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Chapter 1

MEASUREMENT

Scilab code Exa 1.1 C1P1

1 clear

2 clc

3 //To f i n d speed in meter s per second
4 // to f i n d volume in cub i c c e n t im e t e r s
5

6 // GIVEN : :
7

8 // speed
9 speed1 = 55 // m i l e s per hour

10 // volume o f g a s o l i n e
11 volume1 = 16 // g a l l o n s
12

13 // SOLUTION:
14

15 // speed in meter s per second
16 // s i n c e 1 mi l e = 1609 mete r s and 1 hour = 3600

s e cond s
17 speed = (55) *(1609/1) *(1/3600) // m i l e s per hour
18

19 // volume o f g a s o l i n e i n cub i c c e n t im e t e r s
20 // s i n c e 1 g a l l o n = 231 cub i c i n c h e s and 1 inch =
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2 . 5 4 c e n t ime t e r
21 volume = 16*(231/1) *(2.54/1) ^3 // cub i c c e n t im e t e r s
22 speed = round(speed)

23 printf (”\n\n Speed in meter s per second speed =\n\n
%2i m/ s ” ,speed);

24 printf (”\n\n Volume o f g a s o l i n e i n cub i c
c e n t im e t e r s volume =\n\n %. 1 e cmˆ3” ,volume);

Scilab code Exa 1.2 C1P2

1

2 clear

3 clc

4 //To f i n d c onv e r s i o n f a c t o r between l i g h t yea r ang
mete r s

5 // to f i n d d i s t a n c e to the s t a r proxima c e n t u r i
6

7 // GIVEN : :
8

9 // d i s t a n c e
10 d = 4*10^16 // i n l i g h t y e a r s
11 // v e l o c i t y o f l i g h t
12 v = 3.00*10^8 // m/ s
13

14 // SOLUTION:
15

16 // c onv e r s i o n f a c t o r
17 // f i r s t f i n d i n g c o nv e r s i o n between 1 year and

s e cond s
18 y = (1) *(365.25/1) *(24/1) *(60/1) *(60/1) // s e cond s
19 //now f i n d i n g c o nv e r s i o n between l i g h t yea r ang

mete r s
20 light_year = (y*v) // meter s
21

22 // to f i n d d i s t a n c e to the s t a r proxima c e n t u r i
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23 distance = (d)*(1/ light_year)// l i g h t y e a r s
24 light_year = nearfloat(” pred ” ,9.48e15)
25 printf (”\n\n Conver s i on between 1 year and s e cond s

y = \n\n %. 2 e s e cond s ” ,y);

26 printf (”\n\n Conver s i on between l i g h t yea r ang
mete r s 1 l i g h t yea r =\n\n %. 2 e m” ,light_year);

27 printf (”\n\n D i s t anc e to the s t a r proxima c e n t u r i
d i s t a n c e =\n\n %. 1 f l i g h t y e a r s ” ,distance);

Scilab code Exa 1.3 C1P3

1

2 clear

3 clc

4 // to f i n d f r a c t i o n a l and p e r c en t a g e un c e r t a i n t y i n
your we ight

5 // to f i n d f r a c t i o n a l and p e r c en t a g e un c e r t a i n t y i n
cat ’ s we ight

6

7 // GIVEN : :
8

9 // your we ight
10 w1 = 119 // i n l b s
11 // your and cat ’ s combined we ight
12 w2 = 128 // i n l b s
13

14 // SOLUTION:
15

16 // f r a c t i o n a l u n c e r t a i n t y i n your we ight
17 u1 = (1/119)

18 // p e r c en t a g e un c e r t a i n t y i n your we ight
19 u2 = u1*100 // p e r c en t a g e
20 // f r a c t i o n a l u n c e r t a i n t y i n cat ’ s we ight
21 u3 = (1/9)

22 // p e r c en t a g e un c e r t a i n t y i n cat ’ s we ight
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23 u4 = u3*100 // p e r c en t a g e
24 printf (”\n\n F r a c t i o n a l u n c e r t a i n t y i n your we ight

u1 =\n\n %. 3 f ” ,u1);

25 printf (”\n\n Per c en tage un c e r t a i n t y i n your we ight
u2 =\n\n %. 1 f p e r c en t ” ,u2);

26 printf (”\n\n F r a c t i o n a l u n c e r t a i n t y i n c a t s we ight
=\n\n %. 2 f ” ,u3);

27 printf (”\n\n Per c en tage un c e r t a i n t y i n c a t s we ight
=\n\n %1i p e r c en t ” ,u4);

Scilab code Exa 1.5 C1P5

1

2

3 clear

4 clc

5 // to f i n d va lu e o f p lank t ime
6 // GIVEN : :
7

8 // speed o f l i g h t
9 c = 3.00e8 //m/ s

10 //Newton ’ s g r a v i t a t i o n a l c on s t an t
11 G = 6.67e-11 // mˆ3/ s ˆ 2 .Kg
12 // plank ’ s c on s t an t
13 h = 6.63e-34 // Kg .mˆ2/ s
14

15 // SOLUTION:
16

17 // p lank t ime
18 tp = sqrt((G*h)/c^5) // s e cond s
19 // answer i n the book i s s l i g h t l y d i f f e r e n t which i s

p r i n t i n g mi s take
20 printf (”\n\n Plank t ime tp =\n\n %. 2 e s e cond s ” ,tp

);
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Chapter 2

MOTION IN ONE
DIMENSION

Scilab code Exa 2.1 C2P1

1

2 clear

3 clc

4 // to f i n d d i s t a n c e t r a v e l l e d to the nor th and e a s t
does the a i r p l a n e t r a v e l

5

6 // GIVEN : :
7

8 // d i s t a n c e t r a v e l l e d by a i r p l a n e
9 d = 209 // i n km

10 // ang l e made by a i r p l a n e e a s t o f due nor th tha t i s
ang l e made with y d i r e c t i o n

11 theta = 22.5 // i n d e g r e e s
12

13 // SOLUTION:
14

15 // ang l e made by a i r p l a n e with x d i r e c t i o n
16 fi = 90-theta // i n d e g r e e s
17 // d i s t a n c e t r a v e l l e d to the nor th
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18 dy = d*sind(fi)

19 // d i s t a n c e t r a v e l l e d to the e a s t
20 dx = d*cosd(fi)

21 printf (”\n\n Angle made by a i r p l a n e with x
d i r e c t i o n f i =\n\n %. 1 f d e g r e e s ”,fi);

22 printf (”\n\n D i s t anc e t r a v e l l e d to the nor th by
a i r p l a n e dx =\n\n %. 1 f km”,dx);

23 printf (”\n\n D i s t anc e t r a v e l l e d to the e a s t by
a i r p l a n e dy =\n\n %3i km”,dy);

Scilab code Exa 2.2 C2P2

1

2 clear

3 clc

4 // to f i n d magnitude and d i r e c t i o n o f v e c t o r
i n d i c a t i n g l o c a t i o n o f c a r

5

6 // GIVEN : :
7

8 // d i s t a n c e t r a v e l l e d due e a s t on a l e v e l o f road
9 // s i s r e p r e s e n t e d as ax+by . s i n c e b has no x

component and a has no y componebt we can w r i t e
10 Sx = 32 // i n km
11 // d i s t a n c e t r a v e l l e d b e f o r e s t opp i n g a f t e r t a k i n g

turn due nor th
12 Sy = 47 // i n km
13

14

15 // SOLUTION:
16

17 //magnitude o f d i s t a n c e t r a v e l l e d
18 x = sqrt(Sx^2 + Sy^2) // i n meter s
19 // d i r e c t i o n o f t r a v e l l i n g
20 fi = atand(Sy/Sx)// i n d e g r e e s
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21 g = Sy/Sx

22 x = round(x)

23 fi = round(fi)

24 printf (”\n\n D i s t anc e t r a v e l l e d due e a s t on a l e v e l
o f road Sx =\n\n %2i km”,Sx);

