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Chapter 1

THERMOMETRY

Scilab code Exa 1.1 Temperature

1 clc

2 clear

3 // Input data
4 C=6500; // Temperature o f the s u r f a c e o f the sun i n

d e g r e e s c e n t i g r a d e
5

6 // C a l c u l a t i o n s
7 K=((C/100) *(100))+273; // Temperature o f the s u r f a c e

o f the sun i n Ke lv in
8 R=((C/100) *180) +492; // Temperature o f the s u r f a c e o f

the sun i n d e g r e e Rankine
9

10 // Output
11 printf( ’ The t empera tu r e o f the s u r f a c e o f the sun

c o r r e s p o n d i n g to 6500 d e g r e e s c e n t i g r a d e i s \n\n
( 1 )%3 . 0 f Ke lv in and ( 2 )%3 . 0 f d e g r e e Rankine ’ ,K,R)

Scilab code Exa 1.2 Temperature

9



1 clc

2 clear

3 // Input data
4 C=-183; //The normal b o i l i n g p o i n t o f l i q u i d oxygen

i n d e g r e e s c e n t i g r a d e
5

6 // C a l c u l a t i o n s
7 K=((C/100) *100) +273; //The normal b o i l i n g p o i n t o f

l i q u i d oxygen i n Ke lv in
8 R=((C/100) *180) +492; //The normal b o i l i n g p o i n t o f

l i q u i d oxygen i n d e g r e e Rankine
9

10 // Output data
11 printf( ’ The b o i l i n g p o i n t o f l i q u i d oxygen

c o r r e s p o n d i n g to −183 d e g r e e c e n t i g r a d e i s \n\n
( 1 )%3 . 0 f Ke lv in and ( 2 )%3 . 1 f d e g r e e Rankine ’ ,K,R)

Scilab code Exa 1.3 Temperature

1 clc

2 clear

3 // C a l c u l a t i o n s
4 x=((273*180) -(32*100))/80; //The tempera tu re at which

Ke lv in and F a h r e n h e i t s c a l e c o i n c i d e i n Ke lv in
and d e g r e e F a h r e n h e i t

5

6 // Output
7 printf( ’ The t empera tu r e at which Ke lv in and

F a h r e n h e i t c o i n c i d e i s %3 . 2 f d e g r e e ’ ,x)

Scilab code Exa 1.4 Temperature

1 clc
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2 clear

3 // C a l c u l a t i o n s
4 x=( -(32*100))/80; //The tempera tu re at which d e g r e e

c e n t i g r a d e and F a h r e n h e i t s c a l e c o i n c i d e i n
d e g r e e c e n t i g r a d e and d e g r e e F a h r e n h e i t

5

6 // Output
7 printf( ’ The t empera tu r e at which d e g r e e c e n t i g r a d e

and F a h r e n h e i t c o i n c i d e i s %3 . 0 f d e g r e e ’ ,x)

Scilab code Exa 1.5 Temperature

1 clc

2 clear

3 // Input data
4 K=20.2; //The normal b o i l i n g p o i n t o f l i q u i d hydrogen

i n Ke lv in
5

6 // C a l c u l a t i o n s
7 R=(((K -273) /100) *180) +492; //The normal b o i l i n g p o i n t

o f l i q u i d hydrogen i n d e g r e e Rankine
8

9 // Output data
10 printf( ’ The b o i l i n g p o i n t o f l i q u i d hydrogen

c o r r e s p o n d i n g to 2 0 . 2 Ke lv in i s %3 . 2 f d e g r e e
Rankine ’ ,R)

Scilab code Exa 1.6 Temperature

1 clc

2 clear

3 // Input data

11



4 V=1000; // Volume o f the bulb o f the c a l l e n d a r ’ s
compensated c o n s t a n t p r e s s u r e a i r thermometer i n
cmˆ3

5 v=100; // Volume o f mercury drawn out o f the r e s e r v o i r
i n cmˆ3

6

7 // C a l c u l a t i o n s
8 t=((v)/(V-v))*273; //The tempera tu re o f the bath i n

d e g r e e c e n t i g r a d e
9

10 // Output data
11 printf( ’ The t empera tu r e o f the bath on the c e l s i u s

s c a l e i s %3 . 2 f d e g r e e c e n t i g r a d e ’ ,t)

Scilab code Exa 1.7 Temperature

1 clc

2 clear

3 // Input data
4 Pt=100; // P r e s s u r e o f a i r when the bulb i s p l a c e d i n

hot water i n cm o f Hg
5 P100 =109.3; // P r e s s u r e o f a i r i n a c o n s t a n t volume

thermometer at 100 d e g r e e c e n t i g r a d e i n cm o f Hg
6 P0=80; // P r e s s u r e o f a i r i n a c o n s t a n t volume

thermometer at 0 d e g r e e c e n t i g r a d e i n cm o f Hg
7

8 // C a l c u l a t i o n s
9 t=((Pt-P0)/(P100 -P0))*100; //The tempera tu re o f the

hot water i n d e g r e e c e n t i g r a d e
10

11 // Output data
12 printf( ’ The t empera tu r e o f the hot water i s %3 . 2 f

d e g r e e c e n t i g r a d e ’ ,t)
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Scilab code Exa 1.8 Temperature

1 clc

2 clear

3 // Input data
4 P0=76; //The p r e s s u r e i n the bulb at 0 d e g r e e

c e n t i g r a d e i n cm o f Hg
5 Pt=152+P0;//The e x c e s s p r e s s u r e i n the bulb i n cm o f

Hg
6 T0=273; // Temperature i n K
7

8 // C a l c u l a t i o n s
9 T=(Pt/P0)*T0;//The tempera tu re o f the f u r n a c e i n

Ke lv in
10 T1=T -273; //The tempera tu re o f the f u r n a c e i n d e g r e e

c e n t i g r a d e
11

12 // Output data
13 printf( ’ The t empera tu r e o f the f u r n a c e T = %3 . 0 f

Ke lv in = %3 . 0 f d e g r e e c e n t i g r a d e ’ ,T,T1)

Scilab code Exa 1.9 Temperature

1 clc

2 clear

3 // Input data
4 R0=5; //The r e s i s t a n c e o f the p lat inum wi r e o f a

p lat inum r e s i s t a n c e thermometer at the i c e p o i n t
i n ohms

5 R100 =5.93; //The r e s i s t a n c e o f the p lat inum wi r e o f a
p lat inum r e s i s t a n c e thermometer at the steam

p o i n t i n ohms
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6 Rt =5.795; //The r e s i s t a n c e o f the p lat inum wi r e when
both the thermometers a r e i n s e r t e d i n a hot bath
i n ohms

7 P0=100; //The p r e s s u r e at i c e p o i n t i n cm o f Hg
8 P100 =136.6; //The p r e s s u r e at steam p o i n t i n cm o f Hg
9 Pt =131.11; //The p r e s s u r e o f the gas i n cm o f Hg
10

11 // C a l c u l a t i o n s
12 Tp=((Rt-R0)/(R100 -R0))*100; //The tempera tu re o f the

bath on the p lat inum s c a l e i n d e g r e e c e n t i g r a d e
13 T=((Pt-P0)/(P100 -P0))*100; //The tempera tu re o f the

bath on the gas s c a l e i n d e g r e e c e n t i g r a d e
14

15 // Output data
16 printf( ’ The t empera tu r e o f the bath , \n ( 1 )On the

p lat inum s c a l e i s %3 . 2 f d e g r e e c e n t i g r a d e \n ( 2 )
On the gas s c a l e i s %3 . 0 f d e g r e e c e n t i g r a d e ’ ,Tp ,T
)

Scilab code Exa 1.10 Temperature

1 clc

2 clear

3 // Input data
4 t1=50; // Temperature on p lat inum s c a l e i n d e g r e e

c e n t i g r a d e
5 t11 =50.25; // Temperature on gas s c a l e i n d e g r e e

c e n t i g r a d e
6 t2=150; // Temperature on gas s c a l e i n d e g r e e

c e n t i g r a d e
7

8 // C a l c u l a t i o n s
9 g=(t1 -t11)/((t1/100)^2-(t1/100));

10 x=t2 -(g*((t2/100) ^2-(t2/100)));//The tempera tu re on
the p lat inum s c a l e c o r r e s p o n d i n g to 150 d e g r e e s

14



c e n t i g r a d e on gas s c a l e i n d e g r e e c e n t i g r a d e
11

12 // Output data
13 printf( ’ The t empera tu r e on the p lat inum s c a l e i s %3

. 2 f d e g r e e c e n t i g r a d e ’ ,x)

Scilab code Exa 1.11 Temperature

1 clc

2 clear

3 // Input data
4 R0=5.5; //The r e s i s t a n c e o f a p lat inum wi r e at 0

d e g r e e c e n t i g r a d e i n ohms
5 R100 =7.5; //The r e s i s t a n c e o f a p lat inum wi r e at 100

d e g r e e c e n t i g r a d e i n ohms
6 R444 =14.5; //The r e s i s t a n c e o f a p lat inum wi r e at

4 4 4 . 5 d e g r e e c e n t i g r a d e i n ohms
7

8 // C a l c u l a t i o n s
9 b=((900 -(2*444.6))/(5.5*444.6*100*344.6));//The

v a l u e o f beta i n per d e g r e e c e n t i g r a d e squa r e
10 a=(2/(5.5*100)) -(100*(b));//The v a l u e o f a lpha i n

per d e g r e e c e n t i g r a d e
11

12 // Output
13 printf( ’ The v a l u e s a r e b = %3 . 4 g / d e g r e e c e n t i g r a d e

squa r e \n and a = %3g / d e g r e e c e n t i g r a d e ’ ,b,a)
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Chapter 2

EXPANSION

Scilab code Exa 2.1 Expansion

1 clc

2 clear

3 // Input data
4 l=1; //The t h i c k n e s s o f the c r y s t a l i n cm
5 w=5890d-8; //The wave l ength o f l i g h t used i n cm
6 t2=50; //The f i n a l t empera tu r e o f the c r y s t a l i n

d e g r e e c e n t i g r a d e
7 t1=20; //The i n i t i a l t empera tu r e o f the c r y s t a l i n

d e g r e e c e n t i g r a d e
8 p=14; //The number o f f r i n g e s tha t c r o s s e d the f i e l d

o f view
9

10 // C a l c u l a t i o n s
11 t=t2 -t1;//The tempera tu re d i f f e r e n c e i n d e g r e e

c e n t i g r a d e
12 a=(p*w)/(2*l*t);//The c o e f f i c i e n t o f l i n e a r

expans i on o f the c r y s t a l i n per d e g r e e c e n t i g r a d e
13

14 // output
15 printf( ’ The c o e f f i c i e n t o f l i n e a r expans i on o f the

c r y s t a l i s %3 . 4 g / d e g r e e c e n t i g r a d e ’ ,a)
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Scilab code Exa 2.2 Stress

1 clc

2 clear

3 // Input data
4 L=500; //The l e n g t h o f a s t e e l rod i n cm
5 t=40; //The i n c r e a s e i n t empera tu r e i n d e g r e e

c e n t i g r a d e
6 y=2*10^12; //The youngs modulus o f e l a s t i c i t y o f

s t e e l i n dynes /cmˆ2
7 e=12*10^ -6; //The c o e f f i c i e n t o f l i n e a r expans i on o f

s t e e l i n per d e g r e e c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 S=y*e*t;//The s t r e s s i n the rod i n dynes /cmˆ2
11

12 // Output
13 printf( ’ The s t r e s s i n the rod i s %3g dynes /cmˆ2 ’ ,S)

Scilab code Exa 2.3 Tension

1 clc

2 clear

3 // Input data
4 L=800; //The l e n g t h o f the w i r e i n cm
5 r=0.2; //The r a d i u s o f the w i r e i n cm
6 t=10; //The tempera tu re f a l l i n d e g r e e c e n t i g r a d e
7 a=12*10^ -6; //The c o e f f i c i e n t o f l i n e a r expans i on o f

s t e e l w i r e i n per d e g r e e c e n t i g r a d e
8 y=2*10^12; //The youngs modulus o f e l a s t i c i t y o f

s t e e l i n dynes /cmˆ2
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9 pi =(22/7);// Mathemat ica l c o n s t a n t p i
10

11 // C a l c u l a t i o n s
12 I=y*a*t*pi*r^2; //The i n c r e a s e i n t e n s i o n i n dynes
13

14 // Output
15 printf( ’ The i n c r e a s e i n t e n s i o n i s %3g dynes ’ ,I)

Scilab code Exa 2.4 Energy

1 clc

2 clear

3 // Input data
4 A=2*10^ -6; //The c r o s s s e c t i o n a r ea o f a un i fo rm rod

i n mˆ2
5 t=20; //The change i n t empera tu r e i n d e g r e e

c e n t i g r a d e
6 y=10^11; //The youngs modulus o f the rod i n newtons /m

ˆ2
7 a=12*10^ -6; //The c o e f f i c i e n t o f l i n e a r expans i on o f

rod i n per d e g r e e c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 F=y*a*t*A;//The f o r c e r e q u i r e d to p r even t i t from

expanding i n newtons
11 E=(1/2)*y*a*t*a*t;//The ene rgy s t o r e d per u n i t

volume i n j /mˆ3
12

13 // Output
14 printf( ’ The f o r c e r e q u i r e d to p r even t the rod from

expanding i s %3 . 0 f newtons \n The Energy s t o r e d
per u n i t volume i s %3 . 0 f j /mˆ3 ’ ,F,E)
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Scilab code Exa 2.5 Force

1 clc

2 clear

3 // Input data
4 d=10^ -3; //The d iamete r o f a s t e e l w i r e i n m
5 t=20; //The d i f f e r e n c e i n the t empera tu re i n d e g r e e

c e n t i g r a d e
6 y=2*10^11; //The youngs modulus o f a s t e e l w i r e i n

newtons /mˆ2
7 a=12*10^ -6; //The c o e f f i c i e n t o f l i n e a r expans i on o f

s t e e l w i r e i n per d e g r e e c e n t i g r a d e
8 pi =(22/7);// Mathemat ica l c o n s t a n t v a l u e
9

10 // c a l c u l a t i o n s
11 A=(pi*d^2) /4; //The c r o s s s e c t i o n a l a r ea o f the s t e e l

w i r e i n mˆ2
12 F=(y*a*t*A)/(9.8);// Force r e q u i r e d to ma inta in the

o r i g i n a l l e n g t h i n kg wt
13

14 // output
15 printf( ’ Force r e q u i r e d to ma inta in the o r i g i n a l

l e n g t h i s %3 . 3 f kg wt ’ ,F)
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Chapter 3

CALORIMETRY

Scilab code Exa 3.1 Time

1 clc

2 clear

3 // Input data
4 T=5; //Time taken f o r a l i q u i d to c o o l from 80 to 50

d e g r e e c e n t i g r a d e i n minutes
5 t11 =80; //The i n i t i a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
6 t12 =50; //The f i n a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
7 t21 =60; // I f the i n i t i a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
8 t22 =30; // I f the f i n a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
9 ts=20; //The tempera tu re o f the s u r r o u n d i n g i n d e g r e e

c e n t i g r a d e
10

11 // C a l c u l a t i o n s
12 T1=((log((t22 -ts)/(t21 -ts)))/(log((t12 -ts)/(t11 -ts))

))*T;//The t ime taken f o r the l i q u i d to c o o l from
60 to 30 d e g r e e c e n t i g r a d e i n minutes

13
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14 // Output
15 printf( ’ The t ime taken f o r a l i q u i d to c o o l from 60

to 30 d e g r e e c e n t i g r a d e i s t = %3 . 0 f minutes ’ ,T1
)

Scilab code Exa 3.2 Thermal capacity

1 clc

2 clear

3 // Input data
4 dw=1; //The d e n s i t y o f water i n g/cmˆ3
5 da=0.8; //The d e n s i t y o f a l c o h o l i n g/cmˆ3
6 t1=100; //The t ime taken f o r the water to c o o l from

50 to 40 d e g r e e c e n t i g r a d e i n s e c o n d s
7 t2=74; //The t ime taken f o r the a l c o h o l to c o o l from

50 to 40 d e g r e e c e n t i g r a d e i n s e c o n d s
8 V=1; // Let the volume o f e i t h e r l i q u i d be i n cmˆ3
9

10 // C a l c u l a t i o n s
11 m=V*dw;//The mass o f water i n g
12 M=V*da;//The mass o f a l c o h o l i n g
13 w=V;// Water e q u i v a l e n t o f each c a l o r i m e t e r i n cmˆ3
14 C=((((m+w)*t2)/(M*t1))-(w/M));//The s p e c i f i c heat o f

a l c o h o l i n c a l o r i e /g−K
15

16 // Output
17 printf( ’ The s p e c i f i c heat o f a l c o h o l i s C = %3 . 1 f

c a l o r i e /g−K ’ ,C)

Scilab code Exa 3.3 Temperature

1 clc

2 clear
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3 // Input data
4 t=5; //Time taken f o r a body to c o o l from 60 to 40

d e g r e e c e n t i g r a d e i n minutes
5 t11 =60; //The i n i t i a l t empera tu r e o f the body i n

d e g r e e c e n t i g r a d e
6 t12 =40; //The f i n a l t empera tu r e o f the body i n d e g r e e

c e n t i g r a d e
7 ts=10; //The tempera tu re o f the s u r r o u n d i n g i n d e g r e e

c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 K=log((t12 -ts)/(t11 -ts));//The c o n s t a n t v a l u e f o r

the f i r s t c a s e at t s
11 x=((exp(K))*(t12 -ts))+ts;//The tempera tu re a f t e r the

next 5 minutes i n d e g r e e c e n t i g r a d e
12

13 // Output
14 printf( ’ The t empera tu r e a f t e r the next 5 minutes i s

x = %3 . 0 f d e g r e e c e n t i g r a d e ’ ,x)

Scilab code Exa 3.4 Time

1 clc

2 clear

3 // Input data
4 T=4; //Time taken f o r a l i q u i d to c o o l from 70 to 50

d e g r e e c e n t i g r a d e i n minutes
5 t11 =70; //The i n i t i a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
6 t12 =50; //The f i n a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
7 t21 =50; // I f the i n i t i a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
8 t22 =40; // I f the f i n a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
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9 ts=25; //The tempera tu re o f the s u r r o u n d i n g i n d e g r e e
c e n t i g r a d e

10

11 // C a l c u l a t i o n s
12 T1=((log((t22 -ts)/(t21 -ts)))/(log((t12 -ts)/(t11 -ts))

))*T;//The t ime taken f o r the l i q u i d to c o o l from
50 to 40 d e g r e e c e n t i g r a d e i n minutes

13

14 // Output
15 printf( ’ The t ime taken f o r a l i q u i d to c o o l from 50

to 40 d e g r e e c e n t i g r a d e i s t = %3 . 3 f minutes ’ ,T1
)

Scilab code Exa 3.5 Temperature

1 clc

2 clear

3 // Input data
4 t=6; //Time taken f o r a l i q u i d to c o o l from 80 to 60

d e g r e e c e n t i g r a d e i n minutes
5 T=10; //To f i n d the t empera tu r e a f t e r the t ime i n

minutes
6 t11 =80; //The i n i t i a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
7 t12 =60; //The f i n a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
8 ts=30; //The tempera tu re o f the s u r r o u n d i n g i n d e g r e e

c e n t i g r a d e
9

10 // C a l c u l a t i o n s
11 K=(log((t12 -ts)/(t11 -ts)))/(-t);//The c o n s t a n t v a l u e

f o r the f i r s t c a s e at t s
12 x=((exp(-T*K))*(t12 -ts))+ts;//The tempera tu re a f t e r

the next 10 minutes i n d e g r e e c e n t i g r a d e
13
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14 // Output
15 printf( ’ The t empera tu r e a f t e r the next 10 minutes i s

x = %3 . 2 f d e g r e e c e n t i g r a d e ’ ,x)

Scilab code Exa 3.6 Temperature

1 clc

2 clear

3 // Input data
4 t=5; //The t ime taken f o r a body to c o o l from 80 to

64 d e g r e e c e n t i g r a d e i n minutes
5 t11 =80; //The i n i t i a l t empera tu r e o f the body i n

d e g r e e c e n t i g r a d e
6 t12 =64; //The f i n a l t empera tu r e o f the body i n d e g r e e

c e n t i g r a d e
7 t21 =52; //The tempera tu re o f the body a f t e r 10

minutes i n d e g r e e c e n t i g r a d e
8 T=10; //The t ime taken f o r a body to c o o l from 80 to

52 d e g r e e c e n t i g r a d e i n minutes
9 T1=15; //To f i n d the t empera tu r e a f t e r the t ime i n

minutes
10

11 // C a l c u l a t i o n s
12 ts=((t21*t11)-(t12^2))/(t11+t21 -(2* t12));//The

tempera tu re o f the s u r r o u n d i n g s i n d e g r e e
c e n t i g r a d e

13 K=(log((t21 -ts)/(t12 -ts)));//The c o n s t a n t v a l u e f o r
the f i r s t c a s e at t s

14 x=((exp(K))*(t21 -ts))+ts;//The tempera tu re a f t e r the
next 15 minutes i n d e g r e e c e n t i g r a d e

15

16 // Output
17 printf( ’ ( 1 ) The t empera tu re o f the s u r r o u n d i n g s i s %3

. 0 f d e g r e e c e n t i g r a d e \n ( 2 ) The tempera tu re a f t e r
the 15 minutes i s %3 . 0 f d e g r e e c e n t i g r a d e ’ ,ts ,x
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)

Scilab code Exa 3.7 Thermal constant

1 clc

2 clear

3 // Input data
4 t2=2; //The t ime taken f o r the l i q u i d to c o o l from 50

to 40 d e g r e e c e n t i g r a d e i n minutes
5 t11 =50; //The i n i t i a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
6 t12 =40; //The f i n a l t empera tu r e o f the l i q u i d i n

d e g r e e c e n t i g r a d e
7 t1=5; //The t ime taken f o r the water to c o o l from 50

to 40 d e g r e e c e n t i g r a d e i n minutes
8 m=100; //The mass o f water i n gms
9 M=85; //The mass o f l i q u i d i n gms
10 w=10; // Water e q u i v a l e n t o f the v e s s e l i n gms
11

12 // C a l c u l a t i o n s
13 C=(((m+w)*(t2*60))/(M*(t1*60)))-(w/M);//The s p e c i f i c

heat o f a l i q u i d i n c a l o r i e s /g−K
14

15 // Output
16 printf( ’ The s p e c i f i c heat o f a l i q u i d i s C = %3 . 1 f

c a l o r i e s /g−K ’ ,C)

Scilab code Exa 3.8 Gas constant

1 clc

2 clear

3 // Input data
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4 V=22400; //The volume o f One gram m o l e c u l e o f a gas
at N.T . P i n cmˆ3

5 p=76; //The p r e s s u r e i n cm o f Hg
6 T=273; //The tempera tu re i n K
7

8 // C a l c u l a t i o n s
9 P=p*13.6*981; //The p r e s s u r e i n dynes /cmˆ2
10 R=(P*V)/T;//The u n i v e r s a l gas c o n s t a n t f o r one gram

m o l e c u l e o f a gas i n e r g s / mole−K
11

12 // Output
13 printf( ’ The u n i v e r s a l gas c o n s t a n t f o r one gram

m o l e c u l e o f a gas i s R = %3 . 4 g e r g s / mole−K ’ ,R)

Scilab code Exa 3.9 Specific heat

1 clc

2 clear

3 // Input data
4 Cp =0.23; // S p e c i f i c heat o f a i r a t c o n s t a n t p r e s s u r e
5 J=4.2*10^7; //The amount o f ene rgy i n e r g s / c a l
6 d=1.293; //The d e n s i t y o f a i r a t N.T . P i n g/ l i t r e
7 p=76; //The p r e s s u r e i n cm o f Hg
8 T=273; //The tempera tu re i n K
9

