  w'a
P= —— e (2)
V—nb V

Here,

Pressure of the gas is represented as P,

Volume of the gas is represented as V,

Number of molecules of gas is represented as n,

Universal gas constant is represented as R,

Absolute temperature is represented as T,

Measure of attraction between molecules is represented as a, and
Volume of one mole of particles is represented as b.

Consider the following parameters.

n =1mole
=30L
R=8314kPa/mol-K
T=273K

a=0.369kPa-L
b =0.0427 L/ mol

Comment

Step 50f8

Substitute 30 L for V, 1 mole for n, 8.314kPa/mol-K for R, 0.369kPa-L fora, 0.0427 Lfrncrl
for b, and 273 K for T in equation (2).

~1(8.314)(273)  (1)7(0.369)
T30-(1)(0.0427)  (30)
= 75.76—0.0004

= 75.765

Type the following MATLAB code to calculate the pressure using Van der Walls equation.

n=1;

R = 8.314;

Temp = 273;

Vol = 30;

a = 0.396;

b =0.0427;

P_vander = ((n * R * Temp) ./ (Vol - n*b)) - (n*2*a./\ol.*2)
The output for the MATLAB code after execution is,
P_vander =

75.7648

Thus, pressure of the gas according to the van der Walls law is |75.765kPa].

Comment
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(€)

Type the following MATLAB code to plot pressure versus volume at constant temperature
according to ideal gas law and van der Walls equation.

a = 0.396;

b =0.0427;

n=1;

R = 8.314;

Temp = 273;

Vol1 = logspace(-1,2,100);

P_ideal = (n * R * Temp) ./ Vol1,

P_vander = ((n * R * Temp) ./ (Vol1 - n*b)) - (n*2*a./\VVol1.72);
loglog( P_ideal, Vol1, 'r--', 'LineWidth', 2 );
hold on;

loglog( P_vander, Vol1, 'b', 'LineWidth', 2 );
hold off;

legend('ldeal Gas','van der Waals');
title('"Pressure vs Volume');
xlabel('Pressure in kilo pascals');
ylabel('Volume in liters');

grid on;

Comment
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The output for the MATLAB code after execution is shown in Figure 1.

e T T T Y Y " " TMmMm T T Tyt I aa - -
e e - .
TILLLE s Mk d R s s s s M s e e R A A e e e e e | - Ideal Gas B
sssdssd dlkssssdesslsabasfsbdddlicssss fasslsak -
L] L] L] L UINL B | L] L] L]
L LY L T e e d w e
i L] L] L UL ] i L] ] ﬂn Ef aals
-y FIF s qesnsssaesqqyf=sssassasss 4
L] BPAE L] i " R odFRaAw L] i oW @R aEE L] a ¥ U I O ]
b e sssde s de ok A b FEssssAss e sk slc b addlssssde s sl sBole S AAAE s = s s she s sl s Bl §
L} L] i@ i a " I Ll i oW @R L a ¥ iR o@w
¥ W ®o® B EREEET W i N EEREEEL ] [ W
sesdessdsshfak sssissbafabdddisssadeasaiaabaladdddi xwolis s sl skl offdy
] [ ] W oW BN REER ] [ B EEEEL ] T EEE
] o W [ i i T i O T
] Wom om B EREEET ] i B EREERL ] B EREEE
i Wom W [ TR ] i T i O
1 W W@ ® W WOW BB B W ER W i B EEREERL W T EREE
1“ hhhhhhhhhhhhhhhhhhhhhhh - s sk sz dddissssdessissbolzsldddisssssiss i s b i b dad o
T TrTTTfTTTTfTTfMTSTMTSTMTSTMTSTMTSTSTSTTSTSMTTMTMMSMSMEMSMEMSMESTMTETSTNT—TTTTTTTT =
prsssdesdessEdebiiibssssAess s s ddafsss s As s s sBsls B A dd B S 5 e s shs s S S B S5 8 o
E - R e TTrTTTTTTTTTTrTT"TMTMTmTmTMTmTMTMTYTMTYTYTYTYT—
T sesdessdessbdablllbeeessdass Ma fabdddlssssdess'scbaasldddlsssnsassahshalblfdl
L] Ll B @ REAE L] L LI ] u L] R L] L] PR oW EEa
..t EEEpEERESEREFEFIFTFAIEEE S RE S HE @ FAjFESSsEREsRmiT S FpFRHE g FEEEsamy= S SFE S §F 5 F § 559
— ] Ll L ] L] L L] L v L] O ] i L] U T |
= _____ b Bl Tl e Sl B S el il o h I B s Tl el Sl B B T B Bl "l il Al . e T B
o i [ i [ A i i ioB bR i L T
srsdes s A s R s s s e e e e Ml T S T TTTTYTMTMTrrTTrr
= i @ @ @ EEAE i [ i i i@ b Rd i i@ @
E W B 8 B EEEE ¥ R W i B EEERL W B EREE
— pesssdssdessh fablllbsssnsdfosssnba=bddd seesdesssssha'sldddlssssasseale skl
B L] L] B F @ & W AW L] i L R AW L] i O @R EE L] L UL I O
(=] W " 8 B EEAE ¥ (BN EEET ] i TR ] T o
} L] Ll B @ REAE L] i BN EE L L] R B L] o8 o§ §wa
] B O® B B REAR ¥ [N EEET i i NIRRT ] T
u L] Ll i 0 REAE L] L L EED L] R L] L] P8 oW e
1“ ..... dessdssbdsblllbssssdesslscsbalsbdddicssss dii dssbalsldddissssolssslhs b s b i
T L T e T T L . T I T T T T T T T T T T I T™™™
rrrr desdescsh debiiibssssAessis s sl b ddade s s s de = T Tt T
e T T I T T i s o B
semdesesdessh fabllillsssesdeoasssahafabd Il ceeede o als sl dddloeesesseh kbbbl
] @ B @ b EwAE [ (RN ] i R ] @ W @ % oEa
AR T L L L R L R R R R T A R T R LA E R T T EEEIE R L E R S R R P R T EL LY
W [ MEEET 0 (R i i W BEEEN
L LR L e e e e L Tl A b a5 FEF T 5SS
] BO® B B REAR ¥ W@ BB R EER ] i ] O
mmmd e e SR e s w e e e w o
] [ R ¥ [ R ] i ] I
L] Ll i @ REaw L] L R L] L] L] L] oW oW oiwa
sesdessdessb dabllillscsssdasassabafabdddliccssdasalaalk Lababl Al
] Ll i oF @ REEE L] L O @ F WA ] L] ] L] PR oW e
W [ HNEEETL ¥ B R W i W @ W @ % &
L] L] B OF @& AEE L] 1 " @AW L] " L a ¥ U I ]
¥ w N EEEL ¥ W OW BN R EER W i ¥ B EREE
. | W [ | " - ] i ] oW Wi
1“ ik pd
10’ 10° 10° 10° 10°

Pressure in kilo pascals

Figure 1
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From Figure 1, the pressure of real gas is higher than the pressure of ideal gas at same
temperature.

Thus, the MATLAB code to plot pressure versus volume at constant temperature according to
ideal gas law and van der Walls equation is written and verified.
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