25 printf (”\n\n D i s t anc e t r a v e l l e d b e f o r e s t opp i n g
a f t e r t a k i n g turn due nor th Sy =\n\n %2i km”,Sy);

26 printf (”\n\n Magnitude o f d i s t a n c e t r a v e l l e d by
automob i l e x =\n\n %2i km”,x);

27 printf (”\n\n Value o f t a n f i =\n\n %. 2 f ”,g);
28 printf (”\n\n D i r e c t i o n o f au tomob i l e t r a v e l l i n g f i

=\n\n %2i d e g r e e s nor th o f e a s t ”,fi);

Scilab code Exa 2.3 C2P3

1

2 clear

3 clc

4 // to f i n d magnitude and d i r e c t i o n o f r e s u l t a n t o f a
and b and c v e c t o r

5

6 // GIVEN : :
7

8 // c o e f f i c i e n t i n x d i r e c t i o n f o r v e c t o r a
9 ax = 4.3

10 // c o e f f i c i e n t i n y d i r e c t i o n f o r v e c t o r a
11 ay = -1.7

12 // c o e f f i c i e n t i n x d i r e c t i o n f o r v e c t o r b
13 bx = -2.9

14 // c o e f f i c i e n t i n y d i r e c t i o n f o r v e c t o r b
15 by = 2.2

16 // c o e f f i c i e n t i n x d i r e c t i o n f o r v e c t o r c
17 cx = 0

18 // c o e f f i c i e n t i n y d i r e c t i o n f o r v e c t o r c
19 cy = -3.6
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20 //we can w r i t e a , b and c i n v e c t o r form
21 a = [4.3 -1.7]

22 b = [-2.9 2.2]

23 c = [0 -3.6]

24

25 // SOLUTION:
26

27 // c o e f f i c i e n t i n x d i r e c t i o n f o r r e s u l t a n t v e c t o r
28 sx = ax + bx + cx

29 // c o e f f i c i e n t i n y d i r e c t i o n f o r r e s u l t a n t v e c t o r
30 sy = ay + by + cy

31 // d i r e c t i o n o f r e s u l t a n t v e c t o r
32 fi = atand(sy/sx)+360

33 printf (”\n\n C o e f f i c i e n t o f r e s u l t a n t v e c t o r i n x
d i r e c t i o n sx = \n\n %. 1 f ”,sx);

34 printf (”\n\n C o e f f i c i e n t o f r e s u l t a n t v e c t o r i n y
d i r e c t i o n sy =\n\n %. 1 f ”,sy);

35 printf (”\n\n Re su l t an t v e c t o r s =\n\n %. 1 f i + %. 1 f j
’ , sx , sy ) ;

36 p r i n t f ( ”\n\n Direction of resultant vector with

positive x axis measured counterclockwise fi =\n\

n %3i degrees ” , f i ) ;

Scilab code Exa 2.4 C2P4

1

2 clear

3 clc

4 // to f i n d magnitude o f p o s i t i o n , v e l o c i t y and
a c c e l e r a t i o n

5

6 // GIVEN : :
7 // t ime
8 t = 3// i n s e cond s
9 // c o e f f i c i e n t s
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10 A = 1.00 // i n m/ s ˆ2
11 B = -32.0 // i n m/ s
12 C = 5.0 // i n m/ s ˆ2
13 D = 12.0 // i n m
14

15

16 // SOLUTION:
17

18 // f o r p o s i t i o n v e c t o r
19 // c o e f f i c i e n t i n x d i r e c t i o n f o r r e s u l t a n t v e c t o r
20 rx = A*t^3 + B*t

21 // c o e f f i c i e n t i n y d i r e c t i o n f o r r e s u l t a n t v e c t o r
22 ry = C*t^2 + D

23

24 // f o r v e l o c i t y v e c t o r
25 // c o e f f i c i e n t i n x d i r e c t i o n f o r r e s u l t a n t v e c t o r
26 // as v = dx/ dt t h e r e f o r e d i f f e r e n t i a t i n g rx and ry w

. r . t t
27 vx = 3*A*t^2 + B

28 // c o e f f i c i e n t i n y d i r e c t i o n f o r r e s u l t a n t v e c t o r
29 vy =2* C*t

30

31 // f o r a c c e l e r a t i o n v e c t o r
32 // as a = dv/ dt t h e r e f o r e d i f f e r e n t i a t i n g rx and ry

aga in w. r . t t
33 // c o e f f i c i e n t i n x d i r e c t i o n f o r r e s u l t a n t v e c t o r
34 ax = 6*A*t

35 // c o e f f i c i e n t i n y d i r e c t i o n f o r r e s u l t a n t v e c t o r
36 ay = 2*C

37 printf (”\n\n Po s i t i o n v e c t o r r =\n\n %1i m i + %1i
m j ’ , rx , ry ) ;

38 p r i n t f ( ”\n\n Velocity vector v =\n\n %1i m/s i +

%1i m/s j’,vx,vy);

39 printf (”\n\n A c c e l e r a t i o n v e c t o r a =\n\n %1i m/ s ˆ2
i + %1i m/ s ˆ2 j ’ , ax , ay ) ;
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Scilab code Exa 2.5 C2P5

1

2 clear

3 clc

4 // to f i n d ave rage v e l o c i t y o f c a r
5

6 // GIVEN : :
7

8 // d i s t a n c e t r a v e l l i n g by ca r
9 d1 = 5.2 // i n mi
10 // d i s t a n c e t r a v e l l e d wh i l e wa lk ing
11 d2 = 1.2 // i n mi
12 // t ime r e q u i r e d to r each to gas s t a t i o n wh i l e

wa lk ing
13 t1 = 27 // i n min
14 // speed o f c a r
15 v = 43 // i n mi/h
16

17 // SOLUTION:
18

19 // net d i s p l a c emen t
20 delta_x = d1 + d2 // i n mi
21 // speed o f c a r i n mi/minutes
22 v1 = v/60 // i n mi/minutes
23 // t o t a l e l a p s e d t ime
24 delta_t1 = (d1/v1) + t1 // i n min
25 // t o t a l e l a p s e d t ime in h
26 delta_t = delta_t1 /60 // i n h
27 // ave rage v e l o c i t y
28 // app l y i ng k i n emat i c e qu a t i o n s
29 Vav_x = delta_x/delta_t // i n mi/h
30 printf (”\n\n Net d i s p l a c emen t d e l t a x =\n\n %. 1 f mi

”,delta_x);
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31 printf (”\n\n Tota l e l a p s e d t ime d e l t a t =\n\n %. 2 f
h”,delta_t);

32 printf (”\n\n Average v e l o c i t y o f c a r r e q u i r e d Vav x
=\n\n %. 1 f mi/h”,Vav_x);

Scilab code Exa 2.6 C2P6

1

2 clear

3 clc

4 // to f i n d ave rage v e l o c i t y f o r i n t e r v a l AD and DF
5 // to f i n d s l o p e o f p o s i t i o n curve at the p o i n t s B

and F and compare i t with the va lu e i n v e l o c i t y
curve

6 // to f i n d ave rage a c c e l e r a t i o n i n the i n t e r v a l AD
and AF

7 // to f i n d s l o p e o f v e l o c i t y curve at the p o i n t s D
and compare i t with the va lu e i n a c c e l e r a t i o n
curve

8

9 // GIVEN : :
10

11 // d i s t a n c e t r a v e l l i n g by the po i n t D has come
12 xD = 5.0 // i n m
13 // d i s t a n c e t r a v e l l i n g by the po i n t A has come
14 xA = 1.0 // i n m
15 // d i s t a n c e t r a v e l l i n g by the po i n t F has come
16 xF = 1.4 // i n m
17 // t ime e l a p s e d by the po i n t D has come
18 tD = 2.5 // i n s e cond s
19 // t ime e l a p s e d by the po i n t A has come
20 tA = 0.0 // i n s e cond s
21 // t ime e l a p s e d by the po i n t F has come
22 tF = 4.0 // i n s e cond s
23 // v e l o c i t y at po i n t D
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24 vD = 0.0 // i n m/ s
25 // v e l o c i t y at po i n t A
26 vA = 4.0 // i n m/ s
27 // v e l o c i t y at po i n t F
28 vF = -6.2 // i n m/ s
29