10 // C a l c u l a t i o n s
11 P=p*13.6*980; //The p r e s s u r e i n dynes /cmˆ2
12 V=(1000/d);// Volume o f one gram o f a i r at N.T . P i n

cmˆ3
13 r=(P*V)/T;//The gas c o n s t a n t f o r one gram o f a gas

i n e r g s /g−K
14 Cv=Cp -(r/J);// S p e c i f i c heat o f a i r a t c o n s t a n t

volume
15

16 // Output
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17 printf( ’ The s p e c i f i c heat o f a i r a t c o n s t a n t volume
i s Cv = %3 . 4 f ’ ,Cv)

Scilab code Exa 3.10 Specific heat

1 clc

2 clear

3 // Input data
4 w=4; //The Mo l e cu l a r we ight o f he l ium
5 v=22400; //The volume o f one gram m o l e c u l e o f a gas

at N.T . P i n cmˆ3
6 p=76; //The p r e s s u r e i n cm o f Hg
7 T=273; //The tempera tu re i n K
8 J=4.2*10^7; //The amount o f ene rgy i n e r g s / c a l
9

10 // C a l c u l a t i o n s
11 V=(v/w);//The volume o f one gram o f he l ium at N.T . P

i n cmˆ3
12 P=p*13.6*980; //The p r e s s u r e i n dynes /cmˆ2
13 r=(P*V)/T;//The gas c o n s t a n t f o r one gram o f a gas

i n e r g s /g−K
14 C=r/J;//The d i f f e r e n c e i n the two s p e c i f i c h e a t s o f

one gram o f he l ium
15

16 // Output
17 printf( ’ The d i f f e r e n c e i n the two s p e c i f i c h e a t s o f

one gram o f he l ium i s Cp−Cv = %3 . 4 f ’ ,C)

Scilab code Exa 3.11 Efficiency

1 clc

2 clear

3 // Input data
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4 V=25; // Volume o f g a s o l i n e consumed by an e n g i n e i n
l i t r e s / hour

5 cv =6*10^6; //The c a l o r i f i c v a l u e o f g a s o l i n e i n
c a l o r i e s / l i t r e

6 P=35; //The output o f the e n g i n e i n k i l o w a t t s
7

8 // C a l c u l a t i o n s
9 h=V*cv;// Tota l heat produced by g a s o l i n e i n one hour

i n c a l o r i e s
10 H=h/3600; // Heat produced per second i n c a l / s
11 I=H*4.2; // Heat produced per second i n j o u l e s / s or

watt s
12 E=((P*1000)/I)*100; //The e f f i c i e n c y i n p e r c e n t
13

14 // Output
15 printf( ’ The e f f i c i e n c y o f the e n g i n e i s %3 . 0 f

p e r c e n t ’ ,E)

28



Chapter 4

CHANGE OF STATE

Scilab code Exa 4.1 Heat required

1 clc

2 clear

3 // Input data
4 m=1000; // Mass o f I c e i n gms
5 Sp=0.5; // S p e c i f i c heat o f I c e i n c a l /g−K
6 t1=-10; // I n i t i a l t empera tu r e o f I c e i n d e g r e e

c e n t i g r a d e
7 t2=0; //The f i n a l t empera tu r e o f I c e i n d e g r e e

c e n t i g r a d e
8 Li=80; // Latent heat o f f u s i o n o f i c e i n c a l s per

gram
9 Ls=540; // Latent heat o f f u s i o n o f steam i n c a l s per

gram
10

11 // C a l c u l a t i o n s
12 h1=m*-t1*Sp;// Heat r e q u i r e d to r a i s e the t empera tu r e

o f I c e i n c a l s
13 h2=m*Li;// Heat r e q u i r e d to melt i c e at 0 d e g r e e

c e n t i g r a d e i n c a l s
14 h3=m*100; // Heat r e q u i r e d to r a i s e the t empera tu r e o f

water from 0 to 100 d e g r e e c e n t i g r a d e i n c a l s
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15 h4=m*Ls;// Heat r e q u i r e d to c o n v e r t water i n t o steam
at 100 d e g r e e c e n t i g r a d e i n c a l s

16 T=h1+h2+h3+h4;// Tota l q u a n t i t y o f heat r e q u i r e d i n
c a l s

17

18 // Output
19 printf( ’ Tota l q u a n t i t y o f heat r e q u i r e d i s %3 . 0 f

c a l s ’ ,T)

Scilab code Exa 4.2 Amount of ice

1 clc

2 clear

3 // Input data
4 m=1; // Mass o f steam i n gms
5 Ls=537; // Latent heat o f f u s i o n o f steam i n c a l per

gram
6 mi=100; // mass o f i c e i n gms
7 Li=80; // Latent heat o f f u s i o n o f i c e i n c a l per gram
8

9 // C a l c u l a t i o n s
10 h1=m*Ls;// Heat g i v e n out by one gram o f steam when

c o n v e r t e d from steam i n t o water at 100 d e g r e e
c e n t i g r a d e i n c a l s

11 h2 =1*100; // Heat g i v e n out by one gram o f water when
c o o l e d from 100 to 0 d e g r e e c e n t i g r a d e i n c a l s

12 h=h1+h2;// Tota l q u a n t i t y o f heat g i v e n out by one
gram o f steam i n c a l s

13 m=h/Li;//The amount o f I c e mel ted i n gms
14

15 // Output
16 printf( ’ The amount o f I c e mel ted i s m = %3 . 2 f gms ’ ,

m)
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Scilab code Exa 4.3 Ice

1 clc

2 clear

3 // Input data
4 m=100; // Mass o f water i n gms
5 tw=40; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
6 mi=52; // Mass o f I c e i n gms
7 Lw=100; // Latent heat o f f u s i o n o f water i n c a l s per

gram
8 Li=80; // Latent heat o f f u s i o n o f I c e i n c a l s per

gram
9

10 // C a l c u l a t i o n s
11 h=Lw*tw;// Heat l o s t by water when i t s t empera tu r e

f a l l s from 40 to 0 d e g r e e c e n t i g r a d e i n c a l s
12 hi=mi*Li;// Heat ga ined by I c e i n c a l s
13 hg=h;//The amount o f heat ga ined by I c e i n c a l s
14 ml=(hg/Li);//The amount o f I c e mel ted i n gms
15 M=mi -ml;//The amount o f i c e r ema in ing i n gms
16 W=m+(mi-M);//The amount o f water i n gms
17

18 // Output
19 printf( ’ The r ema in ing I c e i s %3 . 0 f g \n Hence the

r e s u l t w i l l be %3 . 0 f g o f I c e and %3 . 0 f g o f
water at 0 d e g r e e c e n t i g r a d e ’ ,M,M,W)

Scilab code Exa 4.4 Latent heat

1 clc

2 clear
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3 // Input data
4 m=100; // Let the mass o f water i n gms
5 t=15; //Time taken f o r an e l e c t r i c k e t t l e to heat a

c e r t a i n q u a n t i t y o f water from 0 to 100 d e g r e e
c e n t i g r a d e i n minutes

6 T=80; //Time taken to turn a l l the water at 100
d e g r e e c e n t i g r a d e i n t o steam i n minutes

7 Lw=100; // Latent heat o f f u s i o n o f water i n c a l s per
gram

8

9 // C a l c u l a t i o n s
10 h1=m*Lw;// Heat r e q u i r e d to r a i s e i t s t empera tu r e

from 0 to 100 d e g r e e c e n t i g r a d e i n c a l s
11 h2=h1;// Heat produced by e l e c t r i c k e t t l e i n 15

minutes i n c a l s
12 h3=h2/15; // Heat produced by e l e c t r i c k e t t l e i n 1

minute i n c a l s
13 h4=h3*80; // Heat produced by e l e c t r i c k e t t l e i n 80

minutes i n c a l s
14 L=h4/m;// Latent heat o f steam i n c a l /g
15

16 // Output
17 printf( ’ The l a t e n t heat o f steam i s L = %3 . 2 f c a l /g

’ ,L)

Scilab code Exa 4.5 Heat removed

1 clc

2 clear

3 // Input data
4 m=50; // Mass o f water i n gms
5 t1=15; // I n i t i a l t empera tu r e i n d e g r e e c e n t i g r a d e
6 t2=-20; // F i n a l t empera tu r e i n d e g r e e c e n t i g r a d e
7 Sp=0.5; // S p e c i f i c heat o f I c e i n c a l /g−K
8 Li=80; // Latent heat o f f u s i o n o f I c e i n c a l s per
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gram
9

10 // C a l c u l a t i o n s
11 h1=m*1*t1;// Heat removed i n c o o l i n g water from 15 to

0 d e g r e e c e n t i g r a d e i n c a l
12 h2=m*Li;// Heat removed i n c o n v e r t i n g water i n t o I c e

at 0 d e g r e e c e n t i g r a d e i n c a l
13 h3=m*Sp*-t2;// Heat removed i n c o o l i n g i c e from 0 to

−20 d e g r e e c e n t i g r a d e i n c a l
14 H=h1+h2+h3;// Tota l heat removed i n one hour i n c a l
15 H1=H/60; // Heat removed per minute i n c a l / minute
16

17 // Output
18 printf( ’ The Quant i ty o f heat removed per minute i s

%3 . 1 f c a l / minute ’ ,H1)

Scilab code Exa 4.6 Specific heat

1 clc

2 clear

3 // Input data
4 M=20; // Mass o f the s u b s t a n c e i n g
5 t=100; //The tempera tu re o f the s u b s t a n c e i n d e g r e e

c e n t i g r a d e
6 a=1/100; // Area o f c r o s s s e c t i o n i n cmˆ2
7 l=5; //The l e n g t h o f the coloumn through which l i q u i d

moves i n cm
8 V1 =1000; //The volume o f water i n cmˆ3
9 V2 =1090; //The volume o f I c e from the volume o f water

on f r e e z i n g i n cmˆ3
10 Li=80; // Latent heat o f I c e i n c a l s per gram
11

12 // C a l c u l a t i o n s
13 V=V2 -V1;//The d e c r e a s e i n volume o f I c e i n cmˆ3
14 Vi=V/1000; //The d e c r e a s e i n volume when one gram o f
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i c e me l t s i n cmˆ3
15 v=l*a;// Dec r ea s e i n volume i n cmˆ3
16 S=(Li*v)/(Vi*M*t);// S p e c i f i c heat o f the s u b s t a n c e

i n c a l /g d e g r e e c e n t i g r a d e
17

18 // Output
19 printf( ’ The s p e c i f i c heat o f the s u b s t a n c e i s %3 . 3 f

c a l /g . d e g r e e c e n t i g r a d e ’ ,S)

Scilab code Exa 4.7 Specific heat

1 clc

2 clear

3 // Input data
4 M=27; //The mass o f the s u b s t a n c e i n g
5 t=100; //The tempera tu re o f the s u b s t a n c e i n d e g r e e

c e n t i g r a d e
6 a=3/100; // Area o f c r o s s s e c t i o n i n cmˆ2
7 l=10; //The l e n g t h o f the coloumn through which

l i q u i d moves i n cm
8 Li=80; // Latent heat o f I c e i n c a l s per gram
9 V1 =1000; //The volume o f water i n cmˆ3

10 V2 =1090; //The volume o f I c e from the volume o f water
on f r e e z i n g i n cmˆ3

11

12 // C a l c u l a t i o n s
13 v=l*a;// Dec r ea s e i n volume i n cmˆ3
14 V=V2 -V1;//The d e c r e a s e i n volume o f I c e i n cmˆ3
15 Vi=V/1000; //The d e c r e a s e i n volume when one gram o f

i c e me l t s i n cmˆ3
16 S=(Li*v)/(Vi*M*t);// S p e c i f i c heat o f the s u b s t a n c e

i n c a l /g d e g r e e c e n t i g r a d e
17

18 // Output
19 printf( ’ The s p e c i f i c heat o f the s u b s t a n c e i s %3 . 3 f
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c a l /g . d e g r e e c e n t i g r a d e ’ ,S)

Scilab code Exa 4.8 Relative humidity

1 clc

2 clear

3 // Input data
4 t=16.5; //The tempera tu re o f a i r i n d e g r e e c e n t i g r a d e
5 d=6.5; //The dew p o i n t i n d e g r e e c e n t i g r a d e
6 s1 =7.05; //S .V. P at 6 d e g r e e c e n t i g r a d e i n mm
7 s2 =7.51; //S .V. P at 7 d e g r e e c e n t i g r a d e i n mm
8 s3 =13.62; //S .V. P at 16 d e g r e e c e n t i g r a d e i n mm
9 s4 =14.42; //S .V. P at 17 d e g r e e c e n t i g r a d e i n mm

10

11 // C a l c u l a t i o n s
12 s5=(s1+s2)/2; //S .V. P at 6 . 5 d e g r e e c e n t i g r a d e i n mm
13 s6=(s3+s4)/2; //S .V. P at 1 6 . 5 d e g r e e c e n t i g r a d e i n mm
14 R=(s5/s6)*100; // R e l a t i v e humid i ty o f a i r i n p e r c e n t
15

16 // Output
17 printf( ’ The p e r c e n t a g e r e l a t i v e humid i ty o f a i r i s R

.H = %3 . 1 f p e r c e n t ’ ,R)

Scilab code Exa 4.9 Dew point

1 clc

2 clear

3 // Input data
4 R=52; //The r e l a t i v e humid i ty o f a i r i n p e r c e n t
5 t=20; //The tempera tu re o f a i r i n d e g r e e c e n t i g r a d e
6 s1 =17.5; //S .V. P o f water at 20 d e g r e e c e n t i g r a d e i n

mm
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7 s2=9.2; //S .V. P o f water at 10 d e g r e e c e n t i g r a d e i n
mm

8 s3=8.6; //S .V. P o f water at 9 d e g r e e c e n t i g r a d e i n mm
9

10 // C a l c u l a t i o n s
11 s4=(R/100)*s1;//S .V. P at dew p o i n t i n mm
12 s5=s2-s3;//S .V. P f o r 1 d e g r e e c e n t i g r a d e d i f f e r e n c e

i n mm
13 d=9+((s4-s3)/(s2-s3));//The dew p o i n t t empera tu r e i n

d e g r e e c e n t i g r a d e
14

15 // Output
16 printf( ’ The dew p o i n t t empera tu r e i s %3 . 2 f d e g r e e

c e n t i g r a d e ’ ,d)
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Chapter 5

NATURE OF HEAT

Scilab code Exa 5.1 Temperature

1 clc

2 clear

3 // Input data
4 v=480; //The v e l o c i t y o f a l e a d b u l l e t i n m/ s
5 Sp =0.03; // S p e c i f i c heat o f l e a d c a l /g−K
6

7 // C a l c u l a t i o n s
8 m=10; // Let us assume the mass o f b u l l e t i n gms
9 V=v*100; //The v e l o c i t y o f the b u l l e t i n cm/ s

10 W=(1/2)*m*(V^2);//The work done i n e r g s
11 J=4.2*10^7; //The mechan i ca l e q u i v a l e n t o f heat i n

e r g s / c a l o r i e
12 H=W/J;//The amount o f heat produced i n c a l s
13 H1=H/2; // Ha l f o f the heat ene rgy i s used to r a i s e

the t empera tu r e o f the b u l l e t i n c a l s
14 t=H1/(m*Sp);//The r i s e i n the t empera tu r e i n d e g r e e

c e n t i g r a d e
15

16 // Output
17 printf( ’ The r i s e i n the t empera tu r e i s t = %3 . 2 f

d e g r e e c e n t i g r a d e ’ ,t)
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Scilab code Exa 5.2 Energy

1 clc

2 clear

3 // Input data
4 t=1; //The i n c r e a s e i n the t empera tu r e o f a p i e c e o f

aluminium i n d e g r e e c e n t i g r a d e
5 a=6*10^23; //The number o f atoms p r e s e n t i n 27 g o f

aluminium i n atoms
6 Sp =0.22; //The s p e c i f i c heat o f aluminium i n c a l /g−K
7 m=27; //The amount o f aluminium i n g
8 J=4.2*10^7; //The mechan i ca l e q u i v a l e n t o f heat i n

e r g s / c a l o r i e
9

10 // C a l c u l a t i o n s
11 H=m*Sp*t;// Heat r e q u i r e d to r a i s e the t empera tu r e o f

27 gms o f aluminium by 1 d e g r e e c e n t i g r a d e i n
c a l s

12 E=m*Sp*J;// Energy ga ined by atoms o f aluminium i n
e r g s

13 E1=E/a;// I n c r e a s e i n ene rgy per atom o f aluminium i n
e r g s

14

15 // Output
16 printf( ’ The i n c r e a s e i n ene rgy per atom o f aluminium

i s %3 . 4 g e r g s ’ ,E1)

Scilab code Exa 5.3 Temperature

1 clc

2 clear
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3 // Input data
4 h=50; //The h e i g h t from which water f a l l s i n metre s
5 m=100; // Let us assume the mass o f the water i n gms
6 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
7 J=4.2*10^7; //The mechan i ca l e q u i v a l e n t o f heat i n

e r g s / c a l o r i e
8

9 // C a l c u l a t i o n s
10 h1=h*100; //The h e i g h t from which water f a l l s i n cm
11 W=m*g*h1;//The work done i n e r g s
12 t=W/(J*m);//The r i s e i n t empera tu r e o f water i n

d e g r e e c e n t i g r a d e
13

14 // Output
15 printf( ’ The r i s e i n t empera tu r e o f water i s t = %3 . 3

f d e g r e e c e n t i g r a d e ’ ,t)

Scilab code Exa 5.4 Molecules

1 clc

2 clear

3 // Input data
4 v=1; //The volume o f oxygen at N.T . P i n cmˆ3
5 d=13.6; //The d e n s i t y o f mercury i n g/cmˆ3
6 r=4.62*10^4; //The R.M. S v e l o c i t y o f oxygen m o l e c u l e s

at 0 d e g r e e c e n t i g r a d e i n cm/ s
7 m=52.8*10^ -24; // Mass o f one m o l e c u l e o f oxygen i n g
8 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
9

10 // C a l c u l a t i o n s
11 P=76*g*d;//The p r e s s u r e i n dynes /cmˆ2
12 n=((3*P)/(m*r^2));//Number o f m o l e c u l e s i n 1 cc o f

oxygen at N.T . P
13

14 // Output
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15 printf( ’ The number o f m o l e c u l e s i n 1 c . c o f oxygen
at N.T . P i s n = %3 . 4 g ’ ,n)

Scilab code Exa 5.5 Temperature

1 clc

2 clear

3 // Input data
4 t=-100; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
5

6 // C a l c u l a t i o n s
7 T1=t+273; //The g i v e n t empera tu r e i n K
8 m1=1; // number o f hydrogen m o l e c u l e s
9 m2=16; // number o f oxygen m o l e c u l e s

10 m=m2/m1;//Number o f oxygen m o l e c u l e s to the hydrogen
m o l e c u l e s

11 T2=(T1*m) -273; //The tempera tu re i n d e g r e e c e n t i g r a d e
12

13 // Output
14 printf( ’ The t empera tu r e at which the oxygen

m o l e c u l e s have the same r o o t mean squ a r e v e l o c i t y
\n as tha t o f hydrogen m o l e c u l e s i s T2 = %3 . 0 f

d e g r e e c e n t i g r a d e ’ ,T2)

Scilab code Exa 5.6 Velocity

1 clc

2 clear

3 // Input data
4 t=27; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
5 d=13.6; //The d e n s i t y o f mercury i n g/cmˆ3
6 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
7 m1=16; // number o f oxygen m o l e c u l e s
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8 D=0.000089; //The d e n s i t y o f hydrogen at N.T . P i n g/
cc

9 T=273; //The tempera tu re at N.T . P i n K
10

11 // C a l c u l a t i o n s
12 P=76*g*d;//The p r e s s u r e i n dynes /cmˆ2
13 p=m1*D;//The d e n s i t y o f oxygen at N.T . P i n g/ cc
14 C=((3*P)/(p))^(1/2);//The RMS v e l o c i t y o f oxygen

m o l e c u l e i n cm/ s
15 T1=t+T;//The g i v e n t empera tu r e i n K
16 C1=C*(T1/T)^(1/2);//The RMS v e l o c i t y o f the

m o l e c u l e s at 27 d e g r e e c e n t i g r a d e i n cm/ s
17

18 // Output
19 printf( ’ The RMS v e l o c i t y o f the oxygen m o l e c u l e s at

27 d e g r e e c e n t i g r a d e i s C1 = %3 . 4 g cm/ s ’ ,C1)

Scilab code Exa 5.7 Volume

1 clc

2 clear

3 // Input data
4 d=13.6; //The d e n s i t y o f mercury i n g/cmˆ3
5 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
6 m=3.2; // Mass o f oxygen i n gms
7 t=27; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
8 p=76; //The p r e s s u r e i n cm o f Hg
9 R=8.31*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
10

11 // C a l c u l a t i o n s
12 P=p*g*d;//The g i v e n p r e s s u r e i n dynes /cmˆ2
13 T=t+273; //The g i v e n t empera tu r e i n K
14 V=(T*R)/P;// Volume per g mol o f oxygen i n cc per g

mol
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15 m1=32; // Mo l e cu l a r we ight o f Oxygen
16 V1=V*(m/m1);// Volume o f 3 . 2 g o f oxygen i n cc
17

18 // Output
19 printf( ’ The Volume o c c u p i e d by 3 . 2 gms o f Oxygen i s

V = %3 . 0 f cc ’ ,V1)

Scilab code Exa 5.9 Molecules

1 clc

2 clear

3 // Input data
4 v=1; //The volume o f an I d e a l gas at N.T . P i n mˆ3
5 d=13.6; //The d e n s i t y o f mercury i n g/cmˆ3
6 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
7 p=76; //The p r e s s u r e i n cm o f Hg
8 R=8.31*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
9 N=6.023*10^23; //The Avogadro number

10 T=273; //The tempera tu re at N.T . P i n K
11

12 // C a l c u l a t i o n s
13 P=p*g*d;//The g i v e n p r e s s u r e i n dynes /cmˆ2
14 x=(P*N*10^6) /(R*T);//Number o f m o l e c u l e s i n one

c u b i c metre volume
15

16 // Output
17 printf( ’ The number o f m o l e c u l e s i n one c u b i c metre

o f an i d e a l gas at N.T . P i s x = %3 . 4 g ’ ,x)

Scilab code Exa 5.10 Molecules

1 clc
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2 clear

3 // Input data
4 v=1; //The volume o f an i d e a l gas i n l i t r e
5 d=13.6; //The d e n s i t y o f mercury i n g/cmˆ3
6 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
7 p=76; //The p r e s s u r e i n cm o f Hg
8 R=8.31*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
9 N=6.023*10^23; //The Avogadro number
10 T=273; //The tempera tu re at N.T . P i n K
11 t=136.5; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
12 p1=3; //The g i v e n a tmosphe r i c p r e s s u r e i n atm

p r e s s u r e
13

14 // C a l c u l a t i o n s
15 T1=T+t;//The g i v e n t empera tu r e i n K
16 P=p*g*d;//The g i v e n p r e s s u r e i n dynes /cmˆ2
17 x=(p1*P*N*10^3) /(R*T1);//Number o f m o l e c u l e s i n one

l i t r e volume
18

19 // Output
20 printf( ’ The number o f m o l e c u l e s i n one l i t r e o f an

i d e a l gas volume i s x = %3 . 4 g ’ ,x)

Scilab code Exa 5.11 Molecules

1 clc

2 clear

3 // Input data
4 v=1; //The volume o f a gas i n cc
5 d=13.6; //The d e n s i t y o f mercury i n g/cmˆ3
6 p2=10^ -7; //The p r e s s u r e i n cm o f Hg
7 g=980; // G r a v i t a t i o n a l c o n s t a n t i n gms/ s ˆ2
8 p1=76; //The p r e s s u r e i n cm o f Hg
9 R=8.31*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g
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mol−K
10 N=6.023*10^23; //The Avogadro number
11 T=273; //The tempera tu re at N.T . P i n K
12 n1 =2.7*10^19; //The number o f m o l e c u l e s per cc o f gas

at N.T . P
13 t2=0; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
14 t3=39; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
15

16 // C a l c u l a t i o n s
17 P1=p1*g*d;//The g i v e n p r e s s u r e i n dynes /cmˆ2
18 P2=p2*g*d;//The g i v e n p r e s s u r e i n dynes /cmˆ2
19 n2=n1*(P2/P1);//The number o f m o l e c u l e s per cc o f

the gas at 0 d e g r e e c e n t i g r a d e
20 T2=t2 +273; //The g i v e n t empera tu r e i n K
21 T3=t3 +273; //The g i v e n t empera tu r e i n K
22 n3=n2*(T2/T3);//The number o f m o l e c u l e s per cc o f

the gas at 398 d e g r e e c e n t i g r a d e
23

24 // Output
25 printf( ’ The number o f m o l e c u l e s per cc o f the gas ,

\n ( 1 ) at 0 d e g r e e c e n t i g r a d e and 10ˆ−6 mm
p r e s s u r e o f mercury i s n2 = %3 . 4 g \n ( 2 ) at 39
d e g r e e c e n t i g r a d e and 10ˆ−6 mm p r e s s u r e o f
mercury i s n3 = %3 . 4 g ’ ,n2 ,n3)

Scilab code Exa 5.12 Kinetic energy

1 clc

2 clear

3 // Input data
4 T=300; //The g i v e n t empera tu r e i n K
5 R=8.3*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
6

7 // C a l c u l a t i o n s
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8 E=((3/2) *(R*T))/10^7; //The t o t a l random k i n e t i c
ene rgy per gram −m o l e c u l e o f oxygen i n j o u l e s

9

10 // Output
11 printf( ’ The t o t a l random k i n e t i c ene rgy o f one gm−

m o l e c u l e o f oxygen at 300 K i s K. E = %3 . 0 f j o u l e s
’ ,E)

Scilab code Exa 5.13 Kinetic energy

1 clc

2 clear

3 // Input data
4 T=300; //The g i v e n t empera tu r e i n K
5 k=1.38*10^ -16; // Boltzmann c o n s t a n t i n e r g / molecu l e−

deg
6

7 // C a l c u l a t i o n s
8 E=(3/2)*k*T;//The ave rage K i n e t i c ene rgy o f a

m o l e c u l e i n e r g s
9

10 // Output
11 printf( ’ The Average K i n e t i c ene rgy o f a m o l e c u l e o f

a gas at 300 K i s K. E = %3 . 4 g e r g s ’ ,E)

Scilab code Exa 5.14 Kinetic energy

1 clc

2 clear

3 // Input data
4 R=8.32; // U n i v e r s a l gas c o n s t a n t i n j o u l e s / mole−K
5 t=727; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
6 N=6.06*10^23; //The Avogadro number
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7

8 // C a l c u l a t i o n s
9 T=273+t;//The g i v e n t empera tu r e i n K
10 k=R/N;// Boltzmann c o n s t a n t i n j o u l e s /mol−K
11 E=(3/2)*k*T;//Mean t r a n s l a t i o n a l k i n e t i c ene rgy per

m o l e c u l e i n j o u l e s
12

13 // Output
14 printf( ’ The mean t r a n s l a t i o n a l k i n e t i c ene rgy per

m o l e c u l e i s K. E = %3 . 4 g j o u l e ’ ,E)

Scilab code Exa 5.15 Kinetic energy

1 clc

2 clear

3 // Input data
4 T=300; //The g i v e n t empera tu r e i n K
5 M=28; // Mo l e cu l a r we ight o f n i t r o g e n i n g
6 R=8.3*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
7

8 // C a l c u l a t i o n s
9 E=(3/2)*R*T;//The t o t a l random k i n e t i c ene rgy o f

n i t r o g e n i n e r g s
10 E1=E/(M*10^7);//The t o t a l random k i n e t i c ene rgy o f

one gram o f n i t r o g e n at 300 K i n j o u l e
11

12 // Output
13 printf( ’ The t o t a l random k i n e t i c ene rgy o f one gram

o f n i t r o g e n at 300 K i s K. E = %3 . 1 f j o u l e ’ ,E1)

Scilab code Exa 5.16 Kinetic energy
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1 clc

2 clear

3 // Input data
4 T=200; //The g i v e n t empera tu r e i n K
5 m=2; // Given mass o f Helium i n g
6 M=4; // Mo l e cu l a r we ight o f he l ium i n g
7 R=8.3*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
8

9 // C a l c u l a t i o n s
10 E=(m*(3/2) *(R*T)/(M))/10^7; //The ene rgy f o r 2 g o f

he l ium i n j o u l e s
11

12 // Output
13 printf( ’ The t o t a l random k i n e t i c ene rgy o f 2 g o f

he l ium at 200 K i s K. E = %3 . 0 f j o u l e s ’ ,E)

Scilab code Exa 5.17 Velocity

1 clc

2 clear

3 // Input data
4 T=300; //The g i v e n t empera tu r e i n K
5 R=8.3*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
6 M=221; //The m o l e c u l a r we ight o f mercury
7

8 // C a l c u l a t i o n s
9 C=((3*R*T)/(M))^(1/2);//The r o o t mean squa r e

v e l o c i t y o f a m o l e c u l e o f mercury vapour at 300 K
i n cm/ s

10

11 // Output
12 printf( ’ The r o o t mean squa r e v e l o c i t y o f a m o l e c u l e

o f mercury vapour at 300 K i s C = %3 . 4 g cm/ s ’ ,C)
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Scilab code Exa 5.18 Speed

1 clc

2 clear

3 // Input data
4 T=300; //The g i v e n t empera tu r e i n K
5 M=32; // Mo l e cu l a r we ight o f oxygen
6 R=8.3*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
7

8 // C a l c u l a t i o n s
9 E=(3/2)*R*T;// Tota l random k i n e t i c ene rgy o f 1 g

m o l e c u l e o f oxygen i n e r g s
10 v=((E)*(2/M))^(1/2);//The r e q u i r e d speed o f one gram

m o l e c u l e o f oxygen i n cm/ s
11

12 // Output
13 printf( ’ The r e q u i r e d speed o f one gram m o l e c u l e o f

oxygen i s v = %3 . 2 g cm/ s ’ ,v)

Scilab code Exa 5.19 Temperature

1 clc

2 clear

3 // Input data
4 v=8; //The speed o f the e a r t h s f i r s t s a t e l l i t e i n km/

s
5 R=8.3*10^7; //The U n i v e r s a l gas c o n s t a n t i n e r g s /g

mol−K
6 M=2; // Mo l e cu l a r we ight o f hydrogen
7
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8 // C a l c u l a t i o n s
9 V=v*10^5; //The speed o f the e a r t h s f i r s t s a t e l l i t e

i n cm/ s
10 T=(M*V^2) /(3*R);//The tempera tu re at which i t

becomes e q u a l i n K
11

12 // Output
13 printf( ’ The t empera tu r e at which the r .m. s v e l o c i t y

o f a hydrogen m o l e c u l e \n w i l l be e q u a l to the
speed o f e a r t h s f i r s t s a t e l l i t e i s T = %3 . 4 g K ’ ,T
)

Scilab code Exa 5.20 Temperature

1 clc

2 clear

3 // Input data
4 t1=0; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
5

6 // C a l c u l a t i o n s
7 T1=t1 +273; //The g i v e n t empera tu r e i n K
8 T2 =(1/2) ^2*T1;//The tempera tu re at which the r .m. s

v e l o c i t y o f a gas be h a l f i t s v a l u e at 0 d e g r e e
c e n t i g r a d e i n K

9 T21=T2 -273; //The r e q u i r e d t empera tu r e i n d e g r e e
c e n t i g r a d e

10

11 // Output
12 printf( ’ The r e q u i r e d t empera tu r e i s T2 = %3 . 2 f K (

or ) %3 . 2 f d e g r e e c e n t i g r a d e ’ ,T2 ,T21)

Scilab code Exa 5.21 Mean free path
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1 clc

2 clear

3 // Input data
4 n=1.66*10^ -4; //The v i s c o s i t y o f the gas i n dynes /cm

ˆ2
5 C=4.5*10^4; //The R.M. S v e l o c i t y o f the m o l e c u l e s i n

cm/ s
6 d=1.25*10^ -3; //The d e n s i t y o f the gas i n g/ cc
7 N=6.023*10^23; //The Avogadro number
8 V=22400; //The volume o f a gas at N.T . P i n cc
9 pi =3.142; //The mathemat i ca l c o n s t a n t o f p i

10

11 // C a l c u l a t i o n s
12 L=(3*n)/(d*C);//The mean f r e e path o f the m o l e c u l e s

o f the gas i n cm
13 F=(C/L);//The f r e q u e n c y c o l l i s i o n i n per s e c
14 n=N/V;//Number o f m o l e c u l e s per cc
15 D=1/((1.414* pi*n*L)^(1/2));// Mo l e cu l a r d i amete r o f

the gas m o l e c u l e s i n cm
16

17 // Output
18 printf( ’ ( 1 ) The mean f r e e path o f the m o l e c u l e s o f

the gas i s %3 . 0 g cm \n ( 2 ) The f r e q u e n c y o f
c o l l i s i o n i s N = %3 . 0 g / s e c \n ( 3 ) Mo l e cu l a r
d i amete r o f the gas m o l e c u l e s i s d = %3 . 0 g cm ’ ,L
,F,D)

Scilab code Exa 5.22 Mean free path

1 clc

2 clear

3 // Input data
4 n=2.25*10^ -4; //The v i s c o s i t y o f the gas i n dynes /cm

ˆ2
5 C=4.5*10^4; //The RMS v e l o c i t y o f the m o l e c u l e s i n cm
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/ s
6 d=10^ -3; //The d e n s i t y o f the gas i n g/ cc
7

8 // C a l c u l a t i o n s
9 L=(3*n)/(d*C);//The mean f r e e path o f the m o l e c u l e s

i n cm
10

11 // Output
12 printf( ’ The mean f r e e path o f the m o l e c u l e s i s %3g

cm ’ ,L)

Scilab code Exa 5.23 Mean free path

1 clc

2 clear

3 // Input data
4 d=2*10^ -8; //The m o l e c u l a r d i amete r i n cm
5 n=3*10^19; //The number o f m o l e c u l e s per cc
6 pi =3.14; // Mathemat ica l c o n s t a n t o f p i
7

8 // C a l c u l a t i o n s
9 L=1/(( pi*(d)^2*n));//The mean f r e e path o f a gas

m o l e c u l e i n cm
10

11 // Output
12 printf( ’ The mean f r e e path o f a gas m o l e c u l e i s %3 . 0

g cm ’ ,L)

Scilab code Exa 5.24 Mean free path

1 clc

2 clear

3 // Input data
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4 p=760; //The g i v e n p r e s s u r e i n mm o f Hg
5 T=273; //The tempera tu re o f the chamber i n K
6 V=22400; //The volume o f the gas at N.T . P i n cc
7 p1=10^ -6; //The p r e s s u r e i n the chamber i n mm o f

mercury p r e s s u r e
8 N=6.023*10^23; //The Avogadro number
9 d=2*10^ -8; // Mo l e cu l a r d i amete r i n cm
10 pi =3.14; // Mathemat ica l c o n s t a n t o f p i
11

12 // C a l c u l a t i o n s
13 n=(N*p1)/(V*p);//The number o f m o l e c u l e s per cmˆ3 i n

the chamber i n m o l e c u l e s /cmˆ3
14 L=1/(pi*(d)^2*n);//The mean f r e e path o f the gas

m o l e c u l e s i n the chamber i n cm
15

16 // Output
17 printf( ’ The mean f r e e path o f gas m o l e c u l e s i n a

chamber i s %3 . 4 g cm ’ ,L)

Scilab code Exa 5.25 Van der Waals

1 clc

2 clear

3 // Input data
4 Tc=132; //The g i v e n t empera tu r e i n K
5 Pc =37.2; //The g i v e n p r e s s u r e i n atms
6 R=82.07; // U n i v e r s a l gas c o n s t a n t i n cmˆ3 atoms Kˆ−1
7

8 // C a l c u l a t i o n s
9 a=(27/64) *((R)^2*(Tc)^2)/Pc;// Vander Waals c o n s t a n t

i n atoms cmˆ6
10 b=((R*Tc)/(8*Pc));// Vander Waals c o n s t a n t i n cmˆ3
11

12 // Output
13 printf( ’ The Van der Waals c o n s t a n t s a r e , \n ( 1 ) a =
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%3. 4 g atoms cmˆ6 \n ( 2 ) b = %3 . 2 f cmˆ3 ’ ,a,b)
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Chapter 6

THERMODYNAMICS

Scilab code Exa 6.1 Heat

1 clc

2 clear

3 // Input data
4 H=80; //The Heat f l o w s i n t o the system i n j o u l e s
5 W=30; //The Work done by the system i n j o u l e s
6

7 // C a l c u l a t i o n s
8 U=H-W;//The i n t e r n a l ene rgy o f the system i n j o u l e s
9 W1=10; //The work done a l ong the path ADB i n j o u l e s

10 H1=W1+U;//The heat f l o w s i n t o the system a long the
path ADB i n j o u l e s

11 W2=-20; //The work done on the system from B to A i n
j o u l e s

12 H2=W2-U;//The heat l i b e r a t e d from B to A i n j o u l e s
13 Ua=0; // I n t e r n a l ene rgy at A i n j o u l e s
14 Ud=40; // I n t e r n a l ene rgy at D i n j o u l e s
15 Wa=10; //Work done from A to D i n j o u l e s
16 Wd=0; //Work done from D to B i n j o u l e s
17 Uc=50; // I n t e r n a l ene rgy at C i n j o u l e s
18 Had=(Ud -Ua)+Wa;// Heat absorbed i n the p r o c e s s AD i n

j o u l e s
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19 Hdb=Uc -Ud+Wd;// Heat absorbed i n the p r o c e s s DB i n
j o u l e s

20

21 // Output
22 printf( ’ ( a ) Heat f l o w s i n t o the system a long the path

ADB i s H = %3 . 0 f j o u l e s \n ( b ) The heat l i b e r a t e d
by the system i s H = %3 . 0 f j o u l e s \n ( c ) The heat
absorbed i n the p r o c e s s AD i s H = %3 . 0 f j o u l e s

and \n The heat absorbed i n the p r o c e s s DB i s
H = %3 . 0 f j o u l e s ’ ,H1 ,H2,Had ,Hdb)

Scilab code Exa 6.2 Temperature

1 clc

2 clear

3 // Input data
4 p=2; // Given P r e s s u r e o f a motor c a r t y r e i n atms
5 t=27; //The room tempera tu r e i n d e g r e e c e n t i g r a d e
6 g=1.4; // A d i a b a t i c index
7

8 // C a l c u l a t i o n s
9 P1=p;//The p r e s s u r e o f a motor c a r t y r e i n atms

10 T1=t+273; //The room tempera tu r e i n K
11 P2=1; //The s u r r o u n d i n g p r e s s u r e i n atms
12 T2=((P2/P1)^((g-1)/g))*T1;//The r e s u l t i n g

t empera tu re i n K
13 T21=T2 -273; //The r e s u l t i n g t empera tu r e i n d e g r e e

c e n t i g r a d e
14

15 // Output
16 printf( ’ The r e s u l t i n g t empera tu re i s T2 = %3 . 1 f K (

or ) %3 . 1 f d e g r e e c e n t i g r a d e ’ ,T2 ,T21)
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Scilab code Exa 6.3 Temperature

1 clc

2 clear

3 // Input data
4 t=27; //The room tempera tu r e o f a i r i n d e g r e e

c e n t i g r a d e
5 g=1.4; // A d i a b a t i c index
6

7 // C a l c u l a t i o n s
8 V1=1; // Let the O r i g i n a l volume i n cc
9 V2=V1/2; //The f i n a l volume i . e h a l f the o r i g i n a l

volume i n cc
10 P1=1; //The a tmosphe r i c p r e s s u r e i n atms
11 P2=P1*(V1/V2)^g;//The f i n a l p r e s s u r e i n atms
12 T1=t+273; //The room tempera tu r e i n K
13 T2=T1*(V1/V2)^(g-1);//The f i n a l t empera tu r e i n K
14 T21=T2 -273; //The f i n a l t empera tu r e i n d e g r e e

c e n t i g r a d e
15

16 // Output
17 printf( ’ ( 1 ) The f i n a l p r e s s u r e i s P2 = %3 . 3 f

a tmosphere s \n ( 2 ) The f i n a l t empera tu r e i s T2 =
%3 . 1 f K ( or ) %3 . 1 f d e g r e e c e n t i g r a d e ’ ,P2 ,T2,
T21)

Scilab code Exa 6.4 Temperature

1 clc

2 clear

3 // Input data
4 g=1.4; // A d i a b a t i c index
5

6 // C a l c u l a t i o n s
7 V1=1; // Let the i n i t i a l volume be i n cc
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8 V2=V1/2; //The f i n a l volume i s h a l f the i n i t i a l
volume i n cc

9 T1=1; // Let the i n i t i a l t empera tu r e o f a i r be i n K
10 T2=T1*(V1/V2)^(g-1);//The f i n a l t empera tu r e o f a i r

i n K
11 T=T2 -T1;//The change i n t empera tu r e o f a i r i n K
12

13 // Output
14 printf( ’ The change i n the t empera tu r e i s %3 . 3 fT1 K ’

,T)

Scilab code Exa 6.5 Temperature

1 clc

2 clear

3 // Input data
4 g=(5/3);// A d i a b a t i c index f o r monoatomic
5 t=27; //The room tempera tu r e i n d e g r e e c e n t i g r a d e
6 P1=1; //The i n i t i a l p r e s s u r e i n atmosphere
7 P2=50; //The f i n a l p r e s s u r e i n atmosphere
8

9 // C a l c u l a t i o n s
10 T1=t+273; //The room tempera tu r e i n K
11 T2=((P2/P1)^((g-1)/g))*T1;//The f i n a l t empera tu r e i n

K
12 T21=T2 -273; //The f i n a l t empera tu r e i n d e g r e e

c e n t i g r a d e
13

14 // Output
15 printf( ’ The F i n a l t empera tu re i s T2 = %3 . 0 f K ( or )

%3 . 0 f d e g r e e c e n t i g r a d e ’ ,T2 ,T21)

Scilab code Exa 6.6 Temperature
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1 clc

2 clear

3 // Input data
4 t=27; //The tempera tu re o f dry a i r i n d e g r e e

c e n t i g r a d e
5 g=1.4; // A d i a b a t i c index
6

7 // C a l c u l a t i o n s
8 V1=1; // Let us assume the i n i t i a l volume i n cc
9 V2=V1/3; //Then the f i n a l volume i s 1/3 o f the

i n i t i a l volume i n cc
10 T1=t+273; //The i n i t i a l t empera tu r e o f dry a i r i n K
11 T2=((V1/V2)^(g-1))*T1;//The f i n a l t empera tu r e o f a i r

i n K
12 T21=T2 -273; //The f i n a l t empera tu r e o f a i r i n d e g r e e

c e n t i g r a d e
13 T=T21 -t;//The change i n t empera tu r e i n d e g r e e

c e n t i g r a d e
14

15 // Output
16 printf( ’ ( 1 ) When the p r o c e s s i s s l ow the t empera tu r e

o f the system remains c o n s t a n t so , t h e r e i s no
change i n the t empera tu r e \n ( 2 ) When the
compre s s i on i s sudden then , \n The tempera tu r e o f

the a i r i n c r e a s e s by T = %3 . 1 f d e g r e e c e n t i g r a d e
( or ) %3 . 1 f K ’ ,T,T)

Scilab code Exa 6.7 Pressure

1 clc

2 clear

3 // Input data
4 g=1.4; // A d i a b a t i c index
5

6 // C a l c u l a t i o n s
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7 V1=1; // Let the i n i t i a l volume o f the gas i n cc
8 V2=3*V1;//Then the f i n a l volume o f the gas i s 3

t imes the i n i t i a l volume o f the gas i n cc
9 T1=273; // I n i t i a l t empera tu r e o f the gas at NTP i n K
10 T2=((V1/V2)^(g-1))*T1;//The r e s u l t i n g t empera tu r e i n

K
11 T21=T2 -273; //The r e s u l t i n g t empera tu r e i n d e g r e e

c e n t i g r a d e
12 P1=1; //The a tmosphe r i c p r e s s u r e i n atms
13 P2=((V1/V2)^(g))*P1;//The r e s u l t i n g a tmosphe r i c

p r e s s u r e i n atmosphere
14

15 // Output
16 printf( ’ ( 1 ) The r e s u l t i n g t empera tu r e i s T2 = %3 . 0 f K

( or ) %3 . 0 f d e g r e e c e n t i g r a d e \n ( 2 ) The
r e s u l t i n g p r e s s u r e i s P2 = %3 . 4 f atmosphere ’ ,T2 ,
T21 ,P2)

Scilab code Exa 6.8 Efficiency

1 clc

2 clear

3 // Input data
4 t1=100; //The tempera tu re at steam p o i n t i n d e g r e e

c e n t i g r a d e
5 t2=0; //The tempera tu re at i c e p o i n t i n d e g r e e

c e n t i g r a d e
6

7 // C a l c u l a t i o n s
8 T1=t1 +273; //The tempera tu re at steam p o i n t i n K
9 T2=t2 +273; //The tempera tu re at i c e p o i n t i n K
10 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the c a r n o t s

e n g i n e i n p e r c e n t
11

12 // Output
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13 printf( ’ The e f f i c i e n c y o f the Carnot e n g i n e i s %3 . 2 f
p e r c e n t ’ ,n)

Scilab code Exa 6.9 Efficiency

1 clc

2 clear

3 // Input data
4 t1=127; //The tempera tu re at i n i t i a l p o i n t i n d e g r e e

c e n t i g r a d e
5 t2=27; //The tempera tu re at f i n a l p o i n t i n d e g r e e

c e n t i g r a d e
6

7 // C a l c u l a t i o n s
8 T1=t1 +273; //The tempera tu re at i n i t i a l p o i n t i n K
9 T2=t2 +273; //The tempera tu re at f i n a l p o i n t i n K
10 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the c a r n o t s

e n g i n e i n p e r c e n t
11

12 // Output
13 printf( ’ The e f f i c i e n c y o f the Carnot e n g i n e i s %3 . 0 f

p e r c e n t ’ ,n)

Scilab code Exa 6.10 Temperature

1 clc

2 clear

3 // Input data
4 T1=400; //The tempera tu re o f the s o u r c e i n k
5 H1=200; //The amount o f heat taken by the e n g i n e at

T1 i n c a l o r i e s
6 H2=150; //The amount o f heat r e j e c t e d by the e n g i n e

to the s i n k i n c a l o r i e s
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7

8 // C a l c u l a t i o n s
9 T2=(H2/H1)*T1;//The tempera tu re o f the s i n k i n K
10 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the e n g i n e i n

p e r c e n t
11

12 // output
13 printf( ’ The t empera tu r e o f the s i n k i s T2 = %3 . 0 f K

\n The e f f i c i e n c y o f the e n g i n e i s %3 . 0 f p e r c e n t
’ ,T2 ,n)

Scilab code Exa 6.11 Work done

1 clc

2 clear

3 // Input data
4 T1=450; //The tempera tu re o f the s o u r c e i n k
5 H1 =1000; //The amount o f heat taken by the e n g i n e at

T1 i n c a l o r i e s
6 T2=350; //The tempera tu re o f the s i n k i n K
7

8 // C a l c u l a t i o n s
9 H2=(T2/T1)*H1;//The amount o f heat r e j e c t e d to the

s i n k i n each c y c l e i n c a l o r i e s
10 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the e n g i n e i n

p e r c e n t
11 W=H1 -H2;//The work done by the e n g i n e i n each c y c l e

i n c a l o r i e s
12 W1=W*4.2; //The work done by the e n g i n e i n each c y c l e

i n j o u l e s
13

14 // Output
15 printf( ’ The amount o f heat r e j e c t e d to the s i n k i n

each c y c l e i s H2 = %3 . 2 f c a l s \n The e f f i c i e n c y
o f the e n g i n e i s %3 . 2 f p e r c e n t \n The work done
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by the e n g i n e i n each c y c l e i s W = %3. 2 f j o u l e s ’ ,
H2 ,n,W1)