30

31

32 // SOLUTION:
33

34 // ave rage v e l o c i t y f o r the i n t e r v a l AD
35 // app l y i ng k i n emat i c e qu a t i o n s
36 Vav_x = (xD -xA)/(tD-tA)

37 // ave rage v e l o c i t y f o r the i n t e r v a l DF
38 // app l y i ng k i n emat i c e qu a t i o n s
39 Vavx = (xF-xD)/(tF -tD)

40 // s l o p e o f p o s i t i o n curve at the po i n t B
41 slope_B = (4.5 -2.8) /(1.5 -0.5) // r e f e r to the graph

2 . 6 ( b ) g i v en i n the book on page no . 25
42 // s l o p e o f p o s i t i o n curve at the po i n t F
43 slope_F = (1.4 -4.5) /(4.0 -3.5) // r e f e r to the graph

2 . 6 ( b ) g i v en i n the book on page no . 25
44 // ave rage a c c e l e r a t i o n i n the i n t e r v a l AD
45 // app l y i ng k i n emat i c e qu a t i o n s
46 Aav_x = (vD -vA)/(tD-tA)// i n m/ s ˆ2
47 // ave rage a c c e l e r a t i o n i n the i n t e r v a l AF
48 // app l y i ng k i n emat i c e qu a t i o n s
49 Aavx = ((vF-vA)/(tF-tA))// i n m/ s ˆ2
50 Aavx = nearfloat(” pred ” ,-2.6)
51 // s l o p e o f v e l o c i t y curve at the po i n t D
52 slope_D = ( -0.9 -0.9) /(3.0 -2.0) // r e f e r to the graph

2 . 6 ( c ) g i v en i n the book on page no . 25
53

54 printf (”\n\n Average v e l o c i t y f o r the i n t e r v a l AD
Vav x=\n\n %. 1 f m/ s ”,Vav_x);

55 printf (”\n\n Average v e l o c i t y f o r the i n t e r v a l DF
V avx =\n\n %. 1 f m/ s ”,Vavx);

56 printf (”\n\n S lope o f p o s i t i o n curve at the po i n t B
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s l p o e B=\n\n %. 1 f m/ s ”,slope_B);
57 printf (”\n\n S lope o f p o s i t i o n curve at the po i n t F

=\n\n %. 1 f m/ s ”,slope_F);
58 // r e f e r v e l o c i t y t ime graph 2 . 6 ( c ) g i v en i n the book

on the page no . 2 5
59 printf (”\n\n From v e l o c i t y curve va lu e o f v e l o c i t y

at po i n t B i s \n\n 1 . 7m/ s ”);
60 printf (”\n\n From v e l o c i t y curve va lu e o f v e l o c i t y

at po i n t B i s \n\n −6.2m/ s ”);
61 printf (”\n\n Average a c c e l e r a t i o n f o r the i n t e r v a l

AD Aav x =\n\n %. 1 f m/ s ˆ2 ”,Aav_x);
62 printf (”\n\n Average a c c e l e r a t i o n f o r the i n t e r v a l

AF Aavx =\n\n %. 1 f m/ s ˆ2 ”,Aavx);
63 printf (”\n\n S lope o f v e l o c i t y curve at the po i n t D

s l ope D =\n\n %. 1 f m/ s ˆ2 ”,slope_D);
64 // r e f e r v e l o c i t y t ime graph 2 . 6 ( d ) g i v en i n the book

on the page no . 2 5
65 printf (”\n\n From a c c e l e r a t i o n curve va lu e o f

a c c e l e r a t i o n at po i n t D i s \n\n −1.8m/ s ˆ2 ”);

Scilab code Exa 2.7 C2P7

1

2 clear

3 clc

4 // to f i n d a c c e l e r a t i o n o f p a r t i c a l
5 // to f i n d v e l o c i t y o f p a r t i c a l when i t l e a v e s the

tube
6

7 // GIVEN : :
8

9 // l e n g t h o f the tube
10 x = 2.0 // i n m
11 // v e l o c i t y o f p a r t i c a l when i t e n t e r s i n the tube i .

e . a t t=0s
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12 v0x = 9.5*10^5 // i n m/ s
13 // t ime when the p a r t i c a l emerges out o f the tube
14 t = 8.0*10^ -7 // i n m/ s
15

16 // SOLUTION:
17

18 // a c c e l e r a t i o n o f the p a r t i c a l
19 // app l y i ng k i n emat i c e qu a t i o n s
20 ax = (x-(v0x*t))/(0.5*t^2) // i n m/ s ˆ2
21 // v e l o c i t y o f the p a r t i c a l when i t l e a v e s the tube
22 // app l y i ng k i n emat i c e qu a t i o n s
23 vx = v0x + (ax*t)

24

25 printf (”\n\n A c c e l e r a t i o n o f the p a r t i c a l ax =\n\n
%. 1 e m/ s ˆ2 ”,ax);

26 printf (”\n\n Ve l o c i t y o f the p a r t i c a l when i t
l e a v e s the tube vx =\n\n %. 1 e m/ s ”,vx);

Scilab code Exa 2.8 C2P8

1

2 clear

3 clc

4 // to f i n d timw e l a p s e d
5 // to f i n d a c c e l e r a t i o n
6 // a f t e r app ly b rake s with c on s t an t a c c e l e r a t i o n t ime

r e q u i r e d to s t op v e h i c l e
7 // a d d i t i o n l d i s t a n c e cove r ed a f t e r v e h i c l e has

s topped
8

9 // GIVEN : :
10

11 // l i n i t i a l v e l o c i t y at t=0
12 v0x = 23.6 // i n m/ s
13 // f i n a l v e l o c i t y
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14 vx = 12.5 // i n m/ s
15 // d i s t a n c e t r a v e l l e d
16 delta_x = 105 // i n m
17 // v e l o c i t y a f t e r v e h i c l e has s topped
18 vxf = 0// i n m/ s
19

20 // SOLUTION:
21

22 // ave rage v e l o c i t y
23 // app l y i ng k i n emat i c e qu a t i o n s
24 vav_x = (v0x + vx)/2 // i n m/ s
25 // t ime e l a p s e d
26 time = delta_x/vav_x // i n s e cond s
27 // a c c e l e r a t i o n
28 // app l y i ng k i n emat i c e qu a t i o n s
29 ax = (vx-v0x)/time // i n m/ s ˆ2
30 // t ime r e q u i r e d to s t op v e h i c l e
31 // app l y i ng k i n emat i c e qu a t i o n s
32 t = (vxf -v0x)/ax // i n s
33 // t o t a l d i s t a n c e cove r ed by v e h i c l e
34 // app l y i ng k i n emat i c e qu a t i o n s
35 x = (v0x*t)+(0.5* ax*t^2) // i n m/ s ˆ2
36 // a d d i t i o n a l d i s t a n c e t r a v e l l e d by v e h i c l e
37 x_final = x - delta_x // i n m
38 x = round(x)

39 x_final = round(x_final)

40 time = nearfloat(” pred ” ,5.81)
41

42 printf (”\n\n Average v e l o c i t y vav x =\n\n %. 2 f m/ s ”
,vav_x)

43 printf (”\n\n Time e l a p s e d t ime =\n\n %. 2 f s ”,time);
44 printf (”\n\n A c c e l e r a t i o n o f v e h i c l e ax =\n\n %. 2 f

m/ s ˆ2 ”,ax);
45 printf (”\n\n A f t e r app ly b rake s with c on s t an t

a c c e l e r a t i o n t ime r e q u i r e d to s t op v e h i c l e t =\n\
n %. 1 f s ”,t);

46 printf (”\n\n Tota l d i s t a n c e cove r ed by v e h i c l e x =\
n\n %3i m”,x);
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47 printf (”\n\n Add i t i o n l d i s t a n c e cove r ed a f t e r
v e h i c l e has s topped x f i n a l =\n\n %1i m”,x_final)
;

Scilab code Exa 2.9 C2P9

1

2 clear

3 clc

4 // to f i n d p o s i t i o n and a c c e l e r a t i o n a f t e r t =1 ,2 ,3 ,4 s
have e l a p s e d

5

6

7 // GIVEN : :
8

9 // l i n i t i a l v e l o c i t y due f r e e f a l l o f body
10 v0y = 0// i n m/ s
11 // a c c e l e r a t i o n due to g r a v i t y
12 g = 9.8 // i n m/ s ˆ2
13 // t ime e l a p s e d
14 t1 = 1.0 // i n s
15 t2 = 2.0 // i n s
16 t3 = 3.0 // i n s
17 t4 = 4.0 // i n s
18

19

20 // SOLUTION:
21

22 // v e l o c i t y v = −(g∗ t )
23 // s i n c e i n i t i a l v e l o c i t y i s z e r o
24 v1 = (v0y*t1)-(g*t1)// i n m/ s
25 v2 = (v0y*t2)-(g*t2)// i n m/ s
26 v3 = (v0y*t3)-(g*t3)// i n m/ s
27 v4 = (v0y*t4)-(g*t4)// i n m/ s
28 // s i n c e body i s moving v e r t i c a l l y downwards s0 ,
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v e l o c i t y has −ve s i g n
29 // d i s t a n c e t r a v e l l e d y = −(0.5∗ g∗ t ˆ2)
30 y1 = (v0y*t1) -0.5*(g*t1^2) // i n m
31 y2 = (v0y*t2) -0.5*(g*t2^2) // i n m
32 y3 = (v0y*t3) -0.5*(g*t3^2) // i n m
33 y4 = (v0y*t4) -0.5*(g*t4^2) // i n m
34 // −ve s i g n i n d i c a t e s body i s t r a v e l l i n g i n −ve y

d i r e c t i o n
35 printf (”\n\n D i s t anc e t r a v e l l e d a f t e r e l a p s e d t ime

t1 =\n\n %. 1 f m”,y1);
36 printf (”\n\n D i s t anc e t r a v e l l e d a f t e r e l a p s e d t ime

t2 =\n\n %. 1 f m”,y2);
37 printf (”\n\n D i s t anc e t r a v e l l e d a f t e r e l a p s e d t ime

t3 =\n\n %. 1 f m”,y3);
38 printf (”\n\n D i s t anc e t r a v e l l e d a f t e r e l a p s e d t ime

t4 =\n\n %. 1 f m”,y4);
39 printf (”\n\n Ve l o c i t y a f t e r e l a p s e d t ime t1 =\n\n %

. 1 f m/ s ”,v1);
40 printf (”\n\n Ve l o c i t y a f t e r e l a p s e d t ime t2 =\n\n %

. 1 f m/ s ”,v2);
41 printf (”\n\n Ve l o c i t y a f t e r e l a p s e d t ime t3 =\n\n %

. 1 f m/ s ”,v3);
42 printf (”\n\n Ve l o c i t y a f t e r e l a p s e d t ime t4 =\n\n %

. 1 f m/ s ”,v4);

Scilab code Exa 2.10 C2P10

1

2 clear

3 clc

4 // to f i n d t ime r e q u i r e d to r each h i g h e s t po i n t
5 // to f i n d d i s t a n c e t r a v e l l e d by the b a l l t i l l the

h i g h e s t p o s i t i o n i s r eached
6 // to f i n d t ime at which b a l l w i l l be 27m above the

groung
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7

8 // GIVEN : :
9

10 // i n i t i a l speed o f the b a l l
11 v0y = 25.2 // i n m/ s
12 // f i n a l speed o f the b a l l
13 vy = 0// i n m/ s
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.8 // i n m/ s ˆ2
16 // f o r c a l c u l a t i n g t ime d i s t a n c e o f b a l l above the

ground
17 y1 = 27.0 // i n meter s
18

19

20

21 // SOLUTION:
22 // t ime r e q u i r e d to r each h i g h e s t p s i t i o n
23 // app l y i ng k i n emat i c e qu a t i o n s
24 t = (v0y -vy)/g// i n s e cond s
25 // d i s t a n c e t r a v e l l e d by the b a l l t i l l the h i g h e s t

p o s i t i o n i s r eached
26 // app l y i ng k i n emat i c e qu a t i o n s
27 y = (v0y*t) -(1/2*g*t^2) // i n meter s
28 // t ime at which b a l l w i l l be 27m above the groung
29 // s o l v i n g quad r a t i c e qua t i on
30 y1 = poly([y1 -(v0y) (1/2*g)], ’ t ’ , ’ c o e f f ’ )
31 c = roots(y1)

32 t1 = c(1)

33 t2 = c(2)

34 // v e l o c i t y o f b a l l a t t1
35 vy1 = v0y -(g*t1)// i n m/ s
36 // v e l o c i t y o f b a l l a t t2
37 vy2 = v0y -(g*t2)// i n m/ s
38

39 printf (”\n\n Time r e q u i r e d to r each h i g h e s t p s i t i o n
t =\n\n %. 2 f s ”,t);

40 printf (”\n\n D i s t anc e t r a v e l l e d by the b a l l t i l l
the h i g h e s t p o s i t i o n i s r eached y =\n\n %. 1 f m”,y
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);

41 printf (”\n\n Time at which b a l l w i l l be 27m above
the groung t1 =\n\n %. 2 f s ”,t1);

42 printf (”\n\n Time at which b a l l w i l l be 27m above
the groung t2 =\n\n %. 2 f s ”,t2);

43 printf (”\n\n Ve l o c i t y o f b a l l a t t1 =\n\n %. 1 f m/ s ”
,vy1);

44 printf (”\n\n Ve l o c i t y o f b a l l a t t2 =\n\n %. 1 f m/ s ”
,vy2);

Scilab code Exa 2.11 C2P11

1

2 clear

3 clc

4 //maximum d i s t a n c e t r a v e l l e d by the r o c k e t above the
water s u r f a c e

5

6

7 // GIVEN : :
8

9 // d i s t a n c e below the water s u r f a c e
10 // t h i s can be w r i t t e n as y−y0 = s =125
11 s = 125 // i n meter s
12 // i n i t i a l v e l o c i t y o f r o c k e t
13 v0y = 0// i n m/ s
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.8 // i n m/ s ˆ2
16 // t ime r e q u i r e d to r each the water s u r f a c e
17 t = 2.15 // i n s e cond s
18 // v e l o c i t y o f r o c k e t at h i g h e s t p o s i t i o n
19 v2 = 0// i n m/ s ˆ2
20

21 // SOLUTION:
22 // a c c e l e r a t i o n o f r o c k e t i n upward d i r e c t i o n
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23 // app l y i ng k i n emat i c e qu a t i o n s
24 ay = (2*s)/t^2 // i n m/ s ˆ2
25 // f i n a l v e l o c i t y o f the r o c k e t at the s u r f a c e o f

water
26 // app l y i ng k i n emat i c e qu a t i o n s
27 vy = v0y+(ay*t)// i n m/ s
28 //now tak i n g v3 as i n i t i a l v e l o c i t y o f r o c k e t i . e .