Scilab code Exa 6.12 Work done

1 clc

2 clear

3 // Input data
4 T1=300; //The h i g h e r t empera tu r e o f the r e s e r v o i r i n

K
5 T2=260; //The l owe r t empera tu r e o f the r e s e r v o i r i n K
6 H2=500; //The amount o f heat from the r e s e r v o i r at

the l owe r t empera tu re i n c a l o r i e s
7

8 // C a l c u l a t i o n s
9 H1=(T1/T2)*H2;//The amount o f heat r e j e c t e d to the

r e s e r v o i r at the h i g h e r t empera tu r e i n c a l o r i e s
10 W=(H1-H2)*4.2; //The amount o f work done i n each

c y c l e to o p e r a t e the r e f r i g e r a t o r i n j o u l e s
11

12 // Output
13 printf( ’ The amount o f heat r e j e c t e d to the r e s e r v o i r

at the h i g h e r t empera tu r e i s H1 = %3 . 2 f c a l \n
The amount o f work done i n each c y c l e to o p e r a t e
the r e f r i g e r a t o r i s W = %3. 2 f j o u l e s ’ ,H1 ,W)

Scilab code Exa 6.13 Performance

1 clc

2 clear

3 // Input data
4 T2=273; //The l owe r t empera tu r e o f the r e s e r v o i r f o r

a c a r n o t r e f r i g e r a t o r i n K
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5 T1 =27+273; //The h i g h e r t empera tu r e o f the r e s e r v o i r
f o r a c a r n o t r e f r i g e r a t o r i n K

6 H2 =1000*80; //The amount o f heat from the r e s e r v o i r
to the l owe r t empera tu r e i n c a l

7 J=4.2; //The one c a l o r i e i n j o u l e s
8

9 // C a l c u l a t i o n s
10 H1=(T1/T2)*H2;//The amount o f heat d i s c a r d e d to the

room i n c a l o r i e s
11 W=J*(H1-H2);//The work done by the r e f r i g e r a t o r i n

j o u l e s
12 C=H2/(H1-H2);//The c o e f f i c i e n t o f pe r f o rmance
13

14 // output
15 printf( ’ The amount o f heat d i s c a r d e d to the room i s

H1 = %3 . 0 f c a l \n The work done by the
r e f r i g e r a t o r i s W = %3. 4 g j o u l e s \n The
c o e f f i c i e n t o f pe r f o rmance o f the machine i s %3 . 2
f ’ ,H1 ,W,C)

Scilab code Exa 6.14 Temperature

1 clc

2 clear

3 // Input data
4 t2=7; //The l owe r t empera tu r e o f the r e s e r v o i r i n

d e g r e e c e n t i g r a d e
5 n=50; //The e f f i c i e n c y o f the c a r n o t e n g i n e i n

p e r c e n t
6 n1=70; // I t i s d e s i r e d to i n c r e a s e the e f f i c i e n c y i n

p e r c e n t
7

8 // C a l c u l a t i o n s
9 T2=t2 +273; //The l owe r t empera tu r e o f the r e s e r v o i r

i n K
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10 T1=T2/(1-(n/100));//The h i g h e r t empera tu r e o f the
r e s e r v o i r f o r 50% e f f i c i e n c y o f the e n g i n e i n K

11 T11=T2/(1-(n1/100));//The h i g h e r t empera tu r e o f the
r e s e r v o i r f o r 70% e f f i c i e n c y o f the e n g i n e i n K

12 T=T11 -T1;// I n c r e a s e i n t empera tu re f o r the change i n
e f f i c i e n c i e s i n K

13

14 // Output
15 printf( ’ The t empera tu r e o f the h igh t empera tu re

r e s e r v o i r shou ld be i n c r e a s e d by %3 . 0 f K ’ ,T)

Scilab code Exa 6.15 Efficiency

1 clc

2 clear

3 // Input data
4 T1=600; //The h i g h e r t empera tu r e o f the r e s e r v o i r i n

K
5 T2=300; //The l owe r t empera tu r e o f the r e s e r v o i r i n K
6 n1=52; //The e f f i c i e n c y c l a imed by the i n v e n t o r i n

p e r c e n t
7

8 // C a l c u l a t i o n s
9 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the c a r n o t

e n g i n e i n p e r c e n t
10

11 // Output
12 printf( ’ The e f f i c i e n c y o f the c a r n o t e n g i n e i s %3 . 0 f

p e r c e n t \n The e f f i c i e n c y c l a imed i s %3 . 0 f
p e r c e n t \n The e f f i c i e n c y o f the e n g i n e i s more
than the e f f i c i e n c y o f the c a r n o t e n g i n e \n . But
no e n g i n e can have an e f f i c i e n c y more than a
c a r n o t s eng ine , \n so h i s c l a im i s i n v a l i d ’ ,n,n1)
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Scilab code Exa 6.16 Power

1 clc

2 clear

3 // Input data
4 P=10^5; //The ave rage p r e s s u r e o f the steam i n a

doub le a c t i n g steam e n g i n e i n newtons /mˆ2
5 L=1; //The l e n g t h o f the s t r o k e i n m
6 A=0.15; //The a r ea o f the p i s t o n i n mˆ2
7 N=5; //Number o f s t r o k e s i n s t r o k e s per second
8

9 // C a l c u l a t i o n s
10 P=(2*P*L*A*N)/1000; //The power o f the e n g i n e i n

k i l o w a t t s
11

12 // Output
13 printf( ’ The power o f the e n g i n e i s %3 . 0 f k i l o w a t t s ’

,P)

Scilab code Exa 6.17 Temperature

1 clc

2 clear

3 // Input data
4 l=80; //The l a t e n t heat o f i c e i n c a l o r i e s per gram
5 V1 =1.091; //The s p e c i f i c volume o f 1 gram o f i c e at 0

d e g r e e c e n t i g r a d e i n cmˆ3
6 V2 =1.000; //The s p e c i f i c volume o f 1 gram o f water at

0 d e g r e e c e n t i g r a d e i n cmˆ3
7 p=1; //The p r e s s u r e i n atm
8 T=273; //The tempera tu re at 0 d e g r e e c e n t i g r a d e i n K
9

65



10 // C a l c u l a t i o n s
11 L=80*4.2*10^7; //The l a t e n t heat o f i c e i n e r g s
12 P=76*13.6*980; //The p r e s s u r e i n dynes /cmˆ2
13 T=(P*T*(V2-V1))/L;//The d e p r e s s i o n i n the m e l t i n g

p o i n t o f i c e produced by one atmosphere i n c r e a s e
o f p r e s s u r e i n K

14 T1=-T;//The d e c r e a s e i n the m e l t i n g p o i n t o f i c e
with an i n c r e a s e i n p r e s s u r e o f one atmosphere

15

16 // Output
17 printf( ’ The d e c r e a s e i n the m e l t i n g p o i n t o f i c e

with an i n c r e a s e , \n i n p r e s s u r e o f one
atmosphere i s %3 . 4 f K ( or ) %3 . 4 f d e g r e e
c e n t i g r a d e ’ ,T1 ,T1)

Scilab code Exa 6.18 Temperature

1 clc

2 clear

3 // input data
4 p=1; //The p r e s s u r e i n atm
5 V1 =1.000; //The s p e c i f i c volume o f one gram o f water

i n cmˆ3
6 V2 =1677; //The s p e c i f i c volume o f one gram o f steam

i n cmˆ3
7 l=540; // Latent heat o f v a p o r i s a t i o n o f steam i n c a l /

gram
8

9 // C a l c u l a t i o n s
10 P=76*13.6*980; //The p r e s s u r e i n dynes /cmˆ2
11 T=100+273; //The tempera tu re at 100 d e g r e e c e n t i g r a d e

i n K
12 L=l*4.2*10^7; //The l a t e n t heat o f v a p o u r i s a t i o n i n

e r g s
13 T=(P*T*(V2-V1))/L;//The i n c r e a s e i n the b o i l i n g
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p o i n t o f water with an i n c r e a s e i n p r e s s u r e o f
one atmosphere i n d e g r e e c e n t i g r a d e

14

15 // Output
16 printf( ’ The i n c r e a s e i n the b o i l i n g p o i n t o f water

with an i n c r e a s e , \n i n p r e s s u r e o f one
atmosphere i s %3 . 2 f d e g r e e c e n t i g r a d e ( or ) %3 . 2
f K ’ ,T,T)

Scilab code Exa 6.19 Temperature

1 clc

2 clear

3 // Input data
4 l=537; // Latent heat o f steam i n c a l /g
5 V2 =1674; //The s p e c i f i c volume o f one gram o f steam

i n cmˆ3
6 V1 =1.000; //The s p e c i f i c volume o f one gram o f water

i n cmˆ3
7 p=2.712; //The i n c r e a s e i n the p r e s s u r e i n cm o f Hg
8 t=100; //The b o i l i n g p o i n t o f water i n d e g r e e

c e n t i g r a d e
9

10 // C a l c u l a t i o n s
11 T=t+273; //The b o i l i n g p o i n t o f water i n K
12 P=p*13.6*980; //The i n c r e a s e i n the p r e s s u r e i n dynes

/cmˆ2
13 L=l*4.2*10^7; // Latent heat o f steam i n e r g s
14 T1=(P*T*(V2 -V1))/L;//The change i n the t empera tu r e

o f the b o i l i n g water when the p r e s s u r e i s
i n c r e a s e d i n K

15

16 // Output
17 printf( ’ The change i n t empera tu re o f b o i l i n g water

i s %3 . 0 f K ( or ) %3 . 0 f d e g r e e c e n t i g r a d e ’ ,T1 ,T1
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)

Scilab code Exa 6.20 Temperature

1 clc

2 clear

3 // Input data
4 l=4563; //The l a t e n t heat o f f u s i o n o f naphtha l ene i n

c a l /mol
5 V=18.7; //The i n c r e a s e i n volume o f f u s i o n i n cmˆ3/

mol
6 p=1; //The p r e s s u r e i n atm
7 t=80; //The m e l t i n g p o i n t o f naphtha l ene i n d e g r e e

c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 L=l*4.2*10^7; //The l a t e n t heat o f f u s i o n o f

naphtha l ene i n e r g s /mol
11 T=t+273; //The m e l t i n g p o i n t o f naphtha l ene i n K
12 P=76*13.6*980; //The p r e s s u r e i n dynes /cmˆ2
13 T1=(P*T*(V))/L;//The i n c r e a s e i n the m e l t i n g p o i n t

o f naphtha l ene with an i n c r e a s e i n p r e s s u r e o f
one atmosphere i n K

14

15 // Output
16 printf( ’ The i n c r e a s e i n the m e l t i n g p o i n t o f

naphtha l ene with an i n c r e a s e , \ n i n p r e s s u r e o f
one atmosphere i s %3 . 5 f K ( or ) %3 . 5 f d e g r e e
c e n t i g r a d e ’ ,T1 ,T1)

Scilab code Exa 6.21 Temperature

1 clc
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2 clear

3 // Input data
4 p1=80; //The under p r e s s u r e o f benzene i n cm o f Hg
5 t=80; //The normal b o i l i n g p o i n t o f benzene i n d e g r e e

c e n t i g r a d e
6 l=380; //The l a t e n t heat o f v a p o u r i s a t i o n i n j o u l e s /g
7 d2=4; // Dens i ty o f vapour at b o i l i n g p o i n t i n g/ l i t r e
8 d1=0.9; // Dens i ty o f l i q u i d i n g/cmˆ3
9

10 // C a l c u l a t i o n s
11 p=p1 -76; //The change i n p r e s s u r e i n cm o f Hg
12 P=p*13.6*980; //The change i n p r e s s u r e i n dynes /cmˆ2
13 T=t+273; //The normal b o i l i n g p o i n t o f benzene i n K
14 L=l*10^7; // Latent heat o f v a p o u r i s a t i o n i n e r g s /g
15 V1=1/d1;//The s p e c i f i c volume o f l i q u i d i n cmˆ3
16 V2 =1000/ d2;//The s p e c i f i c volume o f vapour i n cmˆ3
17 T1=(P*T*(V2 -V1))/L;//The i n c r e a s e i n the b o i l i n g

p o i n t o f benzene i n K
18 T2=t+T1;//The b o i l i n g p o i n t o f benzene at a p r e s s u r e

o f 80 cm o f Hg i n d e g r e e c e n t i g r a d e
19

20 // Output
21 printf( ’ The b o i l i n g p o i n t o f benzene at a p r e s s u r e

o f 80 cm o f Hg i s %3 . 3 f d e g r e e c e n t i g r a d e ’ ,T2)

Scilab code Exa 6.22 Temperature

1 clc

2 clear

3 // Input data
4 t=100; //The b o i l i n g p o i n t o f water i n d e g r e e

c e n t i g r a d e
5 p1=1; // I n i t i a l p r e s s u r e i n atm
6 p2 =1.10; // F i n a l p r e s s u r e i n atm
7 l=537; // Latent heat o f water at 100 d e g r e e
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c e n t i g r a d e i n c a l /g
8 V1=1; //The s p e c i f i c volume o f one gram o f water i n

cmˆ3
9 V2 =1676; //The s p e c i f i c volume o f one gram o f steam

i n cmˆ3
10

11 // C a l c u l a t i o n s
12 p=p2 -p1;//The change i n p r e s s u r e i n atm
13 P=p*76*13.6*980; //The change i n p r e s s u r e i n dynes /cm

ˆ2
14 T=t+273; //The b o i l i n g p o i n t o f water i n K
15 L=l*4.2*10^7; //The l a t e n t heat o f water at 100

d e g r e e c e n t i g r a d e i n e r g s /g
16 T1=(P*T*(V2 -V1))/L;//The change i n b o i l i n g p o i n t o f

water i n K ( or ) d e g r e e c e n t i g r a d e
17

18 // Output
19 printf( ’ The i n c r e a s e i n the b o i l i n g p o i n t o f water

with an i n c r e a s e , \ n o f 0 . 1 atmosphere p r e s s u r e i s
%3 . 3 f K ( or ) %3 . 3 f d e g r e e c e n t i g r a d e ’ ,T1 ,T1)

Scilab code Exa 6.23 Temperature

1 clc

2 clear

3 // Input data
4 p1=1; //The a tmosphe r i c p r e s s u r e i n atm
5 p2=100; //The g i v e n p r e s s u r e i n atm
6 d1 =0.917; //The d e n s i t y o f i c e i n g/cmˆ3
7 l=336; //The l a t e n t heat o f i c e i n j /g
8

9 // C a l c u l a t i o n s
10 p=p2 -p1;//The change i n p r e s s u r e i n atms
11 P=p*76*13.6*980; //The change i n p r e s s u r e i n dynes /cm

ˆ2
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12 L=l*10^7; //The l a t e n t heat o f i c e i n e r g s /g
13 T=273; //The tempera tu re o f m e l t i n g p o i n t o f i c e i n K
14 V2=1; //The s p e c i f i c volume o f one gram o f water i n

cmˆ3
15 V1=1/d1;//The s p e c i f i c volume o f i c e i n cmˆ3
16 T1=(T*P*(V2 -V1))/L;//The change i n the m e l t i n g p o i n t

o f i c e i n K
17 T2=-T1;//The d e c r e a s e i n the m e l t i n g p o i n t o f i c e i n

K ( or ) d e g r e e c e n t i g r a d e
18

19 // Output
20 printf( ’ The d e c r e a s e i n the m e l t i n g p o i n t o f i c e , \ n

with a p r e s s u r e o f 100 atmosphere s i s %3 . 4 f
d e g r e e c e n t i g r a d e ’ ,T2)

Scilab code Exa 6.24 Pressure

1 clc

2 clear

3 // Input data
4 l=79.6; // l a t e n t heat o f i c e i n c a l /g
5 V2=1; //The s p e c i f i c volume o f water at 0 d e g r e e

c e n t i g r a d e i n cmˆ3
6 V1 =1.091; //The s p e c i f i c volume o f i c e at 0 d e g r e e

c e n t i g r a d e i n cmˆ3
7 p=1.013*10^6; //One a tmosphe r i c p r e s s u r e i n dynes /cm

ˆ3
8 T=-1; //The change i n t empera tu r e i n K
9 T1=273; //The tempera tu re o f water at 0 d e g r e e

c e n t i g r a d e i n K
10 p1=1; //The a tmosphe r i c p r e s s u r e i n atm
11

12 // C a l c u l a t i o n s
13 L=l*4.18*10^7; //The l a t e n t heat o f i c e i n e r g s /g
14 P=((L*T)/(T1*(V2-V1)*p));//The change i n p r e s s u r e i n
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atmosphere s
15 P1=P+p1;//The p r e s s u r e r e q u i r e d i n atmosphere s
16

17 // Output
18 printf( ’ The p r e s s u r e r e q u i r e d to l owe r m e l t i n g p o i n t

o f i c e , \ n by 1 d e g r e e c e n t i g r a d e i s %3 . 1 f
a tmosphere s ’ ,P1)

Scilab code Exa 6.25 Latent heat

1 clc

2 clear

3 // Input data
4 t=100; //The tempera tu re at which water b o i l s i n

d e g r e e c e n t i g r a d e
5 p2=787; //The p r e s s u r e at which water b o i l s i n mm o f

Hg
6 J=4.2*10^7; // J o u l e i n e r g s / c a l
7 p1=760; //The a tmosphe r i c p r e s s u r e i n mm o f Hg
8 V2 =1601; //The s p e c i f i c volume o f 1 g o f water at 100

d e g r e e c e n t i g r a d e i n cmˆ3
9 V1=1; //The s p e c i f i c volume o f 1 g o f water at 0

d e g r e e c e n t i g r a d e i n cmˆ3
10

11 // C a l c u l a t i o n s
12 T=t+273; //The tempera tu re at which water b o i l s i n K
13 T1=1; //The d i f f e r e n c e i n the t empera tu re i n K
14 p=p2 -p1;//The d i f f e r e n c e i n the p r e s s u r e i n mm o f Hg
15 P=(p/10) *13.6*980; //The d i f f e r e n c e i n the p r e s s u r e

i n dynes /cmˆ2
16 L=(T*P*(V2-V1))/T1;//The l a t e n t heat o f steam i n

e r g s /g
17 L1=L/J;//The l a t e n t heat o f steam i n c a l /g
18

19 // Output
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20 printf( ’ The Latent heat o f steam i s L = %3 . 1 f c a l /g
’ ,L1)

Scilab code Exa 6.26 Temperature

1 clc

2 clear

3 // Input data
4 T=600; //The m e l t i n g p o i n t o f l e a d i n K
5 d1 =11.01; // I n i t i a l d e n s i t y o f the l e a d i n g/cmˆ3
6 d2 =10.65; //The f i n a l d e n s i t y o f the l e a d i n g/cmˆ3
7 l=24.5; //The l a t e n t heat o f f u s i o n o f l e a d i n j /g
8 p1=1; //The a tmosphe r i c p r e s s u r e i n atmosphere s
9 p2=100; //The g i v e n p r e s s u r e i n atmosphere s

10

11 // C a l c u l a t i o n s
12 p=p2 -p1;//The change i n p r e s s u r e i n atmosphere s
13 P=p*76*13.6*980; //The change i n p r e s s u r e i n dynes /cm

ˆ2
14 L=l*10^7; //The l a t e n t heat o f f u s i o n o f l e a d i n e r g s

/g
15 V1=1/d1;//The i n i t i a l s p e c i f i c volume o f the l e a d i n

cmˆ3
16 V2=1/d2;//The f i n a l s p e c i f i c volume o f the l e a d i n

cmˆ3
17 T1=(T*P*(V2 -V1))/L;//The change i n the t empera tu r e

i n K
18 T2=T+T1;// Me l t ing p o i n t o f l e a d at 100 atmosphere s

p r e s s u r e i n K
19

20 // Output
21 printf( ’ The m e l t i n g p o i n t o f l e a d at a p r e s s u r e o f

100 atmosphere s i s %3 . 4 f K ’ ,T2)
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Scilab code Exa 6.28 Pressure

1 clc

2 clear

3 // Input data
4 t2=120; //The g i v e n t empera tu r e f o r the water to b o i l

i n d e g r e e c e n t i g r a d e
5 t1=100; //The a c t u a l b o i l i n g p o i n t o f water i n d e g r e e

c e n t i g r a d e
6 V=1676; //The change i n s p e c i f i c volume i n cmˆ3
7 l=540; // Latent heat o f steam i n c a l /g
8 J=4.2*10^7; // j o u l e i n e r g s / c a l
9

10 // C a l c u l a t i o n s
11 T1=t2-t1;//The change i n t empera tu r e i n d e g r e e

c e n t i g r a d e ( or ) K
12 T=t1+273; //The b o i l i n g p o i n t o f water i n K
13 L=l*J;//The l a t e n t heat o f steam i n e r g s /g
14 p=1; //The a tmosphe r i c p r e s s u r e i n atmosphere s
15 P=(L*T1)/(T*V);//The change i n p r e s s u r e i n dynes /cm

ˆ2
16 P1=P/10^6; //The change i n p r e s s u r e i n atmosphere s
17 P2=P1+p;//The r e q u i r e d p r e s s u r e i n atmosphere s
18

19 // Output
20 printf( ’ The r e q u i r e d p r e s s u r e i s %3 . 4 f a tmosphere s ’

,P2)

Scilab code Exa 6.29 Entropy

1 clc

2 clear
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3 // Input data
4 l=80; // Latent heat o f i c e i n c a l /g
5 m=10; // Mass o f i c e i n g
6 T=273; //The tempera tu re o f i c e i n K
7

8 // C a l c u l a t i o n s
9 H=m*l;// Heat absorbed by 10 g o f i c e at 273 K when

i t i s c o n v e r t e d i n t o water at 273 K i n c a l
10 S=H/T;//The ga in i n ent ropy i n c a l /K
11

12 // Output
13 printf( ’ The ga in i n ent ropy i s %3 . 2 f c a l /K ’ ,S)

Scilab code Exa 6.30 Entropy

1 clc

2 clear

3 // Input data
4 m=5; // Mass o f water i n kg
5 t=100; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
6 l=540; // Latent heat o f water at 100 d e g r e e

c e n t i g r a d e i n c a l /g
7

8 // C a l c u l a t i o n s
9 T=t+273; //The tempera tu re o f water i n K

10 M=m*1000; // Mass o f water i n g
11 H=M*l;// Heat absorbed by 5 kg o f water at 100 d e g r e e

c e n t i g r a d e when i t i s c o n v e r t e d i n t o steam at
100 d e g r e e c e n t i g r a d e i n c a l

12 S=H/T;//The ga in i n ent ropy i n c a l /K
13

14 // Output
15 printf( ’ The ga in i n ent ropy i s %3 . 0 f c a l /K ’ ,S)
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Scilab code Exa 6.31 Entropy

1 clc

2 clear

3 // Input data
4 m=1; // mass o f i c e i n g
5 t1=-10; //The g i v e n t empera tu r e o f i c e i n d e g r e e

c e n t i g r a d e
6 t2=100; //The g i v e n t empera tu r e o f steam i n d e g r e e

c e n t i g r a d e
7 S=0.5; // S p e c i f i c heat o f i c e
8 s=1; // S p e c i f i c heat o f water
9 l1=80; // Latent heat o f i c e i n c a l /g

10 l2=540; // Latent heat o f steam i n c a l /g
11

12 // C a l c u l a t i o n s
13 T=273; //The tempera tu re o f i c e at 0 d e g r e e

c e n t i g r a d e i n K
14 T1=t1 +273; //The g i v e n t empera tu r e o f i c e i n K
15 T2=t2 +273; //The g i v e n t empera tu r e o f steam i n K
16 S1=m*S*2.3026* log10(T/T1);// I n c r e a s e i n ent ropy when

the t empera tu r e o f 1 gram o f i c e i n c r e a s e s from
−10 to 0 d e g r e e c e n t i g r a d e i n c a l /K

17 S2=l1/T;// I n c r e a s e i n ent ropy when 1 g o f i c e at 0
d e g r e e c e n t i g r a d e i s c o n v e r t e d i n t o water at 0
d e g r e e c e n t i g r a d e i n c a l /K

18 S3=m*s*2.3026* log10(T2/T);// I n c r e a s e i n ent ropy when
1 g o f water r a i s e d from 0 to 100 d e g r e e

c e n t i g r a d e i n c a l /K
19 S4=l2/T2;// I n c r e a s e i n ent ropy when 1g water at 100

d e g r e e c e n t i g r a d e i s c o n v e r t e d i n t o steam at 100
d e g r e e c e n t i g r a d e i n c a l /K

20 S5=S1+S2+S3+S4;// Tota l i n c r e a s e i n ent ropy i n c a l /K
21
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22 // Output
23 printf( ’ The t o t a l i n c r e a s e i n ent ropy i s %3 . 5 f c a l /

K ’ ,S5)

Scilab code Exa 6.32 Entropy

1 clc

2 clear

3 // Input data
4 V1=1; // Let us assume the i n i t i a l volume be one i n cc
5 V2=4*V1;//Then the f i n a l volume i s f o u r t imes the

i n i t i a l volume i n cc
6

7 // C a l c u l a t i o n s
8 S=2.3026*( log10(V2/V1));//The ga in i n ent ropy i n

terms o f the gas c o n s t a n t i n c a l /K
9

10 // Output
11 printf( ’ The ga in i n ent ropy i n terms o f the gas

c o n s t a n t i s %3 . 3 f (R/J ) c a l /K ’ ,S)

Scilab code Exa 6.33 Entropy

1 clc

2 clear

3 // Input data
4 m1=50; // Mass o f water at 0 d e g r e e c e n t i g r a d e i n g
5 m2=50; // Mass o f water at 83 d e g r e e c e n t i g r a d e i n g
6 t1=0; //The tempera tu re o f water i n d e g r e e c e n t i g r a d e
7 t2=83; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
8

9 // C a l c u l a t i o n s
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10 T1=t1 +273; // Temperature o f water i n K
11 T2=t2 +273; // Tempearture o f water i n K
12 s=1; //The s p e c i f i c heat o f water
13 T=((m2*s*T2)+(m1*s*T1))/((m1+m2)*s);//The f i n a l

t empera tu re o f the mixture i n K
14 S1=(m1*s*log(T/T1));//The change i n ent ropy by 50 g

o f water when i t s t empera tu r e r i s e s from 273 K to
313 K i n c a l /K

15 S2=(m2*s*log(T/T2));//The change i n ent ropy by 50 g
o f water when i t s t empera tu r e f a l l s from 353 K to

313 K i n c a l /K
16 S3=S1+S2;//The t o t a l ga in i n the ent ropy o f the

system i n c a l /K
17

18 // Output
19 printf( ’ The t o t a l ga in i n ent ropy o f the system i s

%3 . 3 f c a l /K ’ ,S3)

Scilab code Exa 6.34 Entropy

1 clc

2 clear

3 // Input data
4 m1=50; // Mass o f water at 15 d e g r e e c e n t i g r a d e i n g
5 m2=80; // Mass o f water at 40 d e g r e e c e n t i g r a d e i n g
6 t1=15; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
7 t2=40; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 T1=t1 +273; // Temperature o f water i n K
11 T2=t2 +273; // Tempearture o f water i n K
12 s=1; //The s p e c i f i c heat o f water
13 T=((m2*s*T2)+(m1*s*T1))/((m1+m2)*s);//The f i n a l
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t empera tu re o f the mixture i n K
14 S1=(m1*s*log(T/T1));//The change i n ent ropy by 50 g

o f water when i t s t empera tu r e r i s e s from 288 K to
3 0 3 . 4 K i n c a l /K

15 S2=(m2*s*log(T/T2));//The change i n ent ropy by 80 g
o f water when i t s t empera tu r e f a l l s from 313 K to

3 0 3 . 4 K i n c a l /K
16 S3=S1+S2;//The t o t a l ga in i n the ent ropy o f the

system i n c a l /K
17

18 // Output
19 printf( ’ The net i n c r e a s e i n the ent ropy o f the

system i s %3 . 3 f c a l /K ’ ,S3)

Scilab code Exa 6.35 Entropy

1 clc

2 clear

3 // Input data
4 m1=10; // Mass o f steam i n g
5 t1=100; //The tempera tu re o f the steam i n d e g r e e

c e n t i g r a d e
6 m=90; // mass o f water i n g
7 t2=0; //The tempera tu re o f water i n d e g r e e c e n t i g r a d e
8 m2=m+m1;//The t o t a l mass o f water i n g
9 l=540; //The l a t e n t heat o f steam i n c a l /g
10

11 // C a l c u l a t i o n s
12 T1=t1 +273; //The tempera tu re o f the steam i n K
13 T2=t2 +273; //The tempera tu re o f the water i n K
14 T=((m1*l)+(m1*T1)+(m2*T2))/(m1+m2);//The f i n a l

t empera tu re i n K
15 S1=m2*log(T/T2);//The change i n ent ropy when the

t empera tu re o f water and c a l o r i m e t e r r i s e s from
273 K to 3 3 1 . 2 K i n c a l /K
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16 S2=-(m1*l)/T1;//The change i n ent ropy when 10 grams
o f steam at 373 K conden s e s to water at 373K i n
c a l /K

17 S3=m1*log(T/T1);// Change i n ent ropy when 10 g o f
water at 373 K i s c o o l e d to water at 3 3 1 . 2 K i n
c a l /K

18 S4=S1+S2+S3;// Net change i n ent ropy i n c a l /K
19

20 // Output
21 printf( ’ The net i n c r e a s e i n the ent ropy o f the

system i s %3 . 3 f c a l /K ’ ,S4)

Scilab code Exa 6.36 Entropy

1 clc

2 clear

3 // Input data
4 m=1; // Mass o f water i n g
5 t1=20; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
6 t2=-10; //The tempera tu re o f i c e i n d e g r e e c e n t i g r a d e
7 s1=4.2; // Heat c a p a c i t y f o r one gram o f water i n J/g−

K
8 s2=2.1; // Heat c a p a c i t y f o r i c e i n J/g−K
9 li=335; // Latent heat o f f u s i o n o f i c e at 0 d e g r e e

c e n t i g r a d e i n J/g
10

11 // C a l c u l a t i o n s
12 T=273; //The tempera tu re o f water at 0 d e g r e e

c e n t i g r a d e i n K
13 T1=t1 +273; //The tempera tu re o f water i n K
14 T2=t2 +273; //The tempera tu re o f i c e i n K
15 S1=m*s1*log(T/T1);// Change i n ent ropy when the

t empera tu re o f 1 g o f water at 293 K f a l l s to 273
K i n J/K
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16 S2=-(m*li)/T;// Change i n ent ropy when 1 g o f water
at 273 K i s c o n v e r t e d i n t o i c e at 273 K i n J/K

17 S3=m*s2*log(T2/T);// Change i n ent ropy when the
t empera tu re o f 1 g o f i c e at 273 K f a l l s to 263 K

i n J/K
18 S4=S1+S2+S3;//The t o t a l change i n ent ropy o f the

system i n J/K
19

20 // Output
21 printf( ’ The t o t a l change i n the ent ropy o f the

system i s %3 . 5 f J/K \n ( Nega t i v e s i g n i n d i c a t e s
tha t t h e r e i s d e c r e a s e i n the ent ropy o f the

system ) ’ ,S4)

Scilab code Exa 6.37 Entropy

1 clc

2 clear

3 // Input data
4 M=1; // Mass o f water i n kg
5 m=M*1000; // Mass o f water i n g
6 T1=273; //The tempera tu re o f the water i n K
7 T2=373; //The tempera tu re o f the heat r e s e r v o i r i n K
8 s=1; // S p e c i f i c heat o f water
9

10 // C a l c u l a t i o n s
11 S1=m*s*log(T2/T1);// I n c r e a s e i n ent ropy when the

t empera tu re o f 1000 g o f water i s r a i s e d from 273
K to 373 k i n c a l /K

12 S2=-(m*s*(T2 -T1))/T2;// Change i n ent ropy o f the
r e s e r v o i r i n c a l /K

13 S=S1+S2;// Change i n ent ropy o f the u n i v e r s e i n c a l /K
14

15 // Output
16 printf( ’ ( 1 ) The change i n ent ropy o f water when

81



t empera tu re r e a c h e s 373 K i s %3 . 0 f c a l /K \n ( 2 )
( i ) The Change i n ent ropy o f the r e s e r v o i r i s %3
. 1 f c a l /K \n ( i i ) The Change i n ent ropy o f the
u n i v e r s e i s %3 . 1 f c a l /K ’ ,S1 ,S2,S)

Scilab code Exa 6.42 Pressure

1 clc

2 clear

3 // Input data
4 l=540; // Latent heat o f v a p o u r i s a t i o n o f steam i n c a l

/g
5 L=l*4.2*10^7; // Latent heat o f v a p o u r i s a t i o n o f steam

i n e r g s /g
6 V=1676; //The change i n s p e c i f i c volume when 1 g o f

water i s c o n v e r t e d i n t o steam i n cc
7 t1=100; //The a c t u a l b o i l i n g t empera tu r e o f water i n

d e g r e e c e n t i g r a d e
8 t2=150; //The g i v e n t empera tu r e at which water must

b o i l i n d e g r e e c e n t i g r a d e
9 p=1; //The a tmosphe r i c p r e s s u r e i n atmosphere s

10

11 // C a l c u l a t i o n s
12 T1=t1 +273; //The a c t u a l b o i l i n g t empera tu r e o f water

i n K
13 T2=t2 +273; //The g i v e n t empera tu r e at which water

must b o i l i n K
14 T=T2 -T1;//The change i n t empera tu r e i n K
15 P=(L*T)/(T1*V);//The p r e s s u r e i n dynes /cmˆ2
16 P1=P/10^6; //The p r e s s u r e i n atmosphere s
17 P2=P1+p;//The p r e s s u r e at which water would b o i l a t

150 d e g r e e c e n t i g r a d e i n atmosphere s
18

19 // Output
20 printf( ’ The p r e s s u r e at which water would b o i l a t
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150 d e g r e e c e n t i g r a d e i s %3 . 3 f a tmosphere s ’ ,P2)

Scilab code Exa 6.43 Pressure

1 clc

2 clear

3 // Input data
4 l=80; // Latent heat o f f u s i o n o f i c e i n c a l /g
5 L=l*4.2*10^7; // Latent heat o f f u s i o n i n e r g s /g
6 V=0.091; //The change i n s p e c i f i c volume when 1 g o f

water f r e e z e s i n t o i c e i n cc
7 t1=0; //The a c t u a l f r e e z i n g p o i n t o f i c e i n d e g r e e

c e n t i g r a d e
8 t2=-1; //The g i v e n t empera tu r e at which i c e must

f r e e z e i n d e g r e e c e n t i g r a d e
9 p=1; //The a tmosphe r i c p r e s s u r e i n atmosphere s

10

11 // C a l c u l a t i o n s
12 T1=t1 +273; //The a c t u a l f r e e z i n g p o i n t o f i c e i n K
13 T2=t2 +273; //The g i v e n t empera tu r e at which i c e must

f r e e z e i n K
14 T=T1 -T2;//The change i n t empera tu r e i n K
15 P=(L*T)/(V*T1);//The p r e s s u r e i n dynes /cmˆ2
16 P1=P/10^6; //The p r e s s u r e i n atmosphere s
17 P2=P1+p;//The p r e s s u r e under which i c e would f r e e z e

i n atmosphere s
18

19 // Output
20 printf( ’ The p r e s s u r e under which i c e would f r e e z e at

−1 d e g r e e c e n t i g r a d e i s %3 . 1 f a tmosphere s ’ ,P2)

Scilab code Exa 6.44 Specific heat
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1 clc

2 clear

3 // Input data
4 t=100; //The g i v e n t empera tu r e o f water i n d e g r e e

c e n t i g r a d e
5 C1 =1.01; //The s p e c i f i c heat o f water at 100 d e g r e e

c e n t i g r a d e i n c a l /g
6 L= -0.64; //The r a t e at which the l a t e n t heat o f

v a p o u r i s a t i o n d e c r e a s e s with r i s e i n t empera tu r e
i n c a l /K

7 l=540; //The l a t e n t heat o f v a p o u r i s a t i o n o f steam i n
c a l

8

9 // C a l c u l a t i o n s
10 T=t+273; //The g i v e n t empera tu r e o f water i n K
11 C2=L-(l/T)+C1;//The s p e c i f i c heat o f s a t u r a t e d steam

i n c a l /g
12

13 // Output
14 printf( ’ The s p e c i f i c heat o f s a t u r e t e d steam i s %3

. 3 f c a l /g \n ( The s p e c i f i c heat o f s a t u r a t e d
steam i s n e g a t i v e ) ’ ,C2)

Scilab code Exa 6.45 Specific heat

1 clc

2 clear

3 // Input data
4 t=100; //The tempera tu re o f s a t u r a t e d steam i n d e g r e e

c e n t i g r a d e
5 L1 =545.25; //The l a t e n t heat o f s a t u r a t e d steam at 90

d e g r e e c e n t i g r a d e i n c a l
6 L2 =539.30; //The l a t e n t heat o f s a t u r a t e d steam at

100 d e g r e e c e n t i g r a d e i n c a l
7 L3 =533.17; //The l a t e n t heat o f s a t u r a t e d steam at
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110 d e g r e e c e n t i g r a d e i n c a l
8 C1 =1.013; //The s p e c i f i c heat o f water at 100 d e g r e e

c e n t i g r a d e i n c a l /g
9

10 // C a l c u l a t i o n s
11 T=t+273; //The tempera tu re o f s a t u r a t e d steam i n K
12 L=(L3-L1)/(110 -90);//The r a t e at which the l a t e n t

heat o f s a t u r a t e d steam d e c r e a s e s with r i s e i n
t empera tu re i n c a l /K

13 C2=C1+L-(L2/T);//The s p e c i f i c heat o f s a t u r a t e d
steam at 100 d e g r e e c e n t i g r a d e i n c a l /g

14

15 // Output
16 printf( ’ The s p e c i f i c heat o f s a t u r a t e d steam at 100

d e g r e e c e n t i g r a d e i s %3 . 3 f c a l /g ’ ,C2)
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Chapter 8

TRANSMISSION OF HEAT

Scilab code Exa 8.1 Conductivity of iron

1 clc

2 clear

3 // Input data
4 l1=10; // Length o f the copper rod i n cm
5 l2=4; // Length o f the i r o n rod i n cm
6 K1=0.9; //The therma l c o n d u c t i v i t y o f copper
7

8 // C a l c u l a t i o n s
9 K2=(l2^2/l1^2)*K1;//The Thermal c o n d u c t i v i t y o f i r o n
10

11 // Output
12 printf( ’ The therma l c o n d u c t i v i t y o f i r o n i s K2 = %3

. 3 f ’ ,K2)

Scilab code Exa 8.2 Heat

1 clc

2 clear
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3 // Input data
4 K=0.2; //The therma l c o n d u c t i v i t y o f the p l a t e
5 d=0.2; //The t h i c k n e s s o f the p l a t e i n cm
6 A=20; //The a r ea o f the p l a t e i n cmˆ2
7 T=100; //The tempera tu re d i f f e r e n c e i n d e g r e e

c e n t i g r a d e
8 t=60; //The g i v e n t ime i n s e c o n d s
9

10 // C a l c u l a t i o n s
11 Q=(K*A*T*t)/d;//The q u a n t i t y o f heat tha t w i l l f l o w

through the p l a t e i n one minute i n c a l
12

13 // Output
14 printf( ’ The q u a n t i t y o f heat tha t w i l l f l o w through

the p l a t e i n one minute i s Q = %3 . 4 g c a l ’ ,Q)

Scilab code Exa 8.3 Heat

1 clc

2 clear

3 // Input data
4 l=30; //The l e n g t h o f the bar i n cm
5 A=5; //The un i fo rm area o f c r o s s s e c t i o n o f a bar i n

cmˆ2
6 ta=200; //The tempera tu re ma inta ined at the end A i n

d e g r e e c e n t i g r a d e
7 tc=0; //The tempera tu re ma inta ined at the end C i n

d e g r e e c e n t i g r a d e
8 Kc=0.9; //The therma l c o n d u c t i v i t y o f copper
9 Ki =0.12; //The therma l c o n d u c t i v i t y o f i r o n

10

11 // C a l c u l a t i o n s
12 T=((Kc*A*ta)+(Ki*A*tc))/((Kc+Ki)*A);//The

tempera tu re a f t e r the s t ea dy s t a t e i s r eached i n
d e g r e e c e n t i g r a d e
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13 Q=(Kc*A*(ta-T))/(l/2);//The r a t e o f f l o w o f heat
a l ong the bar when the s t ea dy s t a t e i s r eached i n

c a l / s e c
14

15 // Output
16 printf( ’ The r a t e o f f l o w o f heat a l ong the bar when

the s t eady s t a t e i s r ea ched i s Q = %3 . 2 f c a l / s ’ ,
Q)

Scilab code Exa 8.4 Temperature

1 clc

2 clear

3 // Input data
4 d1 =1.75; //The t h i c k n e s s o f the wood i n cm
5 d2=3; //The t h i c k n e s s o f the co rk i n cm
6 t2=0; //The tempera tu re o f the i n n e r s u r f a c e o f the

co rk i n d e g r e e c e n t i g r a d e
7 t1=12; //The tempera tu re o f the o u t e r s u r f a c e o f the

wood i n d e g r e e c e n t i g r a d e
8 K1 =0.0006; //The therma l c o n d u c t i v i t y o f wood
9 K2 =0.00012; //The therma l c o n d u c t i v i t y o f co rk
10

11 // C a l c u l a t i o n s
12 T=(((K1*t1)/d1)+((K2*t2)/d2))/((K1/d1)+(K2/d2));//

The tempera tu re o f the i n t e r f a c e i n d e g r e e
c e n t i g r a d e

13

14 // Output
15 printf( ’ The t empera tu r e o f the i n t e r f a c e i s T = %3 . 2

f d e g r e e c e n t i g r a d e ’ ,T)

Scilab code Exa 8.5 Time
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1 clc

2 clear

3 // Input data
4 x1=3; //The t h i c k n e s s o f the i c e l a y e r on the s u r f a c e

o f a pond i n cm
5 x=1; //The i n c r e a s e i n the t h i c k n e s s o f the i c e when

the t empera tu r e i s ma inta ined at −20 d e g r e e
c e n t i g r a d e i n mm

6 x2=x1+(x/10);//The i n c r e a s e d t h i c k n e s s o f the i c e
l a y e r on the s u r f a c e o f a pond i n cm

7 T=-20; //The tempera tu re o f the s u r r o u n d i n g a i r i n
d e g r e e c e n t i g r a d e

8 d=0.91; //The d e n s i t y o f i c e at 0 d e g r e e c e n t i g r a d e
i n g/cmˆ3

9 L=80; //The l a t e n t heat o f i c e i n c a l /g
10 K=0.005; //The therma l c o n d u c t i v i t y o f i c e
11

12 // C a l c u l a t i o n s
13 t=((d*L)/(2*K*(-T)))*(x2^2-x1^2);//The t ime taken to

i n c r e a s e i t s t h i c k n e s s by 1 mm i n s e c
14 t1=t/60; //The t ime taken to i n c r e a s e i t s t h i c k n e s s

by 1 mm i n min
15

16 // Output
17 printf( ’ The t ime taken to i n c r e a s e i t s t h i c k n e s s by

1 mm i s t = %3 . 2 f s ’ ,t)

Scilab code Exa 8.6 Time

1 clc

2 clear

3 // Input data
4 x1=10; //The t h i c k n e s s o f the i c e l a y e r on the

s u r f a c e o f a pond i n cm
5 x=5; //The i n c r e a s e i n the t h i c k n e s s o f the i c e when
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the t empera tu r e i s ma inta ined at −10 d e g r e e
c e n t i g r a d e i n cm

6 x2=x1+(x);//The i n c r e a s e d t h i c k n e s s o f the i c e l a y e r
on the s u r f a c e o f a pond i n cm

7 T=-10; //The tempera tu re o f the s u r r o u n d i n g a i r i n
d e g r e e c e n t i g r a d e

8 d=0.90; //The d e n s i t y o f i c e at 0 d e g r e e c e n t i g r a d e
i n g/cmˆ3

9 L=80; //The l a t e n t heat o f i c e i n c a l /g
10 K=0.005; //The therma l c o n d u c t i v i t y o f i c e
11

12 // C a l c u l a t i o n s
13 t=((d*L)/(2*K*(-T)))*(x2^2-x1^2);//The t ime taken to

i n c r e a s e i t s t h i c k n e s s by 5 cm i n s e c
14 t1=t/(60*60);//The t ime taken to i n c r e a s e i t s

t h i c k n e s s by 5 cm i n hours
15

16 // Output
17 printf( ’ The t ime taken to i n c r e a s e i t s t h i c k n e s s by

5 cm i s t = %3 . 0 g s ( or ) %3 . 0 f hours ’ ,t,t1)

Scilab code Exa 8.7 Rate of energy transfer

1 clc

2 clear

3 // input data
4 T1=300; //The tempera tu re ma inta ined on one s p h e r e (

b l a c k body r a d i a t o r ) i n K
5 T2=200; //The tempera tu re ma inta ined on anothe r

s p h e r e ( b l a c k body r a d i a t o r ) i n K
6 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n M.K. S u n i t s
7

8 // C a l c u l a t i o n s
9 R=s*(T1^4-T2^4);//The net r a t e o f ene rgy t r a n s f e r

between the two s p h e r e s i n watt s /mˆ2
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10

11 // output
12 printf( ’ The net r a t e o f ene rgy t r a n s f e r between the

two s p h e r e s i s R = %3 . 2 f watt s /mˆ2 ’ ,R)

Scilab code Exa 8.8 Radiant

1 clc

2 clear

3 // Input data
4 T1=400; //The g i v e n t empera tu r e o f a b l a c k body i n K
5 T2 =4000; //The g i v e n t empera tu r e o f a b l a c k body i n K
6 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n M.K. S u n i t s
7

8 // C a l c u l a t i o n s
9 R1=s*T1^4; //The r a d i a n t e m i t t an c e o f a b l a c k body at

400 k i n watt s /mˆ2
10 R2=(s*T2^4) /1000; //The r a d i a n t e m i t t a nc e o f a b l a c k

body at 4000 k i n k i l o−watt s /mˆ2
11

12 // Output
13 printf( ’ The Radiant e m i t t a n c e o f a b l a c k body at a

t empera tu re o f ,\n ( i ) 400 K i s R = %3 . 0 f watt s
/mˆ2 \n ( i i ) 4000 K i s R = %3 . 0 f k i l o−watt s /mˆ2
’ ,R1 ,R2)

Scilab code Exa 8.9 Emittance

1 clc

2 clear

3 // Input data
4 e=0.35; //The r e l a t i v e e m i t t a n c e o f t u n g s t e n

91



5 A=10^ -3; //The s u r f a c e a r ea o f a t u n g s t e n s p h e r e i n m
ˆ2

6 T1=300; //The tempera tu re o f the w a l l s i n K
7 T2 =3000; //The tempera tu re to be ma inta ined by the

s p h e r e i n K
8 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n M.K. S u n i t s
9

10 // C a l c u l a t i o n s
11 R=s*A*e*(T2^4-T1^4);//The power input r e q u i r e d to

ma inta in the s p h e r e at 3000 K i n watt s
12

13 // Output
14 printf( ’ The power input r e q u i r e d to mainta in the

s p h e r e at 3000 K i s R = %3 . 0 f watt s ’ ,R)

Scilab code Exa 8.10 Rate of heat transfer

1 clc

2 clear

3 // Input data
4 e=0.1; //The r e l a t i v e e m i t t an c e o f an aluminium f o i l
5 T1=300; //The tempera tu re o f one s p h e r e i n K
6 T2=200; //The tempera tu re o f ano the r s p h e r e i n K
7 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n M.K. S u n i t s
8