v e l o c i t y at the water s u r f a c e l e v e l
29 // so , a t h i g h e s t r o c k e t w i l l have 0 v e l o c i t y which

we w i l l t ake as f i n a l v e l o c i t y o f r o c k e t
30 // t ime r e q u i r e d to r each h i g h e s t p o s i t i o n from water

s u r f a c e
31 // app l y i ng k i n emat i c e qu a t i o n s
32 time = (vy-v0y)/g// i n s e cond s
33 //maximum d i s t a n c e t r a v e l l e d by the r o c k e t above the

water s u r f a c e
34 // app l y i ng k i n emat i c e qu a t i o n s
35 y = (vy*time) -(0.5*g*time ^2) // i n meter s
36 time = nearfloat(” pred ” ,11.8)
37 y = nearfloat(” pred ” ,688)
38 printf (”\n\n A c c e l e r a t i o n o f r o c k e t i n upward

d i r e c t i o n ay = \n\n %. 1 f m/ s ˆ2 ”,ay);
39 printf (”\n\n F ina l v e l o c i t y o f the r o c k e t at the

s u r f a c e o f water vy = \n\n %3i m/ s ”,vy);
40 printf (”\n\n Time r e q u i r e d to r each h i g h e s t

p o s i t i o n from water s u r f a c e t ime = \n\n %. 1 f
s e c ond s ”,time);

41 printf (”\n\n Maximum d i s t a n c e t r a v e l l e d by the
r o c k e t above the water s u r f a c e y = \n\n %2i m”,y)
;
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Chapter 3

FORCE AND NEWTONS
LAWS

Scilab code Exa 3.1 C3P1

1

2 clc

3

4 //To Find the f i n a l v e l o c i t y o f s l e d
5

6 //Given :
7 // r e f e r to f i g u r e 3−7(a ) and3−7(b ) from page no . 49
8 //mass o f s l e d
9 m =240 // i n kg

10 // d i s t a n c e t r a v e l l e d
11 d =2.3 // i n m
12 // f o r c e a pp l i e d
13 Fsw =130 // i n N
14

15 // s o l u t i o n :
16

17 // c a l c u l a t i n g f i r s t a c c e l e r a t i o n
18 // app l y i ng newton ’ s s econd law
19 ax =Fsw/m //m/ s ˆ2
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20 // c a l c u l a t i n g t ime r e q u i r e d to move s l e d by d i s t a n c e
d

21 // app l y i ng k i n emt i c equa t i on
22 t =((2*d)/ax)^(1/2) // i n s e cond s
23 // c a l c u l a t i n g v e l o c i t y
24 // app l y i ng k i n emt i c equa t i on
25 vx =ax*t //m/ s
26 printf (”\n\n A c c e l e r a t i o n ax = \n\n %. 2 fm/ s ˆ2 ” ,ax)

27 printf (”\n\n f i n a l v e l o c i t y vx = \n\n %. 1 f m/ s ” ,vx

);

Scilab code Exa 3.2 C3P2

1

2 //To Find the f o r c e to be app ly on s l e d
3 // r e f e r r i n g to data from problem 3 . 1 on page no . 4 8
4 clc;

5

6 //Given :
7 // r e f e r to f i g u r e 3−7(a ) and3−7(b ) from page no . 49
8 m =240; // kg
9 d =2.3; // d i s t a n c e t r a v e l l e d i n m

10 Fsw =130; // f o r c e i n N
11

12 // s o l u t i o n :
13 // c a l c u l a t i n g a c c e l e r a t i o n
14 // app l y i ng newton ’ s s econd law
15 ax1 = Fsw/m //m/ s ˆ2
16 // c a l c u l a t i n g t ime
17 // app l y i ng k i n emat i c e qua t i on
18 t = sqrt ((2*d)/ax1) // s e c o n d s
19 // c a l c u l a t i n g v e l o c i t y
20 // app l y i ng one d imen s i n a l k i n emat i c e qua t i on
21 vx =ax1*t; //m/ s
22 v0x = -(ax1*t); //m/ s
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23 t2 = 4.5 // s e c o n d s
24 // c a l c u l a t i n g f i r s t a c c e l e r a t i o n u s i n g equa t i on vx

= v0x + ax∗ t
25 ax =(v0x -vx)/t2; //m/ s ˆ2
26 ax = nearfloat(” succ ” ,0.71)
27

28 // c a l c u l a t i n g f o r c e
29 // app l y i ng newton ’ s s econd law
30 F_dashsw = m*ax; // N
31 F_dashsw = nearfloat(” pred ” ,-170)
32 F_dashsw1 = F_dashsw /(0.4535*9.81)

33

34 printf (”\n\n A c c e l e r a t i o n ax1 = \n\n %. 2 f m/ s ˆ2 ” ,

ax1)

35 printf (”\n\n Time t = \n\n %. 1 f s ” ,t)

36 printf (”\n\n F ina l v e l o c i t y vx = \n\n %. 1 f m/ s ” ,vx

)

37 printf (”\n\n F ina l v e l o c i t y v0x = \n\n %. 1 f m/ s ” ,

v0x)

38 printf (”\n\n A c c e l e r a t i o n ax = \n\n %. 2 f m/ s ˆ2 ” ,ax

)

39 printf (”\n\n Constant f o r c e F dashsw = \n\n %3i N”
,F_dashsw);

40 printf (”\n\n Constant f o r c e F dashsw1 = \n\n %2i l b
” ,F_dashsw1);

Scilab code Exa 3.3 C3P3

1

2 clc

3

4 //To f i n d f o r c e a c t i n g on c r a t e
5

6 //Given :
7 // r e f e r to f i g u r e 3−8(a ) and3−8(b ) from page no . 49
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8 // mass
9 m =360 // kg
10 // i n i t i a l v e l o c i t y o f c r a t e
11 vx1 =62 //km/ph
12 // f i n a l v e l o c i t y o f c r a t e
13 v0x1 = 105 //km/ph
14 // t ime e l a p s e d
15 t =17 // s e cond s
16

17 // s o l u t i o n :
18 // c a l c u l a t i n g i n i t i a l v e l o c i t y i n m/ s
19 vx =(62*5) /18 // i n m/ s
20 // c a l c u l a t i n g f i n a l v e l o c i t y i n m/ s
21 v0x =(105*5) /18 // i n m/ s
22 // c a l c u l a t i n g a c c e l e r a t i o n
23 ax =(vx -v0x)/t // i n m/ s ˆ2
24 // c a l c u l a t i n g f o r c e
25 // app l y i ng newton ’ s s e cong law
26 Fct =m*ax // i n s e cond s
27 ax = nearfloat(” succ ” ,-0.70)
28 Fct = nearfloat(” pred ” ,-250)
29

30 printf (”\n\n A c c e l e r a t i o n a = \n\n %. 2 fm/ s ˆ2 ” ,ax)

31 printf (”\n\n Force a c t i n g on c r a t e Fct =\n\n %. 3 iN”
,Fct);

Scilab code Exa 3.4 C3P4

1

2

3 clear

4 clc

5

6 //To f i n d f o r c e a c t i n g on c r a t e
7
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8 //Given :
9 // r e f e r to f i g u r e 3−17(a ) and3−17(b ) from page no .

55
10 // mass o f f i r s t c r a t e
11 m1 =4.2 // kg
12 // mass o f s econd c r a t e
13 m2 =1.4 // kg
14 // f o r c e on f i r s t c r a t e
15 P1w =3 // i n N
16

17 // s o l u t i o n : / / f o r two c r a t e remain i n c on t a c t acc (
c r a t e 1)=acc ( c r a t e 2) . we w i l l c a l l t h i s as
common a c e l r a t i o n as a .

18 // c a l c u l a t i n g common a c c e l e r a t i o n o f both c r a t e i n
m/ s ˆ2

19 // app l y i ng newton ’ s s e cong law
20 a =P1w/(m1+m2) //m/ s
21 // c a l c u l a t i n g f o r c e e x e r t e d on c r a t e 2 by 1
22 // app l y i ng newton ’ s s e cong law
23 f21 =m2*a // m/ s ˆ2
24 f21 = nearfloat(” succ ” ,0.76)
25

26 printf (”\n\n Ca l c u l a t i n g common a c c e l e r a t i o n o f
both c r a t e a = \n\n %. 2 fm/ s ˆ2 ” ,a)

27 printf (”\n\n Force a c t i n g on c r a t e f 2 1 = \n\n %. 2 f
N” ,f21);

Scilab code Exa 3.5 C3P5

1

2

3

4 clear

5 clc

6
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7 //To f i n d f o r c e a c t i n g on c r a t e
8

9 //Given :
10 // r e f e r to f i g u r e 3−18(a ) and3−18(b ) from page no .