9 // C a l c u l a t i o n s
10 x=(((T1^4+T2^4)/2) ^(1/4));//The tempera tu re o f the

f o i l a f t e r the s t eady s t a t e i s r ea ched i n K
11 R=e*s*(T1^4-x^4);//The r a t e o f ene rgy t r a n s f e r

between one o f the s p h e r e s and f o i l i n watt s /mˆ2
12

13 // Output
14 printf( ’ ( 1 ) The t empera tu re o f the f o i l a f t e r the

s t eady s t a t e r eached i s x = %3 . 1 f K \n ( 2 ) The
r a t e o f ene rgy t r a n s f e r between the s p h e r e and
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the f o i l i s R = %3 . 1 f watt s /mˆ2 ’ ,x,R)

Scilab code Exa 8.11 Energy radiated

1 clc

2 clear

3 // Input data
4 A=5*10^ -5; //The s u r f a c e a r ea o f the f i l a m e n t i n mˆ2
5 e=0.85; //The r e l a t i v e e m i t t an c e o f the f i l a m e n t
6 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n M.K. S u n i t s
7 t=60; //The t ime i n s e c o n d s
8 T=2000; //The tempera tu re o f the f i l a m e n t o f an

i n c a n d e s c e n t lamp i n K
9

10 // C a l c u l a t i o n s
11 E=A*e*s*t*(T^4);//The ene rgy r a d i a t e d from the

f i l a m e n t i n j o u l e s
12

13 // Output
14 printf( ’ The ene rgy r a d i a t e d from the f i l a m e n t i s E =

%3 . 0 f j o u l e s ’ ,E)

Scilab code Exa 8.12 Temperature

1 clc

2 clear

3 // Input data
4 E=1.53*10^5; //The ene rgy r a d i a t e d from an i r o n

f u r n a c e i n c a l o r i e s per hour
5 A=10^ -4; //The c r o s s s e c t i o n a r ea o f an i r o n f u r n a c e

i n mˆ2
6 e=0.8; //The r e l a t i v e e m i t t an c e o f the f u r n a c e
7 t=3600; //The t ime i n s e c o n d s
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8 s=1.36*10^ -8; // S t e f a n s c o n s t a n t i n c a l /mˆ2−s−Kˆ4
9

10 // C a l c u l a t i o n s
11 T=((E)/(A*e*s*t))^(1/4);//The tempera tu re o f the

f u r n a c e i n K
12

13 // Output
14 printf( ’ The t empera tu r e o f the f u r n a c e i s T = %3 . 0 f

K ’ ,T)

Scilab code Exa 8.13 Temperature

1 clc

2 clear

3 // Input data
4 S=2.3; // S o l a r c o n s t a n t i n c a l /cmˆ2/ minute
5 r=7*10^10; //The r a d i u s o f the sun i n cm
6 R=1.5*10^13; //The d i s t a n c e between the sun and the

e a r t h i n cm
7 s=1.37*10^ -12; // S t e f a n s c o n s t a n t i n c a l /cmˆ2/ s
8

9 // C a l c u l a t i o n s
10 E=(S/60)*(R/r)^(2);//The ene rgy r a d i a t e d from the

sun i n c a l / s
11 T=(E/s)^(1/4);//The b l a c k body tempera tu r e o f the

sun i n K
12

13 // Output
14 printf( ’ The b l a c k body tempera tu r e o f the sun i s T =

%3 . 0 f K ’ ,T)
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Chapter 9

STATISTICAL
THERMODYNAMICS

Scilab code Exa 9.1 Relative probabilities

1 clc

2 clear

3 // Input data
4 N=6000; //Number o f p a r t i c l e s i n a system
5 e=3; //The number o f ene rgy s t a t e s with e q u a l s p a c i n g
6 n1 =3000; //Number o f p a r t i c l e s i n the l owe r l e v e l
7 n2 =2500; //Number o f p a r t i c l e s i n the middle l e v e l
8 n3=500; //Number o f p a r t i c l e s i n the upper l e v e l
9 n11 =3001; //Number o f p a r t i c l e s i n the l owe r l e v e l i n

the second c a s e
10 n22 =2498; //Number o f p a r t i c l e s i n the middle l e v e l

i n the second c a s e
11 n33 =501; //Number o f p a r t i c l e s i n the upper l e v e l i n

the second c a s e
12 g=1; // Let us assume the p r o b a b i l i t y o f l o c a t i n g a

p a r t i c l e i n a c e r t a i n ene rgy s t a t e i s one
13

14 // C a l c u l a t i o n s
15 P1 =1/(2500*2499);//The p r o b a b i l i t y i n the f i r s t c a s e
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16 P2 =1/(3001*501);//The p r o b a b i l i t y i n the second c a s e
17 P=P2/P1;// Comparing the r e l a t i v e p r o b a b i l i t i e s
18

19 // Output
20 printf( ’By comparing the r e l a t i v e p r o b a b i l i t i e s P =

%3 . 1 f \n ( I t means the t r a n s f e r o f one p a r t i c l e
from the middle to the \n upper and the l owe r
s t a t e has changed the p r o b a b i l i t y by a f a c t o r %3
. 1 f \n Hence both the d i s t r i b u t i o n s a r e not near
the e q u i l i b r i u m s t a t e ) ’ ,P,P)
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Chapter 10

Appendix 2

Scilab code Exa 10.1 Kinetic energy

1 clc

2 clear

3 // page number 470
4 // Input data
5 T=300; //The g i v e n t empera tu r e i n K
6 R=8.31; // U n i v e r s a l gas c o n s t a n t i n J/ mole−K
7

8 // C a l c u l a t i o n s
9 U=(3/2)*R*T;//The t o t a l random k i n e t i c ene rgy o f one

gram mole o f oxygen i n J
10

11 // Output
12 printf( ’ The t o t a l random k i n e t i c ene rgy o f one gram

mole o f oxygen i s U = %3 . 0 f J ’ ,U)

Scilab code Exa 10.2 Temperature

1 clc
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2 clear

3 // Page number 470
4 // Input data
5 a=0.245; //Van der Waals c o n s t a n t i n atoms− l i t r e ˆ2−

moleˆ−2
6 b=2.67*10^ -2; //Van der Waals c o n s t a n t i n l i t r e −mole

ˆ−1
7 R=8.314*10^7; // U n i v e r s a l gas c o n s t a n t i n e r g s / mole−K
8

9 // C a l c u l a t i o n s
10 a1=a*76*13.6*980*10^6; //Van der Waals c o n s t a n t i n

dynes−cmˆ4−moleˆ−2
11 b1=b*10^3; //Van der Waals c o n s t a n t i n cmˆ3 moleˆ−1
12 Tc =(8/27) *(a1/b1)*(1/R);//The c r i t i c a l t empera tu re

i n K
13 Tc1=Tc -273; //The c r i t i c a l t empera tu re i n d e g r e e

c e n t i g r a d e
14

15 // Output
16 printf( ’ The c r i t i c a l t empera tu r e i s Tc = %3 . 2 f K (

or ) %3 . 2 f d e g r e e c e n t i g r a d e ’ ,Tc ,Tc1)

Scilab code Exa 10.3 Avogadro number

1 clc

2 clear

3 // Page number 470
4 // Input data
5 t=0; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
6 E=5.64*10^ -21; //The mean k i n e t i c ene rgy o f m o l e c u l e s

o f hydrogen i n J
7 R=8.32; // U n i v e r s a l gas c o n s t a n t i n J/ mole−K
8

9 // C a l c u l a t i o n s
10 T=t+273; //The g i v e n t empera tu r e i n K
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11 N=(3/2) *(R/E)*(T);// Avogadros number
12

13 // Output
14 printf( ’ The Avogadro number i s N = %3 . 4 g ’ ,N)

Scilab code Exa 10.4 Mean free path

1 clc

2 clear

3 // Page number 471
4 // Input data
5 d=2*10^ -8; //The d iamete r o f the m o l e c u l e o f a gas i n

cm
6 k=1.38*10^ -23; // Boltzmanns c o n s t a n t i n J/K
7 T=273; //The tempera tu re at NTP i n K
8 pi =3.14; //The mathemat i ca l c o n s t a n t o f p i
9

10 // C a l c u l a t i o n s
11 d1=d/100; //The d iamete r o f the m o l e c u l e o f a gas i n

m
12 P=0.76*13.6*9.8*1000; //The p r e s s u r e at NTP
13 n=P/(k*T);//The number o f m o l e c u l e s per c u b i c meter
14 l=1/(pi*d1^2*n);//The mean f r e e path i n m
15

16 // Output
17 printf( ’ The mean f r e e path at NTP i s %3 . 4 g m ’ ,l)

Scilab code Exa 10.6 Mean free path

1 clc

2 clear

3 // Page number 472
4 // Input data
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5 n=3*10^25; //The number o f m o l e c u l e s per c u b i c metre
6 d=3.6*10^ -10; //The d iamete r o f oxygen m o l e c u l e i n m
7 M=32; // Mo l e cu l a r we ight o f oxygen
8 N=6.023*10^26; // Avogadro number
9 k=1.38*10^ -23; // Boltzmans c o n s t a n t i n J/K
10 T=273; //The tempera tu re at NTP i n K
11 pi =3.14; //The mathemat i ca l c o n s t a n t o f p i
12

13 // C a l c u l a t i o n s
14 m=M/N;//The mass o f oxygen atom i n kg
15 V=((8*k*T)/(pi*m))^(1/2);// Average speed o f oxygen

m o l e c u l e at 273K i n m/ s
16 c=pi*d^2*V*n;//The c o l l i s i o n f r e q u e n c y o f the

m o l e c u l e s
17 l=1/(pi*d^2*n);//The mean f r e e path i n m
18

19 // Output
20 printf( ’ ( a ) The c o l l i s i o n f r e q u e n c y o f the m o l e c u l e s

i s %3 . 2 g c o l l i s i o n s / second \n ( b ) The mean f r e e
path i s %3 . 4 g m ’ ,c,l)

Scilab code Exa 10.7 Pressure

1 clc

2 clear

3 // Page number 472
4 // Input data
5 d=9000; //The d e n s i t y o f copper i n kg /mˆ3
6 w=63.5; //The atomic we ight o f copper i n kg
7 N=6.023*10^26; // Avogadros number
8 pi =3.14; // Mathemat ica l c o n s t a n t o f p i
9 h=6.624*10^ -34; // Planks c o n s t a n t i n Js

10

11 // C a l c u l a t i o n s
12 V=w/d;//The volume o f copper i n mˆ3
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13 Ef=((h^2/(8*9*10^ -31))*((3/pi)*(N/V))^(2/3))

/(1.6*10^ -19);//The f e r m i ene rgy i n eV
14 P=(2/3) *(N/V)*Ef;//The p r e s s u r e at a b s o l u t e z e r o f o r

copper i n N/mˆ2
15

16 // Output
17 printf( ’ ( a ) The Fermi ene rgy i s E = %3 . 3 f eV \n ( b )

The p r e s s u r e at a b s o l u t e z e r o f o r copper i s P =
%3 . 6 g N/mˆ2 ’ ,Ef ,P)

Scilab code Exa 10.8 Gas

1 clc

2 clear

3 // Page number 473
4 // Input data
5 p1=80; //The i n i t i a l p r e s s u r e o f a gas i n cm o f Hg
6 p2=60; //The f i n a l p r e s s u r e o f a gas i n cm o f Hg
7 v2 =1190; //The f i n a l volume o c c u p i e d by a gas i n cc
8 v1 =1000; //The i n i t i a l volume o c c u p i e d by a gas i n cc
9

10 // C a l c u l a t i o n s
11 g=(log10(p1/p2))/( log10(v2/v1));//The a d i a b a t i c

index
12

13 // Output
14 printf( ’ The a d i a b a t i c index i s %3 . 3 f ’ ,g)

Scilab code Exa 10.9 Work done

1 clc

2 clear

3 // Page number 473
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4 // Input data
5 t=27; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
6 R=8.3; // U n i v e r s a l gas c o n s t a n t i n J/ deg mole
7

8 // C a l c u l a t i o n s
9 T=t+273; //The g i v e n t empera tu r e i n K
10 v1=1; // Let the o r i g i n a l volume be i n cc
11 v2=2*v1;//The f i n a l volume i n cc
12 W=R*T*log(v2/v1);//The work done i n J
13

14 // Output
15 printf( ’ The work done i s W = %3. 1 f J ’ ,W)

Scilab code Exa 10.10 temperature

1 clc

2 clear

3 // Page number 474
4 // Input data
5 t1=27; //The i n i t i a l t empera tu r e o f the gas i n d e g r e e

c e n t i g r a d e
6 T1=t1 +273; //The i n i t i a l t empera tu r e o f the gas i n K
7 g=1.5; //The a d i a b a t i c index
8 p=8; //The r a t i o o f f i n a l p r e s s u r e to the i n i t i a l

p r e s s u r e
9

10 // C a l c u l a t i o n s
11 T2=((p)^((g-1)/g))*T1;//The f i n a l t empera tu r e o f the

gas i n K
12 T21=T2 -273; //The f i n a l t empera tu r e o f the gas i n

d e g r e e c e n t i g r a d e
13

14 // Output
15 printf( ’ The f i n a l t empera tu r e o f the gas i s T2 = %3

. 0 f K ( or ) %3 . 0 f d e g r e e c e n t i g r a d e ’ ,T2 ,T21)
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Scilab code Exa 10.11 Temperature

1 clc

2 clear

3 // Page number 475
4 // Input data
5 n=0.3; //The e f f i c i e n c y o f a c a r n o t e n g i n e
6 t=27; //The tempera tu re o f the s i n k i n d e g r e e

c e n t i g r a d e
7 n1=0.5; //The i n c r e a s e d e f f i c i e n c y o f a c a r n o t e n g i n e
8

9 // C a l c u l a t i o n s
10 T2=t+273; //The tempera tu re o f the s i n k i n K
11 T1=T2/(1-n);//The tempera tu re o f the s o u r c e f o r 0 . 3

e f f i c i e n c y i n K
12 T11=T2/(1-n1);//The tempera tu re o f the s o u r c e f o r

0 . 5 e f f i c i e n c y i n K
13 T=T11 -T1;//The i n c r e a s e i n t empera tu r e i n K
14

15 // Output
16 printf( ’ The i n c r e a s e i n t empera tu r e i s T = %3 . 2 f K ’

,T)

Scilab code Exa 10.12 Efficiency

1 clc

2 clear

3 // Page number 475
4 // Input data
5 T1 =2100; //One o f the o p e r a t i n g t empera tu r e i n K
6 T2=700; //One o f the ano the r o p e r a t i n g t empera tu r e i n

K
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7 n1=40; //The a c t u a l e f f i c i e n c y o f the e n g i n e i n
p e r c e n t

8

9 // C a l c u l a t i o n s
10 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the e n g i n e i n

p e r c e n t
11 n2=(n1/n)*100; //The p e r c e n t a g e o f a c t u a l e f f i c i e n c y

to the maximum p o s s i b l e e f f i c i e n c y i n p e r c e n t
12

13 // Output
14 printf( ’ The p e r c e n t a g e o f a c t u a l e f f i c i e n c y to the

maximum p o s s i b l e e f f i c i e n c y i s %3 . 0 f p e r c e n t ’ ,n2
)

Scilab code Exa 10.13 Efficiency

1 clc

2 clear

3 // Page number 475
4 // Input data
5 T1=600; //The work ing t empera tu re o f the e n g i n e i n K
6 T2=300; //The anothe r work ing t empera tu re o f the

e n g i n e i n K
7 n=52; // E f f i c i e n c y o f the e n g i n e c l a imed by the

i n v e n t o r i n p e r c e n t
8

9 // C a l c u l a t i o n s
10 n1=(1-(T2/T1))*100; //The c a r n o t e f f i c i e n c y o f the

e n g i n e i n p e r c e n t
11

12 // Output
13 printf( ’ The e f f i c i e n c y o f the e n g i n e c l a imed by

i n v e n t o r i s n = %3 . 0 f p e r c e n t \nThe c a r n o t
e f f i c i e n c y o f the e n g i n e i s n = %3 . 0 f p e r c e n t \n
( The e f f i c i e n c y c l a imed i s more than the c a r n o t s
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e n g i n e e f f i c i e n c y \n No e n g i n e can have
e f f i c i e n c y more than c a r n o t s e f f i c i e n c y \n Hence
the c l a im i s i n v a l i d ) ’ ,n,n1)

Scilab code Exa 10.14 Work done

1 clc

2 clear

3 // Page number 476
4 // Input data
5 H1 =10^4; //The heat absorbed by a c a r n o t s e n g i n e i n

c a l o r i e s
6 t1=627; //The tempera tu re from a r e s e r v o i r i n d e g r e e

c e n t i g r a d e
7 t2=27; //The tempera tu re o f the s i n k i n d e g r e e

c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 T1=t1 +273; //The tempera tu re o f the r e s e r v o i r i n K
11 T2=t2 +273; //The tempera tu re o f the s i n k i n K
12 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f the e n g i n e i n

p e r c e n t
13 H2=H1*(T2/T1);//The heat r e j e c t e d to the s i n k i n

c a l o r i e s
14 W=(H1-H2)*4.2; //The work done by the e n g i n e i n J
15

16 // Output
17 printf( ’ The e f f i c i e n c y o f the e n g i n e i s n = %3 . 2 f

p e r c e n t \n The work done by the e n g i n e i s W = %3
. 2 g J ’ ,n,W)

Scilab code Exa 10.15 Efficiency
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1 clc

2 clear

3 // Page number 476
4 // Input data
5 w=100; //The g i v e n power o f an e n g i n e i n kW
6 t1=117; //The o p e r a t i n g t empera tu r e o f an e n g i n e i n

d e g r e e c e n t i g r a d e
7 t2=17; //The anothe r o p e r a t i n g t empera tu r e o f an

e n g i n e i n d e g r e e c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 T1=t1 +273; //The o p e r a t i n g t empera tu r e o f an e n g i n e

i n K
11 T2=t2 +273; //The anothe r o p e r a t i n g t empera tu r e o f an

e n g i n e i n K
12 W=w*1000; //The g i v e n power o f an e n g i n e i n J/ s
13 n=(1-(T2/T1))*100; //The e f f i c i e n c y o f an e n g i n e i n

p e r c e n t
14 H=(T1/T2);//The amount o f heat absorbed to the

amount o f heat r e j e c t e d
15 H2=W/(H-1);//The amount o f heat r e j e c t e d per second

i n J/ s
16 H1=H*H2;//The amount o f heat absorbed per second i n

J/ s
17

18 // Output
19 printf( ’ ( i ) The amount o f heat absorbed i s %3 . 0 g J/ s

\n ( i i ) The amount o f heat r e j e c t e d i s %3 . 0 g J/ s \
n ( i i i ) The e f f i c i e n c y o f the e n g i n e i s %3 . 1 f
p e r c e n t ’ ,H1 ,H2,n)

Scilab code Exa 10.16 Entropy

1 clc

2 clear
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3 // Page number 477
4 // Input data
5 m1=10; //The mass o f water at 60 d e g r e e c e n t i g r a d e i n

g
6 m2=30; //The mass o f water at 20 d e g r e e c e n t i g r a d e i n

g
7 t1=60; //The tempera tu re o f 10 g water i n d e g r e e

c e n t i g r a d e
8 t2=20; //The tempera tu re o f 30 g water i n d e g r e e

c e n t i g r a d e
9

10 // C a l c u l a t i o n s
11 T1=t1 +273; //The tempera tu re o f 10 g water i n K
12 T2=t2 +273; //The tempera tu re o f 30 g water i n K
13 T=((m1*T1)+(m2*T2))/(m1+m2);//The f i n a l t empera tu r e

o f water i n K
14 s1=m1*log(T/T1);//The change i n ent ropy o f 10 g water

from 333 to 303 K i n c a l /K
15 s2=m2*log(T/T2);//The change i n ent ropy o f 30 g water

from 293 to 303 K i n c a l /K
16 s=s1+s2;//The t o t a l ga in i n the ent ropy o f the

system i n c a l /K
17

18 // Output
19 printf( ’ The change i n ent ropy i s %3 . 4 f c a l /K ’ ,s)

Scilab code Exa 10.17 Entropy

1 clc

2 clear

3 // Page number 478
4 m=10; //The g i v e n amount o f water i n kg
5 t1=100; //The tempera tu re o f water i n d e g r e e

c e n t i g r a d e
6 L=540; //The l a t e n t heat o f v a p o u r i s a t i o n o f steam i n
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c a l
7

8 // C a l c u l a t i o n s
9 m1=m*1000; //The g i v e n amount o f water i n g
10 T1=t1 +273; //The tempera tu re o f water i n K
11 S=(m1*L)/T1;//The i n c r e a s e i n ent ropy i n c a l /K
12

13 // Output
14 printf( ’ The i n c r e a s e i n ent ropy i s %3 . 0 f c a l /K ’ ,S)

Scilab code Exa 10.18 Entropy

1 clc

2 clear

3 // Page number 478
4 // Input data
5 m=50; //The g i v e n amount o f water i n g
6 t1=10; //The i n i t i a l t empera tu r e o f water i n d e g r e e

c e n t i g r a d e
7 t2=90; //The f i n a l t empera tu r e o f water i n d e g r e e

c e n t i g r a d e
8

9 // C a l c u l a t i o n s
10 T1=t1 +273; //The i n i t i a l t empera tu r e o f water i n K
11 T2=t2 +273; //The f i n a l t empera tu r e o f water i n K
12 S=m*log(T2/T1);//The i n c r e a s e i n ent ropy i n c a l /K
13

14 // Output
15 printf( ’ The i n c r e a s e i n ent ropy i s %3 . 3 f c a l /K ’ ,S)

Scilab code Exa 10.19 Entropy

1 clc
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2 clear

3 // Page number 479
4 // Input data
5 m=10; //The g i v e n amount o f i c e i n g
6 T1=273; //The i n i t i a l t empera tu r e o f i c e i n K
7 T2=373; //The f i n a l t empera tu r e o f steam i n K
8 L1=80; //The l a t e n t heat o f i c e i n c a l /g
9 L2=540; //The l a t e n t heat o f v a p o u r i s a t i o n o f steam

i n c a l
10

11 // C a l c u l a t i o n s
12 s1=(m*L1)/T1;// I n c r e a s e i n ent ropy from i c e at 273K

to water at 273K i n c a l /K
13 s2=(m)*log(T2/T1);// I n c r e a s e i n ent ropy from water

at 273K to water at 373K i n c a l /K
14 s3=(m*L2)/T2;// I n c r e a s e i n ent ropy from water at 373

K to steam at 373K i n c a l /K
15 s=s1+s2+s3;//The t o t a l i n c r e a s e i n ent ropy i n c a l /K
16

17 // Output
18 printf( ’ The t o t a l i n c r e a s e i n ent ropy i s %3 . 2 f c a l /K

’ ,s)

Scilab code Exa 10.20 Entropy

1 clc

2 clear

3 // Page number 479
4 // Input data
5 m=1; //The g i v e n amount o f n i t r o g e n i n g
6 t1=50; //The i n i t i a l t empera tu r e o f n i t r o g e n i n

d e g r e e c e n t i g r a d e
7 t2=100; //The f i n a l t empera tu r e o f n i t r o g e n i n d e g r e e

c e n t i g r a d e
8 Cv =0.18; // Molar s p e c i f i c heat o f n i t r o g e n
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9 w=28; // Mo l e cu l a r we ight o f n i t r o g e n
10

11 // C a l c u l a t i o n s
12 T1=t1 +273; //The i n i t i a l t empera tu r e o f n i t r o g e n i n K
13 T2=t2 +273; //The f i n a l t empera tu r e o f n i t r o g e n i n K
14 S=(Cv/w);//The S p e c i f i c heat o f n i t r o g e n
15 s=m*S*log(T2/T1);//The change i n ent ropy i n c a l /K
16

17 // Output
18 printf( ’ The change i n ent ropy i s %3 . 4 g c a l /K ’ ,s)