55
11 // mass o f f l a t −bed c a r t
12 mc =360 // kg
13 // mass o f box
14 mb =150 // kg
15 // magnitude o f a c c e l e r a t i o n f o r c a r t
16 ac =0.167 // m/ s ˆ2
17 // magnitude o f a c c e l e r a t i o n f o r box
18 ab =1 // m/ s ˆ2
19

20

21 // s o l u t i o n :
22 // f o r c e on c a r t
23 // app l y i ng newton ’ s s econd law
24 Fcb =mc*ac // i n N
25 // f o r c e on box
26 // app l y i ng newton ’ s s econd law
27 Fbw =Fcb+(mb*ab)// i n N
28

29 printf (”\n\n Force a c t i n g on c r a t e Fcb = \n\n %2i N
” ,Fcb);

30 printf (”\n\n Force a c t i n g on box Fbw = \n\n %2i N”
,Fbw);

Scilab code Exa 3.6 C3P6

1

2

3

4 clear

5 clc
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6

7 //To f i n d f r i c t i o n a l f o r c e o f the box on the c a r t
8 // r e f e r r i n f to same problem as 3−5 on page no . 5 5
9

10 //Given :
11 // mass o f f l a t −bed c a r t
12 mc =360 // kg
13 // mass o f box
14 mb =150 // kg
15 // magnitude o f a c c e l e r a t i o n f o r c a r t
16 ac =0.167 // m/ s ˆ2
17 // magnitude o f a c c e l e r a t i o n f o r box
18 ab =1 // m/ s ˆ2
19

20

21 // s o l u t i o n :
22 // f o r c e on c a r t
23 // app l y i ng newton ’ s s econd law
24 Fcb =mc*ac // i n N
25 // f o r c e on box
26 // app l y i ng newton ’ s s econd law
27 Fbw =Fcb+(mb*ab)// i n N
28 // f r i c t i o n a l f o r c e
29 // app l y i ng newton ’ s s econd law
30 Fcb =(mc*Fbw)/(mc+mb)// i n N
31 Fcb = nearfloat(” succ ” ,150)
32 // answer o f Fcb s l i g h t l i v a r i e s . but answer by s c i l a b

i s same as on c a l c u l a t o r
33 printf (”\n\n F r i c t i o n a l f o r c e o f box on the c a r t

f c b = \n\n %3iN” ,Fcb);

Scilab code Exa 3.7 C3P7

1

2
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3 clc

4 // to f i n d net f o r c e on pa s s e n g e r ang s c a l e r e ad i n g
wh i l e d e s c end ing and a s c end i ng

5

6 // GIVEN : :
7 // r e f e r to f i g u r e 3−19(a ) and3−19(b ) from page no .

56
8 //mass o f p a s s e n g e r
9 m = 72.2 // i n Kg
10 // a c c e l e r a t i o n o f e l e v a t o r wh i l e d e s c end ing
11 a0y = 0// i n m/ s ˆ2
12 // a c c e l e r a t i o n o f e l e v a t o r wh i l e a s c end i ng
13 ay = 3.20 // i n m/ s ˆ2
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.81 // i n m/ s ˆ2
16

17 // SOLUTION:
18

19 // pa s s e ng e r wh i l e d e s c end i ng
20 // app l y i ng newton ’ s s econd law
21 Fps_d = m*(g+a0y)// i n m/ s ˆ2
22 Fps_d1 = Fps_d/(g*.4535) // i n l b
23 // pa s s e ng e r wh i l e a s c end i ng
24 // app l y i ng newton ’ s s econd law
25 Fps_a = m*(g+ay)// i n m/ s ˆ2
26 Fps_a1 = Fps_a/(g*.4535) // i n l b
27 printf (”\n\n Net f o r c e on pa s s e n g e r wh i l e

d e s c end ing Fps d = \n\n %3i N” ,Fps_d);

28 printf (”\n\n Net f o r c e on pa s s e n g e r wh i l e
d e s c end ing Fps d1 = \n\n %3i l b ” ,Fps_d1);

29 printf (”\n\n Net f o r c e on pa s s e n g e r wh i l e a s c end i ng
Fps a = \n\n %3i N” ,Fps_a);

30 printf (”\n\n Net f o r c e on pa s s e n g e r wh i l e a s c end i ng
Fps a1 = \n\n %3i l b ” ,Fps_a1);

31 printf (”\n\n S c a l e r a ed i n g w i l l not change wh i l e
d e s c end ing due to c on s t an t a c c e l e r a t i o n
w h i l e s c a l e r e ad i n g w i l l i n c r e a s e wh i l e a s c end i ng
due to i n c r e a s e i n a c c e l e r a t i o n ”);
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Chapter 4

MOTION IN TWO AND
THREE DIMENSIONS

Scilab code Exa 4.1 C4P1

1

2

3 clc

4 // to f i n d sh ip ’ s v e l o c i t y and p o s i t i o n r e l a t i v e to
i t s l o c a t i onwhen the t r a c t o r beam f i r s t appeared

5

6 // GIVEN : :
7 // r e f e r to f i g u r e 4−1 from page no . 6 6
8 // problem mainly d i v i d e s i n t o two pa r t s
9 // 1 . t=0 to t=4 s e cond s //FIRST PART
10 // 2 . t=4 to t=7 s e cond s //SECOND PART
11

12 // 1 . f o r f i r s t pa r t i . e . t=0 to t=4 s e cond s
13 // t ime i n t e r v a l f o r the f i r s t pa r t i s (4−0)=4
14 t1 = 4// i n s e cond s
15 // i n i t i a l p o s i t i o n i s ( 0 , 0 )
16 x01 = 0

17 y01 = 0

18 // i n i t i a l v e l o c i t y i n x d i r e c t i o n f o r f i r s t pa r t
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19 v0x1 = 15 // i n km/ s
20 // i n i t i a l v e l o c i t y i n y d i r e c t i o n f o r f i r s t pa r t
21 v0y1 = 0// i n km/ s
22 // a c c e l e r a t i o n i n x d i r e c t i o n f o r the f i r s t pa r t
23 ax1 = 0// i n km/ s ˆ2
24 // a c c e l e r a t i o n i n y d i r e c t i o n f o r the f i r s t pa r t
25 ay1 = 4.2 // i n km/ s ˆ2
26

27 // 1 . f o r second pa r t i . e . t=4 to t=7 s e cond s
28 // t ime i n t e r v a l f o r the second pa r t i s (7−4)=3
29 t2 = 3// i n s e cond s
30 // i n i t i a l v e l o c i t y i n x d i r e c t i o n f o r f i r s t pa r t
31 v0x2 = 15 // i n km/ s
32 // i n i t i a l v e l o c i t y i n y d i r e c t i o n f o r f i r s t pa r t
33 v0y2 = 16.8 // i n km/ s
34 // a c c e l e r a t i o n i n x d i r e c t i o n f o r the f i r s t pa r t
35 ax2 = 18 // i n km/ s ˆ2
36 // a c c e l e r a t i o n i n y d i r e c t i o n f o r the f i r s t pa r t
37 ay2 = 4.2 // i n km/ s ˆ2
38

39 // SOLUTION:
40

41 // 1 . f o r f i r s t pa r t i . e . t=0 to t=4 s e cond s
42 // f i n a l v e l o c i t y i n x d i r e c t i o n
43 vx1 = v0x1 + ax1*t1 // i n km/ s
44 // f i n a l v e l o c i t y i n y d i r e c t i o n
45 vy1 = v0y1 + ay1*t1 // i n km/ s
46 // d i s t a n c e t r a v e l l e d i n x d i r e c t i o n
47 x1 = x01 + v0x1*t1 + (0.5* ax1*t1^2) // i n km
48 // d i s t a n c e t r a v e l l e d i n y d i r e c t i o n
49 y1 = y01 + v0y1*t1 + (0.5* ay1*t1^2) // i n km
50

51 // 1 . f o r second pa r t i . e . t=4 to t=7 s e cond s
52 //now the p o s i t i o n o f s h i p i s ( x1 , y1 )
53 x02 = x1

54 y02 = y1

55 // f i n a l v e l o c i t y i n x d i r e c t i o n
56 // app l y i ng k i n emat i c e qu a t i o n s
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57 vx2 = v0x2 + ax2*t2 // i n km/ s
58 // f i n a l v e l o c i t y i n y d i r e c t i o n
59 // app l y i ng k i n emat i c e qu a t i o
60 vy2 = v0y2 + ay2*t2 // i n km/ s
61 // d i s t a n c e t r a v e l l e d i n x d i r e c t i o n
62 // app l y i ng k i n emat i c e qu a t i o
63 x2 = x02 + v0x2*t2 + (0.5* ax2*t2^2) // i n km
64 // d i s t a n c e t r a v e l l e d i n y d i r e c t i o n
65 // app l y i ng k i n emat i c e qu a t i o
66 y2 = y02 + v0y2*t2 + (0.5* ay2*t2^2) // i n km
67 // d i s t a n c e t r a v e l l e d by o f s h i p
68 r = sqrt(x2^2 + y2^2) // i n km
69 // v e l o c i t y o f s h i p
70 v = sqrt(vx2^2 + vy2^2) // i n km/ s
71 // p o s i t i o n o f s h i p
72 theta = atand(vy2/vx2)// i n d e g r e e s
73 y2 = round(y2)

74 r = round(r)

75 printf (”\n\n F ina l v e l o c i t y i n x d i r e c t i o n f o r
f i r s t pa r t vx1 = \n\n %. 1 f km/ s ”,vx1);

76 printf (”\n\n F ina l v e l o c i t y i n y d i r e c t i o n f o r
f i r s t pa r t vy1 = \n\n %. 1 f km/ s ”,vy1);

77 printf (”\n\n D i s t anc e t r a v e l l e d i n x d i r e c t i o n f o r
f i r s t pa r t x1 = \n\n %. 1 f km”,x1);

78 printf (”\n\n D i s t anc e t r a v e l l e d i n y d i r e c t i o n f o r
f i r s t pa r t y1 = \n\n %. 1 f km”,y1);

79

80 printf (”\n\n F ina l v e l o c i t y i n x d i r e c t i o n f o r
second pa r t vx2 = \n\n %. 1 f km/ s ”,vx2);

81 printf (”\n\n F ina l v e l o c i t y i n y d i r e c t i o n f o r
second pa r t vy2 = \n\n %. 1 f km/ s ”,vy2);

82 printf (”\n\n D i s t anc e t r a v e l l e d i n x d i r e c t i o n f o r
second pa r t x2 = \n\n %3i km”,x2);

83 printf (”\n\n D i s t anc e t r a v e l l e d i n y d i r e c t i o n f o r
second pa r t y2 = \n\n %3i km”,y2);

84 printf (”\n\n D i s t anc e t r a v e l l e d by sh i p r = \n\n
%3i km”,r);

85 printf (”\n\n Ve l o c i t y o f s h i p v = \n\n %2i km/ s ”,v)
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;

86 printf (”\n\n Po s i t i o n o f s h i p th e t a = \n\n %2i
d e g r e e s ”,theta);

Scilab code Exa 4.2 C4P2

1

2

3

4 clc

5 // to f i n d d i r e c t i o n i n which c r a t e moving
6

7 // GIVEN : :
8 // r e f e r to f i g u r e 4−3(a ) , ( b , ( c ) from page no . 6 8
9 //mass o f c r a t e
10 m = 62 // i n kg
11 // i n i t i a l v e l o c i t y o f c r a t e i n x d i r e c t i o n
12 v0x = 6.4 // i n m/ s
13 // i n i t i a l v e l o c i t y o f c r a t e i n y d i r e c t i o n
14 v0y = 0// i n m/ s
15 // f o r c e a pp l i e d i n o pp o s i t e d i r e c t i o n
16 Fct = 81 // i n N
17 // f o r c e a pp l i e d i n p e r p e n d i c u l a r d i r e c t i o n
18 Fcj = 105 // i n N
19 // t ime i n t e r v a l wh i l e a p p l i c a t i o n o f f o r c e
20 t = 3// i n s e cond s
21

22 // SOLUTION:
23

24 // i n x d i r e c t i o n −Fct = m∗ax
25 // i n y d i r e c t i o n Fc j = m∗ay
26 // a c c e l e r a t i o n i n x d i r e c t i o n
27 // app l y i ng newton ’ s s econd laww o f motion
28 ax = -(Fct/m)// i n m/ s ˆ2
29 // a c c e l e r a t i o n i n y d i r e c t i o n
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30 ay = (Fcj/m)// i n m/ s ˆ2
31 // component o f v e l o c i t y o f c r a t e i n x d i r e c t i o n
32 // app l y i ng k i n emat i c e qu a t i o
33 vx = v0x + ax*t

34 // component o f v e l o c i t y o f c r a t e i n y d i r e c t i o n
35 // app l y i ng k i n emat i c e qu a t i o
36 vy = v0y + ay*t

37 // r e s u l t a n t v e l o c i t y o f c r a t e
38 v = sqrt(vx^2 + vy^2) // i n m/ s
39 // d i r e c t i o n o f v e l o c i t y o f c r a t e
40 theta = atand(vy/vx)// i n d e g r e e s
41 theta = nearfloat(” succ ” ,64)
42

43 printf (”\n\n A c c e l e r a t i o n i n x d i r e c t i o n ax = \n\n
%. 2 f m/ s ˆ2 ”,ax);

44 printf (”\n\n A c c e l e r a t i o n i n y d i r e c t i o n ay = \n\n
%. 2 f m/ s ˆ2 ”,ay);

45 printf (”\n\n Component o f v e l o c i t y o f c r a t e i n x
d i r e c t i o n vx = \n\n %. 1 f m/ s ”,vx);

46 printf (”\n\n Component o f v e l o c i t y o f c r a t e i n y
d i r e c t i o n vy = \n\n %. 1 f m/ s ”,vy);

47 printf (”\n\n Re su l t an t v e l o c i t y o f c r a t e v = \n\n %
. 1 f m/ s ”,v);

48 printf (”\n\n D i r e c t i o n o f v e l o c i t y o f c r a t e t h e t a =
\n\n %2i d e g r e e s ”,theta);

Scilab code Exa 4.3 C4P3

1

2

3

4 clc

5 // to f i n d d i r e c t i o n i n which c r a t e moving
6

7 // GIVEN : :
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8 // r e f e r to f i g u r e 4−8 from page no . 7 0
9 // v e l o c i t y o f p l ane
10 v =155 // i n km/h
11 // h o r i z o n t a l v e l o c i t y o f package
12 v0x = 155 // i n km/h
13 // s i n c e i n i t i a l v e l o c i t y o f package i s same tha t o f

p l ane but i n h o r i z o n t a l d i r e c t i o n
14

15 // e l e v a t i o n o f p l ane d i r e c t l y above the t a r g e t
16 y = -225 // i n meter s
17 // y i s n e g e t i v e as package s a r e f a l l i n g i n downward

d i r e c t i o n
18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.81 // i n m/ s ˆ2
20

21

22

23 // SOLUTION:
24

25 // t ime o f f a l l
26 t = sqrt (-(2*y)/g)// i n s e cond s
27 // h o r i z o n t a l d i s t a n c e t r a v e l l e d by the package i n

t ime t
28 // app l y i ng k i n emat i c e qu a t i o n s
29 x= ((v0x*t)/3600) *1000 // i n meter s
30 // ang l e o f s i g h t shou ld be
31 alpha = atand(x/abs(y))// i n d e g r e e s
32 x = round(x)