Scilab code Exa 10.21 Temperature

1 clc

2 clear

3 // Page number 480
4 // Input data
5 p=135.2; //The g i v e n i n c r e a s e i n the p r e s s u r e i n

atmosphere s
6 V= -0.091; //The g i v e n i n c r e a s e i n the s p e c i f i c volume

when 1g o f water f r e e z e s i n t o i c e i n cmˆ3
7 L=80; // Latent heat o f f u s i o n o f i c e i n c a l /gram
8 T=273; //The tempera tu re o f i c e i n K
9

10 // C a l c u l a t i o n s
11 L1=L*4.18*10^7; //The l a t e n t heat o f f u s i o n o f i c e i n

e r g s /g
12 P=p*1.013*10^6; //The g i v e n i n c r e a s e i n the p r e s s u r e

i n dynes /cmˆ2
13 t=(P*T*V)/L1;//The tempera tu re at which i c e w i l l

f r e e z e i n d e g r e e c e n t i g r a d e
14 t1=t+273; //The tempera tu re at which i c e w i l l f r e e z e

i n K
15

16 // C a l c u l a t i o n s

110



17 printf( ’ The t empera tu r e at which i c e w i l l f r e e z e i s
%3 . 0 f d e g r e e c e n t i g r a d e ( or ) %3 . 0 f K ’ ,t,t1)

Scilab code Exa 10.22 Entropy

1 clc

2 clear

3 // Page number 480
4 // Input data
5 m=1; //The g i v e n amount o f water i n kg
6 s=1000; //The s p e c i f i c heat o f water i n c a l /kg−K
7 T1=273; //The i n i t i a l t empera tu r e o f water i n K
8 T2=373; //The tempera tu re o f the heat r e s e r v o i r i n K
9

10 // C a l c u l a t i o n s
11 S=m*s*log(T2/T1);//The i n c r e a s e i n ent ropy i n c a l /K
12

13 // Output
14 printf( ’ The i n c r e a s e i n the ent ropy o f water i s %3 . 0

f c a l /K ’ ,S)

Scilab code Exa 10.23 Entropy

1 clc

2 clear

3 // Page number 480
4 // input data
5 m=0.0273; //The g i v e n amount o f i c e i n kg
6 L=80; //The l a t e n t heat o f f u s i o n o f i c e i n c a l /gram
7 T=273; //The tempera tu re o f i c e i n K
8

9 // C a l c u l a t i o n s
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10 L1=L*1000; //The l a t e n t heat o f f u s i o n o f i c e i n c a l /
kg

11 S=(m*L1 *4.2)/T;//The change i n ent ropy i n J/K
12

13 // Output
14 printf( ’ The change i n ent ropy i s %3 . 1 f J/K ’ ,S)

Scilab code Exa 10.24 Temperature

1 clc

2 clear

3 // Page number 481
4 // Input data
5 t1=27; //The g i v e n i n i t i a l t empera tu r e i n d e g r e e

c e n t i g r a d e
6 p=50; //The r educe i n the p r e s s u r e i n atmosphere s
7 a=13.2*10^ -2; //Van der Waals c o n s t a n t i n Nmˆ4 moleˆ−2
8 b=31.2*10^ -6; //Van der Waals c o n s t a n t i n moleˆ−1mˆ3
9 R=8.3; // U n i v e r s a l gas c o n s t a n t i n JKˆ−1( mole ) ˆ−1
10 Cp=3.5; //The s p e c i f i c heat at c o n s t a n t p r e s s u r e
11 M=32; // Mo l e cu l a r we ight o f oxygen
12

13 // C a l c u l a t i o n s
14 T=t1+273; //The g i v e n i n i t i a l t empera tu r e i n K
15 P=p*0.76*13.6*1000*9.8; //The r educe i n the p r e s s u r e

i n N/mˆ2
16 T1=((P)/(4.2*M*Cp*R))*(((2*a)/(R*T))-b);//The drop

i n the t empera tu r e i n K
17

18 // Output
19 printf( ’ The drop i n the t empera tu r e i s %3 . 4 f K ’ ,T1)

Scilab code Exa 10.25 Specific heat
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1 clc

2 clear

3 // Page number 481
4 // Input data
5 T=300; //The tempera tu re o f the m e t a l l i c copper d i s c

i n K
6 Cp =24.5; //The s p e c i f i c heat at c o n s t a n t p r e s s u r e i n

J/mol K
7 a=50.4*10^ -6; //The c o e f f i c i e n t o f the rma l expans i on

i n Kˆ−1
8 K=7.78*10^ -12; // I s o t h e r m a l c o m p r e s s i b i l i t y i n N/mˆ2
9 V=7.06*10^ -6; //The s p e c i f i c volume i n mˆ3/ mol
10

11 // C a l c u l a t i o n s
12 C=(T*V*a^2)/K;//The change i n s p e c i f i c h e a t s i n J/

mol K
13 Cv=Cp-C;//The s p e c i f i c heat at c o n s t a n t volume i n J/

mol K
14

15 // Output
16 printf( ’ The s p e c i f i c heat at c o n s t a n t volume i s Cv =

%3 . 4 f J/mol−K ’ ,Cv)

Scilab code Exa 10.26 Temperature

1 clc

2 clear

3 // Page number 482
4 // Input data
5 p=50; //The reduced p r e s s u r e i n atmosphere s
6 t=27; //The i n i t i a l t empera tu r e o f the gas i n d e g r e e

c e n t i g r a d e
7 a=1.32*10^12; //Van der Waal c o n s t a n t a i n cmˆ4 dynes

/ mole ˆ2
8 b=31.2; //Van der Waal c o n s t a n t b i n cmˆ3/ mole
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9 Cp=7; //The s p e c i f i c heat at c o n s t a n t p r e s s u r e i n c a l
/ mole−K

10

11 // C a l c u l a t i o n s
12 P=p*76*13.6*980; //The reduced p r e s s u r e i n dynes /cmˆ2
13 Cp1=Cp *4.2*10^7; //The s p e c i f i c heat at c o n s t a n t

p r e s s u r e i n e r g s / mole−K
14 T=t+273; //The i n i t i a l t empera tu r e o f the gas i n K
15 R=8.31*10^7; //The r e a l gas c o n s t a n t i n e r g s / mole−K
16 dT=(P/Cp1)*(((2*a)/(R*T))-b);//The drop i n

t empera tu re i n K or d e g r e e c e n t i g r a d e
17

18 // Output
19 printf( ’ The drop i n t empera tu r e produced by

a d i a b a t i c t h r o t t l i n g p r o c e s s i s %3 . 3 f K ( or ) %3
. 3 f d e g r e e c e n t i g r a d e ’ ,dT ,dT)

20

21 // Er ro r . There i s a change i n the r e s u l t compared
to the t ex tbook because the f i n a l c a l c u l a t i o n s
d id i n the t ex tbook went wrong , so the f i n a l
r e s u l t v a r i e d from the t ex tbook

Scilab code Exa 10.27 Index

1 clc

2 clear

3 // Page number 482
4 // Input data
5 t=0; //The i n i t i a l t empera tu r e o f mercury i n d e g r e e

c e n t i g r a d e
6 p=1; //The i n i t i a l p r e s s u r e o f mercury i n atmosphere s
7 Cp=28; //The s p e c i f i c heat at c o n s t a n t p r e s s u r e i n J/

mol K
8 V=1.47*10^ -5; //The g i v e n s p e c i f i c volume i n mˆ3/ mol
9 b=1.81*10^ -6; //The g i v e n volume e x p a n s i v i t y i n Kˆ−1
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10 k=3.89*10^ -11; //The g i v e n c o m p r e s s i b i l i t y i n paˆ−1
11

12 // C a l c u l a t i o n s
13 T=t+273; //The i n i t i a l t empera tu r e o f mercury i n K
14 Cv=Cp -((T*V*b^2)/k);//The s p e c i f i c heat at c o n s t a n t

volume i n J/mol K
15 g=Cp/Cv;//The a d i a b a t i c index
16

17 // Output
18 printf( ’ The a d i a b a t i c index i s %3 . 0 f ’ ,g)

Scilab code Exa 10.28 Radius

1 clc

2 clear

3 // Page number 483
4 // Input data
5 K=24*10^ -3; //The c o e f f i c i e n t o f the rma l c o n d u c t i v i t y

o f an oxygen m o l e c u l e i n J/m. s .K
6 Cv =20.9*10^3; //The s p e c i f i c heat at c o n s t a n t volume

i n J/ k i l o . mole .K
7 k=1.38*10^ -23; //The boltzmanns c o n s t a n t i n J/K
8 m=5.31*10^ -26; //The mass o f an oxygen m o l e c u l e i n kg
9 T=273; //The tempera tu re o f the m o l e c u l e i n K

10 pi =3.142; // Mathemat ica l c o n s t a n t o f p i
11

12 // C a l c u l a t i o n s
13 C=((3*k*T)/m)^(1/2);//The v e l o c i t y o f the m o l e c u l e

i n m
14 r=(((3*k*T*m)^(1/2)*Cv)/(3*2^(1/2)*pi*K))^(1/2);//

The r a d i u s o f an oxygen m o l e c u l e i n m
15

16 // Output
17 printf( ’ The r a d i u s o f an oxygen m o l e c u l e i s %3 . 4 g m

’ ,r)
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18

19 // Er ro r . There i s a change i n the r e s u l t compared
to the t ex tbook because the f i n a l c a l c u l a t i o n s
d id i n the t ex tbook went wrong , so the f i n a l
r e s u l t v a r i e d from the t ex tbook

Scilab code Exa 10.29 Temperature

1 clc

2 clear

3 // Page number 483
4 // Input data
5 b=0.3; //The g i v e n wiens c o n s t a n t i n cm−K
6 l=5500; //The g i v e n wave l ength i n A u n i t s
7

8 // C a l c u l a t i o n s
9 L=l*10^ -8; //The g i v e n wave l ength i n cm

10 T=b/L;//The tempera tu re o f the sun i n K
11

12 // Output
13 printf( ’ The t empera tu r e o f the sun i s %3 . 0 f K ’ ,T)

Scilab code Exa 10.30 Temperature

1 clc

2 clear

3 // Page number 483
4 // Input data
5 R=1*10^4; //The r a t e at which b l a c k body l o s e s

the rma l ene rgy i n watt s /mˆ2
6 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n SI u n i t s
7

8 // C a l c u l a t i o n s
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9 T=(R/s)^(1/4);//The tempera tu re o f the b l a c k body i n
K

10

11 // Output
12 printf( ’ The t empera tu r e o f the b l a c k body i s %3 . 0 f

K ’ ,T)

Scilab code Exa 10.31 Temperature

1 clc

2 clear

3 // Page number 484
4 // Input data
5 T=6174; //The tempera tu re o f the b l a c k body i n K
6 l=4700; //The wave l ength o f the b l a c k body e m i t t i n g

i n amstrong u n i t s
7 l1 =1.4*10^ -5; //The wave l ength to be emi t t ed by the

b l a c k body i n m
8

9 // C a l c u l a t i o n s
10 L=l*10^ -10; //The wave l ength o f the b l a c k body

emi t t ed at 6174 K i n m
11 L1=l1;//The wave l ength to be emi t t ed by the b l a c k

body i n m
12 T1=(L*T)/L1;//The tempera tu re to be ma inta ined by

the b l a c k body i n K
13

14 // Output
15 printf( ’ The t empera tu r e to be ma inta ined by the

b l a c k body i s %3 . 2 f K ’ ,T1)

Scilab code Exa 10.32 Energy
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1 clc

2 clear

3 // Page number 484
4 // Input data
5 T=5800; //The tempera tu re o f the sun i n K
6

7 // C a l c u l a t i o n s
8 r=7*10^8; //The r a d i u s o f the sun i n m
9 pi =3.142; //The mathemat i ca l c o n s t a n t o f p i

10 A=4*pi*r^2; //The s u r f a c e a r ea o f the sun i n mˆ2
11 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n SI u n i t s
12 U=A*s*T^4; //The t o t a l ene rgy emi t t ed by sun per

second i n J
13 r1 =1.5*10^11; //The d i s t a n c e o f the e a r t h s atmosphere

from the sun i n m
14 R=(U/(4*pi*r1^2))/1000; // Energy r e a c h i n g the top o f

e a r t h s atmosphere i n kW/mˆ2
15

16 // Output
17 printf( ’ The t o t a l r a d i a n t ene rgy emi t t ed by sun per

second i s %3 . 4 g J \n The r a t e at which ene rgy i s
r e a c h i n g e a r t h s atmosphere i s %3 . 1 f kW/mˆ2 ’ ,U,

R)

Scilab code Exa 10.33 Energy

1 clc

2 clear

3 // Page number 485
4 // Input data
5 n=5; //The m o l e c u l e s o f ozone i n grams
6 t=27; //The tempera tu re o f ozone i n d e g r e e c e n t i g r a d e
7 R=8.3; //The u n i v e r s a l gas c o n s t a n t i n J/g−mol/K
8

9 // C a l c u l a t i o n s
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10 T=t+273; //The tempera tu re o f ozone i n K
11 U=n*((3/2)*R*T);//The ene rgy o f ozone i n J
12

13 // Output
14 printf( ’ The ene rgy o f 5 gms m o l e c u l e s o f ozone at 27

d e g r e e c e n t i g r a d e i s %3 . 6 g J ’ ,U)

Scilab code Exa 10.34 Pressure

1 clc

2 clear

3 // Page number 485
4 // Input data
5 t=-1; //The p r e s s u r e r e q u i r e d to l owe r the m e l t i n g

p o i n t o f i c e i n K
6 l=79.6; //The l a t e n t heat o f i c e i n c a l /g
7 V1=1; //The s p e c i f i c volumes o f water at 0 d e g r e e

c e n t i g r a d e i n cmˆ2
8 V2 =1.091; //The s p e c i f i c volumes o f i c e at 0 d e g r e e

c e n t i g r a d e i n cmˆ2
9 p=1.013*10^6; //One a tmosphe r i c p r e s s u r e i n dyne /cmˆ2
10

11 // C a l c u l a t i o n s
12 T=273; //The tempera tu re o f water i n K
13 L=l*4.18*10^7; //The l a t e n t heat o f i c e i n e r g s /g
14 p1=(L*t)/(T*(V1-V2));//The o b t a i n e d p r e s s u r e i n

dynes /cmˆ2
15 P=p1/p;//The o b t a i n e d p r e s s u r e i n atmosphere s
16 P1=P+1; //The r e q u i r e d p r e s s u r e i n atmosphere s
17

18 // Output
19 printf( ’ The p r e s s u r e r e q u i r e d i s %3 . 2 f a tmosphere s

’ ,P1)
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Scilab code Exa 10.35 Energy

1 clc

2 clear

3 // Page number 485
4 // Input data
5 t1=127; //The tempera tu re o f the b l a c k body i n d e g r e e

c e n t i g r a d e
6 t2=27; //The tempera tu re o f the w a l l s ma inta ined i n

d e g r e e c e n t i g r a d e
7 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n SI u n i t s
8

9 // C a l c u l a t i o n s
10 T1=t1 +273; //The tempera tu re o f the b l a c k body i n K
11 T2=t2 +273; //The tempera tu re o f the w a l l s ma inta ined

i n K
12 R=s*(T1^4-T2^4);//The net amount o f ene rgy l o s t by

body i n W/mˆ2
13

14 // Output
15 printf( ’ The net amount o f ene rgy l o s t by body per

s e c per u n i t a r ea i s %3 . 1 f watt s /mˆ2 ’ ,R)

Scilab code Exa 10.36 Temperature

1 clc

2 clear

3 // Page number 486
4 // Input data
5 t2=7; //The low tempera tu r e o f r e s e r v o i r i n d e g r e e

c e n t i g r a d e
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6 n1=50; //The e f f i c i e n c y o f the c a r n o t s e n g i n e i n
p e r c e n t a g e

7 n2=70; //The i n c r e a s e d e f f i c i e n c y o f the c a r n o t s
e n g i n e i n p e r c e n t a g e

8

9 // C a l c u l a t i o n s
10 T2=t2 +273; //The low tempera tu r e o f the r e s e r v o i r i n

K
11 T1=T2/(1-(n1/100));//The tempera tu re o f the s o u r c e

r e s e r v o i r i n K
12 T11=T2/(1-(n2/100));//The tempera tu re to be

ma inta ined by the s o u r c e r e s e r v o i r i n K
13 T=T11 -T1;//The i n c r e a s e i n t empera tu r e o f the s o u r c e

i n K or d e g r e e c e n t i g r a d e
14

15 // Output
16 printf( ’ The i n c r e a s e i n t empera tu r e o f the s o u r c e i s

%3 . 1 f K ( or ) %3 . 1 f d e g r e e c e n t i g r a d e ’ ,T,T)

Scilab code Exa 10.37 Temperature

1 clc

2 clear

3 // Page number 486
4 // Input data
5 T1 =6174; //The tempera tu re o f the b l a c k body i n K
6 l1 =4700; //The wave l ength emi t t ed by the b l a c k body

i n amstrong u n i t s
7 l2 =1400; //The wave l ength to be emi t t ed by the b l a c k

body i n amstrong u n i t s
8

9 // C a l c u l a t i o n s
10 T2=(l1*T1)/l2;//The tempera tu re to be ma inta ined by

the b l a c k body i n K
11
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12 // Output
13 printf( ’ The t empera tu r e to be ma inta ined by the

b l a c k body i s %3 . 0 f K ’ ,T2)

Scilab code Exa 10.38 Energy

1 clc

2 clear

3 // Page number 487
4 // Input data
5 e=8.5*10^28; //The g i v e n ene rgy d e n s i t y o f e l e c t r o n s

i n copper i n e l e c t r o n s /mˆ3
6 k=1.38*10^ -23; //The boltzmann c o n s t a n t i n J/K
7 h=6.62*10^ -34; // Planks c o n s t a n t i n J . s
8 m=9.1*10^ -31; //The g i v e n mass o f e l e c t r o n s i n kg
9 pi =3.14; //The mathemat i ca l c o n s t a n t o f p i

10

11 // C a l c u l a t i o n s
12 E=(((3*e)/pi)^(2/3))*(h^2) *(1/8) *(1/m);//The f e r m i

ene rgy f o r copper i n J
13 EF=E/(1.6*10^ -19);//The f e r m i ene rgy f o r copper i n

eV
14

15 // Output
16 printf( ’ The f e r m i ene rgy f o r copper at a b s o l u t e z e r o

i s %3 . 3 f eV ’ ,EF)

Scilab code Exa 10.39 mass

1 clc

2 clear

3 // Page number 487
4 // Input data
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5 t1=100; //The tempera tu re o f the s o u r c e i n d e g r e e
c e n t i g r a d e

6 t2=0; //The tempera tu re o f the s i n k i n d e g r e e
c e n t i g r a d e

7 P=100; //The power o f the e n g i n e i n watt s ( or ) J/ s
8 l=80; //The l a t e n t heat o f i c e i n c a l /g
9

10 // C a l c u l a t i o n s
11 T1=t1 +273; //The tempera tu re o f the s o u r c e i n K
12 T2=t2 +273; //The tempera tu re o f the s i n k i n K
13 L=l*4.2*10^3; //The l a t e n t heat o f i c e i n e r g s / kg
14 W=P*60; //The amount o f work done i n one minute i n J
15 H2=(W*T2)/(T1 -T2);//The amount o f heat at the s i n k

i n J
16 m=(H2/L);//The amount o f i c e me l t s i n kg
17

18 // Output
19 printf( ’ The amount o f i c e tha t w i l l melt i n one

minute i s %3 . 5 f kg ’ ,m)

Scilab code Exa 10.40 Speed

1 clc

2 clear

3 // Page number 488
4 // Input data
5 C1 =1.84; //The RMS speed o f m o l e c u l e s o f hydrogen at

NTP i n km/ s
6 p1=2; //The m o l e c u l a r we ight o f hydrogen
7 p2=32; //The m o l e c u l a r we ight o f oxygen
8

9 // C a l c u l a t i o n s
10 C2=C1*(p1/p2)^(1/2);//The RMS speed o f oxygen at NTP

i n km/ s
11 C21=C2 *1000; //The RMS speed o f oxygen at NTP i n m/ s
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12

13 // Output
14 printf( ’ The RMS speed o f oxygen at NTP i s %3 . 2 f km/

s ( or ) %3 . 0 f m/ s ’ ,C2 ,C21)

Scilab code Exa 10.41 Heat

1 clc

2 clear

3 // Page number 488
4 // Input data
5 t=101; //The tempera tu re at which water b o i l s i n

d e g r e e c e n t i g r a d e
6 p=787; //The p r e s s u r e ma inta ined at water b o i l s i n mm

o f Hg
7 t1=100; // Normal b o i l i n g p o i n t o f water i n d e g r e e

c e n t i g r a d e
8 T=t1+273; // Normal b o i l i n g p o i n t o f water i n K
9 p1=760; //The normal ma inta ined p r e s s u r e i n mm o f Hg

10 V2 =1601; //The s p e c i f i c volume o f water e v a p o r a t i o n
i n cmˆ3

11 V1=1; //The s p e c i f i c volume o f water i n cmˆ3
12

13 // C a l c u l a t i o n s
14 V=V2 -V1;//The change i n s p e c i f i c volume i n cmˆ3
15 dT=t-t1;//The change i n t empera tu r e i n d e g r e e

c e n t i g r a d e or K
16 dP=(p-p1)/10; //The change i n p r e s s u r e i n cm o f Hg
17 L=(T*dP *13.6*980*V)/dT;// Latent heat o f steam i n

e r g s /g
18 L1=L/(4.2*10^7);//The l a t e n t heat o f steam i n c a l /g
19

20 // Output
21 printf( ’ The l a t e n t heat o f steam i s %3 . 4 g e r g s /g (

or ) %3 . 2 f c a l /g ’ ,L,L1)
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Scilab code Exa 10.42 Fermi energy

1 clc

2 clear

3 // Page number 488
4 // Input data
5 d=7.7*10^3; //The d e n s i t y o f aluminium i n kg /mˆ3
6 w=27; //The atomic we ight o f Al i n kg /k . mol
7 N=6.023*10^26; //The number o f f r e e e l e c t r o n s i n Al
8 k=1.38*10^ -23; //The boltzmann c o n s t a n t i n J/K
9 h=6.62*10^ -34; // Planks c o n s t a n t i n J . s

10 m=9.1*10^ -31; //The g i v e n mass o f e l e c t r o n s i n kg
11 pi =3.14; //The mathemat i ca l c o n s t a n t o f p i
12

13 // C a l c u l a t i o n s
14 V=w/d;//The volume o c c u p i e d by Al i n mˆ3/ k . mol
15 E=(((3*(N/V))/pi)^(2/3))*(h^2) *(1/8) *(1/m);//The

f e r m i ene rgy f o r aluminium i n J
16 EF=E/(1.6*10^ -19);//The f e r m i ene rgy f o r aluminium

i n eV
17 p=(2/3) *(N/V)*(E);//The p r e s s u r e o f e l e c t r o n s i n

aluminium at a b s o l u t e z e r o i n N/mˆ2
18

19 // Output
20 printf( ’ The f e r m i ene rgy f o r aluminium at a b s o l u t e

z e r o i s %3 . 3 f eV \n The p r e s s u r e o f e l e c t r o n s i n
aluminium at a b s o l u t e z e r o i s %3 . 4 g N/mˆ2 ’ ,EF ,p

)

Scilab code Exa 10.43 Heat

125



1 clc

2 clear

3 // Page number 489
4 // Input data
5 t2=20; //The tempera tu re o f room i n d e g r e e c e n t i g r a d e
6 t1=37; //The s k i n t empera tu r e o f the boy i n d e g r e e

c e n t i g r a d e
7 t=10; //The g i v e n t ime i n min
8 A=3; //The s u r f a c e a r ea o f the s t u d e n t i n mˆ2
9 e=0.9; //The e m i s s i v i t y o f the s t u d e n t

10

11 // C a l c u l a t i o n s
12 T2=t2 +273; //The tempera tu re o f the room i n K
13 T1=t1 +273; //The s k i n t empera tu r e o f the boy i n K
14 t1=t*60; //The g i v e n t ime i n s e c
15 s=5.67*10^ -8; // S t e f a n s c o n s t a n t i n W/mˆ2−Kˆ4
16 R=e*A*s*(T1^4-T2^4);// Heat l o s s by the s k i n i n one

second i n J/ s
17 Q=R*t1;// Tota l heat l o s s by the s k i n i n 10 minutes

i n J
18

19 // Output
20 printf( ’ The t o t a l heat l o s s by the s k i n i n 10

minutes i s %3 . 4 g J ’ ,Q)

Scilab code Exa 10.44 Pressure

1 clc

2 clear

3 // Page number 489
4 // Input data
5 t1=20; //The tempera tu re o f the a i r i n the c y l i n d e r

o f a combust ion e n g i n e i n d e g r e e c e n t i g r a d e
6 p1=1; //The i n i t i a l p r e s s u r e o f the a i r i n

atmosphere s
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7 V1=8*10^ -4; //The i n i t i a l volume o f the a i r i n mˆ3
8 V2=6*10^ -5; //The f i n a l volume o f the a i r i n mˆ3
9 g=1.4; //The a d i a b a t i c index

10

11 // C a l c u l a t i o n s
12 T1=t1 +273; //The tempera tu re o f the a i r i n K
13 p2=p1*(V1/V2)^(g);//The f i n a l p r e s s u r e o f the gas i n

atmosphere s
14 T2=(p2/p1)*(V2/V1)*T1;//The f i n a l t empera tu r e o f the

gas i n K
15 T21=T2 -273; //The f i n a l t empera tu r e o f the gas i n

d e g r e e c e n t i g r a d e
16

17 // Output
18 printf( ’ The f i n a l p r e s s u r e o f the gas i s %3 . 1 f

a tmosphere s \n The f i n a l t empera tu re o f the gas
i s %3 . 1 f K ( or ) %3 . 1 f d e g r e e c e n t i g r a d e ’ ,p2 ,T2
,T21)

Scilab code Exa 10.47 Mean Free path

1 clc

2 clear

3 // Page number 491
4 // Input data
5 d=2*10^ -10; //The m o l e c u l a r d i amete r o f an i d e a l gas

i n m
6 t=20; //The tempera tu re o f the gas i n d e g r e e

c e n t i g r a d e
7 p=1; //The p r e s s u r e o f the gas i n atmosphere
8 pi =3.142; //The mathemat i ca l c o n s t a n t o f p i
9

10 // C a l c u l a t i o n s
11 T=t+273; //The tempera tu re o f the gas i n K
12 P=1.01*10^5; //The p r e s s u r e o f the gas i n N/mˆ2
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13 v=511; //The v e l o c i t y o f the m o l e c u l e s at 20 d e g r e e
c e n t i g r a d e i n m/ s

14 k=1.38*10^ -23; // Boltzman c o n s t a n t i n J/K
15 n=P/(k*T);//The number o f m o l e c u l e s per mˆ3
16 l=1/(1.414* pi*d^2*n);//The mean f r e e path i n m
17 f=v/l;//The c o l l i s i o n f r e q u e n c y i n per second
18

19 // Output
20 printf( ’ ( a ) The mean f r e e path i s %3 . 4 g m \n ( b ) The

c o l l i s i o n f r e q u e n c y i s %3 . 4 g per second ’ ,l,f)

Scilab code Exa 10.48 Collision

1 clc

2 clear

3 // Page number 492
4 // Input data
5 l=1.876*10^ -7; //The mean f r e e path o f the gas i n m
6 v=511; //The ave rage speed o f the m o l e c u l e i n m/ s
7

8 // C a l c u l a t i o n s
9 f=v/l;//The c o l l i s i o n f r e q u e n c y i n per second

10

11 // Output
12 printf( ’ The c o l l i s i o n f r e q u e n c y i s %3 . 4 g per second

’ ,f)

Scilab code Exa 10.49 Entropy

1 clc

2 clear

3 // Page number 492
4 // Input data
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5 s=1; //The s p e c i f i c heat o f water i n k c a l kg C
6 m=1; //The mass o f i c e i n kg
7 H=80; //The l a t e n t heat o f i c e i n k c a l / kg
8 H1=540; //The l a t e n t heat o f steam i n k c a l / kg
9 T=273; //The tempera tu re o f the i c e i n K
10 T1=373; //The tempera tu re o f water at 100 d e g r e e

c e n t i g r a d e i n K
11

12 // C a l c u l a t i o n s
13 S1=H/T;//The i n c r e a s e i n ent ropy when 1 kg o f i c e at

273 K i s c o n v e r t e d i n t o water at 273 K i n k c a l /K
14 S2=m*s*log(T1/T);//The i n c r e a s e i n ent ropy when 1 kg

o f water at 273 K i s c o n v e r t e d i n t o water at 373
K i n k c a l /K

15 S3=H1/T1;//The i n c r e a s e i n ent ropy when 1 kg o f
water at 373 K i s c o n v e r t e d i n t o steam at 373 K
i n k c a l /K

16 S=S1+S2+S3;//The t o t a l i n c r e a s e i n ent ropy i n k c a l /K
17

18 // Output
19 printf( ’ The t o t a l i n c r e a s e i n ent ropy i s %3 . 3 f k c a l

/K ’ ,S)

Scilab code Exa 10.50 Temperature

1 clc

2 clear

3 // Page number 493
4 // Input data
5 t1=27; //The i n i t i a l t empera tu r e o f the gas i n d e g r e e

c e n t i g r a d e
6 g=1.4; //The a d i a b a t i c index
7 p1=1; // Let the i n i t i a l p r e s s u r e i n atmosphere s
8 p2=2*p1;//The f i n a l p r e s s u r e i n atmosphere s
9
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10 // C a l c u l a t i o n s
11 T1=t1 +273; //The i n i t i a l t empera tu r e o f the gas i n K
12 T2=(((p2/p1)^(g-1))*(T1)^g)^(1/g);//The f i n a l

t empera tu re o f the gas i n K
13 T=T2 -T1;//The r i s e i n t empera tu r e o f a gas i n K or

d e g r e e c e n t i g r a d e
14

15 // Output
16 printf( ’ The r i s e i n t empera tu r e i s %3 . 1 f d e g r e e

c e n t i g r a d e ’ ,T)

Scilab code Exa 10.51 Work done

1 clc

2 clear

3 // Page number 493
4 // Input data
5 V1=10^ -3; //One l i t r e o f monoatomic p e r f e c t gas at

NTP i n mˆ3
6 V2=(V1/2);//The f i n a l volume i n mˆ3
7 g=1.67; //The a d i a b a t i c index
8

9 // C a l c u l a t i o n s
10 W=(1/(g-1))*((1/( V2)^(g-1)) -(1/(V1)^(g-1)));//The

work done on the gas i n J
11

12 // Output
13 printf( ’ The work done on the gas i s %3 . 1 f J ’ ,W)

Scilab code Exa 10.52 Temperature

1 clc

2 clear
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3 // Page number 494
4 // Input data
5 T1 =1200; //The tempera tu re at which f i r s t e n g i n e

r e c e i v e s heat i n K
6 T2=300; //The tempera tu re at which second e n g i n e

r e j e c t s to heat r e s e r v o i r i n K
7

8 // C a l c u l a t i o n s
9 Tw=(T1+T2)/2; //The tempera tu re when the work output s

o f two e n g i n e s a r e e q u a l i n K
10 Te=(T1*T2)^(1/2);//The tempera tu re when the

e f f i c i e n c y o f two e n g i n e s a r e e q u a l i n K
11

12 // Output
13 printf( ’ ( a ) The t empera tu re when the work output s o f

two e n g i n e s a r e e q u a l i s %3 . 0 f K \n ( b ) The
tempera tu re when the e f f i c i e n c y o f two e n g i n e s
a r e e q u a l i s %3 . 0 f K ’ ,Tw ,Te)

Scilab code Exa 10.53 Work done

1 clc

2 clear

3 // Page number 495
4 // Input data
5 t1=27; //The tempera tu re o f the s o u r c e i n d e g r e e

c e n t i g r a d e
6 t2=-73; //The tempera tu re o f the s i n k i n d e g r e e

c e n t i g r a d e
7 H2=300; //The amount o f heat r e l e a s e d by the s i n k i n

c a l
8

9 // C a l c u l a t i o n s
10 T1=t1 +273; //The tempera tu re o f the s o u r c e i n K
11 T2=t2 +273; //The tempera tu re o f the s i n k i n K
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12 H1=H2*(T1/T2);//The amount o f heat r e l e a s e d by the
s o u r c e i n c a l

13 W=H1 -H2;//The work per fo rmed per c y c l e i n c a l
14 W1=W*4.2; //The work per fo rmed per c y c l e i n J
15

16 // Output
17 printf( ’ The work per fo rmed by the e n g i n e per c y c l e

i s %3 . 0 f J ’ ,W1)

Scilab code Exa 10.54 Power

1 clc

2 clear

3 // Page number 495
4 // Input data
5 m=3; //The r a t e at which i c e me l t s i n kg / hour
6 t=28; //The e x t e r n a l t empera tu r e i n d e g r e e c e n t i g r a d e
7 Li =3.3*10^5; // S p e c i f i c l a t e n t heat o f i c e f u s i o n i n

Jkgˆ−1
8 s=4.2*10^3; //The s p e c i f i c heat i n Jkg ˆ−1.C
9

10 // C a l c u l a t i o n s
11 Q=(m*Li)+(m*s*t);//The heat taken by the i c e to melt

i n t o water i n J
12 P=Q/3600; //To pr even t m e l t i n g o f i c e , the

r e f r i g e r a t o r shou ld have the power out i n J/ s
13

14 // Output
15 printf( ’ The minimum power output o f the motor i s %3

. 0 f watt s ’ ,P)

Scilab code Exa 10.55 Temperature
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1 clc

2 clear

3 // Page number 496
4 // Input data
5 Li =3.3*10^5; // S p e c i f i c l a t e n t heat o f i c e f u s i o n i n

Jkgˆ−1
6 V1 =1.090*10^ -3; //The s p e c i f i c volume o f one kg o f

i c e i n mˆ3
7 V2=10^ -3; //The s p e c i f i c volume o f one kg o f water i n

mˆ3
8 T=273; //The tempera tu re ma inta ined i n K
9 dP =1.01*10^5; //The i n c r e a s e i n p r e s s u r e i n N/mˆ2

10

11 // C a l c u l a t i o n s
12 dT=-(dP*T*(V2 -V1))/Li;//The d e p r e s s i o n i n the

m e l t i n g p o i n t o f i c e i n K ( or ) d e g r e e c e n t i g r a d e
13

14 // Output
15 printf( ’ The d e p r e s s i o n o f m e l t i n g p o i n t o f i c e i s

%3 . 2 g K ( or ) %3 . 2 g d e g r e e c e n t i g r a d e ’ ,dT ,dT)

Scilab code Exa 10.56 Temperature

1 clc

2 clear

3 // Page number 497
4 // Input data
5 dp=100; //The change i n mercury p r e s s u r e i n cm o f Hg
6 v2 =1601; // S p e c i f i c volume o f steam i n cmˆ3/ gram
7 v1=1; // S p e c i f i c volume o f water i n cmˆ3/ gram
8 l=536; // Latent heat i n c a l /gram
9 t=100; //The tempera tu re o f the steam i n d e g r e e

c e n t i g r a d e
10

11 // c a l c u l a t i o n s
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12 dP =1*13.6*10^3*9.8; //The change i n mercury p r e s s u r e
i n N/mˆ2

13 V2=v2*10^ -3; // S p e c i f i c volume o f steam i n mˆ3/ kg
14 V1=v1*10^ -3; // S p e c i f i c volume o f water i n mˆ3/ kg
15 L=l*4.2*10^3; // Latent heat i n J/ kg
16 T=t+273; //The tempera tu re o f the steam i n K
17 dT=(dP*T*(V2 -V1))/L;//The i n c r e a s e i n b o i l i n g p o i n t

o f water i n K or d e g r e e c e n t i g r a d e
18

19 // Output
20 printf( ’ The i n c r e a s e i n b o i l i n g p o i n t o f water i s

%3 . 2 f K ( or ) %3 . 2 f d e g r e e c e n t i g r a d e ’ ,dT ,dT)

Scilab code Exa 10.57 Temperature

1 clc

2 clear

3 // Page number 497
4 // Input data
5 L=80; //The l a t e n t heat o f f u s i o n o f i c e i n c a l /gm
6 Li =3.3*10^5; // S p e c i f i c l a t e n t heat o f i c e f u s i o n i n

Jkgˆ−1
7 dp=1; //The i n c r e a s e i n p r e s s u r e i n atmosphere s
8 t=0; //The g i v e n t empera tu r e i n d e g r e e c e n t i g r a d e
9 v=-0.1; //The change i n s p e c i f i c volume i n cmˆ3/gm

10

11 // C a l c u l a t i o n s
12 dP =0.76*13.6*10^3*9.8; //The i n c r e a s e i n p r e s s u r e i n

N/mˆ2
13 V=v*10^ -3; //The change i n s p e c i f i c volume i n mˆ3/ kg
14 T=t+273; //The g i v e n t empera tu r e i n K
15 dT=-(dP*T*(V))/Li;//The d e c r e a s e i n the m e l t i n g

p o i n t o f i c e with i n c r e a s e i n the p r e s s u r e o f one
atmosphere i n K

16
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17 // Output
18 printf( ’ The d e c r e a s e i n m e l t i n g p o i n t o f i c e i s %3

. 4 f K ( or ) %3 . 4 f d e g r e e c e n t i g r a d e ’ ,dT ,dT)

Scilab code Exa 10.58 Entropy

1 clc

2 clear

3 // Page number 498
4 // Input data
5 R=8.4; //The u n i v e r s a l gas c o n s t a n t i n J . mol ˆ−1.Kˆ−1
6 Cv=21; //The s p a c i f i c heat at c o n s t a n t volume i n J .

mol ˆ−1.Kˆ−1
7 P1 =2*10^5; //The i n i t i a l p r e s s u r e o f gas i n N/mˆ2
8 V1=20; //The i n i t i a l volume o f the gas o c c u p i e d i n

l i t r e s
9 P2 =5*10^5; //The f i n a l p r e s s u r e o f the gas i n N/mˆ2

10 V2=50; //The f i n a l volume o f the gas o c c u p i e d i n
l i t r e s

11

12 // C a l c u l a t i o n s
13 T=(P2*V2)/(P1*V1);//The r a t i o o f f i n a l t empera tu r e

to the i n i t i a l t empera tu re f o r p e r f e c t gas
14 V=V2/V1;//The r a t i o o f f i n a l volume to the i n i t i a l

volume f o r p e r f e c t gas
15 S=(Cv*log(T))+(R*log(V));//The change o f en t ropy i n

J/K
16

17 // Output
18 printf( ’ The i n c r e a s e i n ent ropy i s %3 . 2 f J/K ’ ,S)

Scilab code Exa 10.59 Entropy
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1 clc

2 clear

3 // Page number 499
4 // Input data
5 s=4.2*10^3; //The s p e c i f i c heat o f water i s J/ kg .C
6 m1=0.1; //The mass o f water at 15 d e g r e e c e n t i g r a d e

i n kg
7 m2 =0.16; //The mass o f water at 40 d e g r e e c e n t i g r a d e

i n kg
8 t1=15; //The tempera tu re o f the f i r s t water i n d e g r e e

c e n t i g r a d e
9 t2=40; //The tempera tu re o f the second water i n

d e g r e e c e n t i g r a d e
10

11 // C a l c u l a t i o n s
12 T1=t1 +273; //The tempera tu re o f the f i r s t water i n K
13 T2=t2 +273; //The tempera tu re o f the second water i n K
14 T=((m1*T1)+(m2*T2))/(m1+m2);//The f i n a l mixed

tempera tu re i n K
15 s1=m1*s*2.3026* log10(T/T1);//The change i n ent ropy

f o r 0 . 1 kg o f water i n J/K
16 s2=m2*s*2.3026* log10(T/T2);//The change i n ent ropy

f o r 0 . 1 6 kg o f water i n J/K
17 S=s1+s2;//The net change i n the ent ropy o f the

system i n J/K
18

19 // Output
20 printf( ’ The net i n c r e a s e i n ent ropy i s %3 . 2 f J/K ’ ,

S)

Scilab code Exa 10.60 Entropy

1 clc

2 clear

3 // Page number 500
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4 // Input data
5 m=12.5*10^ -3; //The amount o f i c e i n kg
6 li=80; // Latent heat o f i c e i n c a l /gram
7 l=536; // Latent heat o f steam i n c a l /gram
8 si=0.5; // S p e c i f i c heat o f i c e i n c a l /gram−K
9 sw=1; // S p e c i f i c heat o f water i n c a l /gram−K
10 T1= -24+273; //The i n i t i a l t empera tu r e o f i c e i n K
11 T2 =0+273; //The f i n a l t empera tu r e o f i c e i n K
12 T3 =100+273; //The f i n a l t empera tu r e o f water i n K
13

14 // C a l c u l a t i o n s
15 Li=li *10^3*4.2; //The l a t e n t heat o f i c e i n J/ kg
16 Ls=l*10^3*4.2; //The l a t e n t heat o f water i n J/ kg
17 Si=si *10^3*4.2; //The s p e c i f i c heat o f i c e i n J/kg−K
18 Sw=sw *10^3*4.2; //The s p e c i f i c heat o f water i n J/kg−

K
19 s1=m*Si*log(T2/T1);//The i n c r e a s e i n ent ropy o f i c e

from 249 K to 273 K i n J/K
20 s2=(m*Li)/T2;//The i n c r e a s e i n ent ropy from 273 K

i c e to 273 K water i n J/K
21 s3=m*Sw*log(T3/T2);//The i n c r e a s e i n ent ropy o f

water from 273 K to 373 K i n J/K
22 s4=(m*Ls)/T3;//The i n c r e a s e i n ent ropy from water at

373 K to steam at 373 K i n J/K
23 S=s1+s2+s3+s4;//The t o t a l i n c r e a s e i n ent ropy i n J/K
24

25 // Output
26 printf( ’ The t o t a l i n c r e a s e i n ent ropy i s %3 . 2 f J/K

’ ,S)

Scilab code Exa 10.61 Time

1 clc

2 clear

3 // Page number 502
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4 // Input data
5 x1=20; //The i n i t i a l t h i c k n e s s o f the l a y e r i n cm
6 x2=30; //The f i n a l t h i c k n e s s o f the l a y e r i n cm
7 t1=-15; //The tempera tu re o f the s u r r o u n d i n g s i n

d e g r e e c e n t i g r a d e
8 L=80; //The l a t e n t heat o f i c e i n c a l /gram
9 d=0.9; //The g i v e n d e n s i t y o f i c e i n g/cmˆ3
10 K=0.005; //The c o e f f i c i e n t o f the rma l c o n d u c t i v i t y i n

C .G. S u n i t s
11

12 // C a l c u l a t i o n s
13 t=((d*L)/(2*K*t1))*(x1^2-x2^2);//The t ime taken i n

s e c
14

15 // Output
16 printf( ’ The t ime taken f o r a l a y e r o f i c e to

i n c r e a s e the t h i c k n e s s i s %3 . 2 g s e c ’ ,t)

Scilab code Exa 10.62 Temperature

1 clc

2 clear

3 // Page number 502
4 // Input data
5 t1=121; //The tempera tu re o f s o l i d copper s p h e r e i n

d e g r e e c e n t i g r a d e
6 dt1 =2.6; //The r a t e o f c o o l i n g o f copper s p h e r e i n

d e g r e e c e n t i g r a d e per minute
7 t2=195; //The tempera tu re o f ano the r s o l i d s p h e r e i n

d e g r e e c e n t i g r a d e
8 t=30; //The s u r r o u n d i n g t empera tu re i n d e g r e e

c e n t i g r a d e
9

10 // C a l c u l a t i o n s
11 T1=t1 +273; //The tempera tu re o f s o l i d copper s p h e r e
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i n K
12 T2=t2 +273; //The tempera tu re o f ano the r s o l i d copper

s p h e r e i n K
13 T0=t+273; //The s u r r o u n d i n g t empera tu r e i n K
14 R1=1; // Let the r a d i u s o f the f i r s t s p h e r e i n m
15 R2=2*R1;//The r a d i u s o f the second s p h e r e i n m
16 dt2=(dt1)*(R1/R2)*((T2^4-T0^4)/(T1^4-T0^4));//The

r a t e at which s o l i d copper s p h e r e c o o l s i n d e g r e e
c e n t i g r a d e per minute

17

18 // Output
19 printf( ’ The r a t e at which s o l i d copper s p h e r e c o o l s

i s %3 . 3 f d e g r e e c e n t i g r a d e per minute ’ ,dt2)

Scilab code Exa 10.63 Heat

1 clc

2 clear

3 // Page number 504
4 // Input data
5 dt=250; //The tempera tu re g r a d i e n t o f an i n s u l a t e d

copper rod i n d e g r e e c e n t i g r a d e per metre
6 x=0.05; //The d i s t a n c e between the two p o i n t s i n m
7 K=384; //The therma l c o n d u c t i v i t y o f copper i n W.m

ˆ−1.Kˆ−1
8 A=1; //The s u r f a c e a r ea o f the copper rod i n mˆ2
9 t=1; //The g i v e n t ime i n s e c o n d s

10

11 // C a l c u l a t i o n s
12 T=dt*x;//The tempera tu re d i f f e r e n c e i n d e g r e e

c e n t i g r a d e
13 Q=K*A*(dt)*t;//The amount o f heat c r o s s e d per u n i t

a r ea per s e c i n J/ s
14

15 // Output
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16 printf( ’ ( 1 ) The d i f f e r e n c e i n t empera tu re between two
p o i n t s s e p e r a t e d by 0 . 0 5m i s %3 . 1 f d e g r e e

c e n t i g r a d e \n ( 2 ) The amount o f heat c r o s s i n g per
second per u n i t a r ea normal to the rod i s %3 . 2 g
J/ s ’ ,T,Q)

Scilab code Exa 10.64 Radiant

1 clc

2 clear

3 // Page number 505
4 // Input data
5 T1=200; //The f i r s t t empera tu re o f the b l a c k body i n

K
6 T2 =2000; //The second tempera tu r e o f the b l a c k body

i n K
7 s=5.672*10^ -8; // S t e f a n s c o n s t a n t i n M.K. S u n i t s
8

9 // C a l c u l a t i o n s
10 R=(s*T1^4)/(s*T2^4);//The c o m p a r i s i o n o f r a d i a n t

e m i t t a n c e o f a b l a c k body f o r g i v e n t e m p e r a t u r e s
11

12 // Output
13 printf( ’ The c o m p a r i s i o n o f r a d i a n t e m i t t a n c e o f a

b l a c k body at 200 K and 2000 K i s %3 . 0 g ’ ,R)

Scilab code Exa 10.65 Radiant

1 clc

2 clear

3 // Page number 505
4 // Input data
5 d=0.08; //The d iamete r o f the b l a c k s p h e r e i n m
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6 T=500; //The tempera tu re o f the b l a c k s p h e r e i n K
7 T0=300; //The tempera tu re o f the s u r r o u n d i n g s i n K
8 s=6*10^ -8; //The s t e f a n s c o n s t a n t i n W mˆ−2 Kˆ−4
9 pi =3.14; //The mathemat i ca l c o n s t a n t o f p i
10

11 // C a l c u l a t i o n s
12 A=pi*d^2; //The a r ea o f the b l a c k s p h e r e i n mˆ2
13 e=1; //The e m i t t a n c e o f the b l a c k body
14 R=s*A*e*(T^4-T0^4);//The r a t e at which ene rgy i s

r a d i a t e d i n J/ s or watt s
15

16 // Output
17 printf( ’ The r a t e at which ene rgy i s r a d i a t e d R = %3

. 2 f J/ s ( or ) %3 . 2 f watt s ’ ,R,R)
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