33 t = nearfloat(” succ ” ,6.78)
34 printf (”\n\n Time o f f a l l t = \n\n %. 2 f s e c ond s ”,t)

;

35 printf (”\n\n Ho r i z o n t a l d i s t a n c e t r a v e l l e d by the
package i n t ime t x = \n\n %3i mete r s ”,x);

36 printf (”\n\n Angle o f s i g h t shou ld be a lpha = \n\n
%2i d e g r e e s ”,alpha);
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Scilab code Exa 4.4 C4P4

1

2

3

4 clc

5 // to f i n d t ime t1 at which the b a l l r e a c h e s h i g h e s t
p o s i t i o n o f i t s t r a j e c t o r y

6 //maximun he i g h t at which b a l l can r each
7 // t o t a l t ime o f f l i g h t and range o f b a l l
8 // v e l o c i t y o f b a l l when i t s t r i k e s the ground
9

10 // GIVEN : :
11

12 // i n i t i a l v e l o c i t y o f b a l l
13 v0 =15.5 // i n m/ s
14 // ang l e made by the b a l l with h o r i z o n t a l
15 fi0 = 36 // i n d e g r e e s
16

17

18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.81 // i n m/ s ˆ2
20

21

22

23 // SOLUTION:
24

25 // v e r t i c a l component o f i n i t i a l v e l o c i t y o f b a l l
26 v0y = v0*sind(fi0)// i n m/ s
27 // v e r t i c a l component o f i n i t i a l v e l o c i t y o f b a l l
28 v0x = v0*cosd(fi0)// i n m/ s
29 // v e l o c i t y at the top p o s i t i o n o f t r a j e c t o r y
30 vy = 0// i n m/ s
31 // t ime t1 at which the b a l l r e a c h e s h i g h e s t
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p o s i t i o n o f i t s t r a j e c t o r y
32 // app l y i ng k i n emat i c e qu a t i o
33 t1 = (v0y -vy)/g// i n s e cond s
34 // /maximun he i g h t at which b a l l can r each
35 // as maximum he i gh t i s r eached at t ime t = t1
36 // app l y i ng k i n emat i c e qu a t i o
37 y_max = v0y*t1 -(0.5*g*t1^2) // i n meter s
38 // t o t a l t ime o f f l i g h t and range o f b a l l
39 // f o r t o t a l t ime d i s p l a c emen t = 0 i . e . y = 0
40 // app l y i ng k i n emat i c e qu a t i o
41 t2 = (2*v0y)/g// i n s e cond s
42 // range o f the b a l l
43 // he r e range i s the h o r i z o n t a l d i s t a n c e t r a v e l l e d i n

t ime t2
44 // app l y i ng k i n emat i c e qu a t i o
45 x = v0x*t2 // i n m/ s
46 // / v e l o c i t y o f b a l l when i t s t r i k e s the ground
47 // h o r i z o n t a l componebt o f v e l o c t y o f b a l l when i t

s t r i k e s the ground
48 vx = v0*cosd(fi0)// i n m/ s
49 // v e r t i c a l component o f v e l o c i t y o f b a l l when i t

s t r i k e s the ground i . e . a t t ime t2
50 vy = v0y -(g*t2)// i n m/ s
51 // app l y i ng k i n emat i c equa t i ovy = v0y−(g∗ t2 ) // i n m/ s
52 //magnitude o f v e l o c i t y o f b a l l when i t s t r i k e s the

ground
53 v = sqrt(vx^2 + vy^2) // i n m/ s
54 // d i r e c t i o n o f b a l l when i t s t r i k e s the ground from

x a x i s
55 fi = atand(vy/vx)// i n d e g r e e s
56 fi = round(fi)

57 printf (”\n\n Time t1 at which the b a l l r e a c h e s
h i g h e s t p o s i t i o n o f i t s t r a j e c t o r y t1 = \n\n %. 2 f
s e c ond s ”,t1);

58 printf (”\n\n Maximun h e i g h t at which b a l l can r each
y max = \n\n %. 1 f mete r s ”,y_max);

59 printf (”\n\n Tota l t ime o f f l i g h t and range o f b a l l
t2 = \n\n %. 2 f s econda ”,t2);
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60 printf (”\n\n Range o f the b a l l x = \n\n %. 1 f mete r s
”,x);

61 printf (”\n\n Ho r i z o n t a l componebt o f v e l o c t y o f
b a l l when i t s t r i k e s the ground vx = \n\n %. 1 f m/
s ”,vx);

62 printf (”\n\n V e r t i c a l component o f v e l o c i t y o f b a l l
when i t s t r i k e s the ground i . e . a t t ime t2 vy =
\n\n %. 1 f m/ s ”,vy);

63 printf (”\n\n Magnitude o f v e l o c i t y o f b a l l when i t
s t r i k e s the ground v = \n\n %. 1 f mete r s ”,v);

64 printf (”\n\n D i r e c t i o n o f b a l l when i t s t r i k e s the
ground from x a x i s f i = \n\n %2i d e g r e e s ”,fi);

Scilab code Exa 4.5 C4P5

1

2

3

4 clc

5 // to f i n d magnitude o f g r a v i t a t i o n a l f o r c e e x t e r t e d
on the moon by the e a r t h

6

7 // GIVEN : :
8

9 // t ime r e q u i r e d f o r i r e v o l u t i o n
10 d = 27.3 // i n days
11 // r a d i u s o f o r b i t
12 r1 = 238000 // i n mi
13 // r a d i u s o f o r b i t i n mete r s
14 r = (238000*1609.344) // i n meter s
15 //mass o f the moon
16 m = 7.36*10^22 // i n kg
17

18 // SOLUTION:
19
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20 // t ime f o r one comple te r e v o l u t i o n i n s e cond s
21 T = (27.3*86400) // i n s e cond s
22 // speed o f the moon
23 v = (2*3.14*r)/T// i n m/ s
24 v = nearfloat(” pred ” ,1019)
25 // c e n t r i p i t a l f o r c e by g r a v i t a t i o n a l f o r c e
26 // equa t i on o f c e n t r i p i t a l f o r c e F ME = mvˆ2/ r
27 F_ME = (m*v^2)/r// i n N
28 printf (”\n\n Time f o r one comple te r e v o l u t i o n i n

s e cond s T = \n\n %. 2 e s e cond s ”,T);
29 printf (”\n\n Speed o f the moon v = \n\n %4i m/ s ”,v

);

30 printf (”\n\n Magnitude o f g r a v i t a t i o n a l f o r c e
e x t e r t e d on the moon by the e a r t h F ME = \n\n %. 2
e N”,F_ME);

Scilab code Exa 4.6 C4P6

1

2

3

4 clc

5 // to f i n d we ight o f the s a t e l l i t e at h = 210km above
the ear th ’ s s u r f a c e

6 // to f i n d t a n g e n t i a l speed o f s a t e l l i t e r e q u i r e d
7

8 // GIVEN : :
9

10 //mass o f the s a t e l l i t e
11 m =1250 // i n kg
12 // a l t i t u d e at which s a t e l l i t e i s r e q u i r e d to be

p l a c ed
13 h = 210 // i n km
14 // r a d i u s o f the e a r t h
15 R = 6370 // i n km
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16 // a c c e l e r a t i o n due to g r a v i t y
17 g = 9.2 // i n m/ s ˆ2
18

19 // SOLUTION:
20

21 // we ight o f the s a t e l l i t e at the a l t i t u d e h = 210km
above ear th ’ s s u r f a c e

22 w = m*g// i n N
23 // to f i n d t a n g e n t i a l speed o f s a t e l l i t e r e q u i r e d
24 // f o r c e o f g r a v i t y i s we ight o f the s a t e l l i t e i . e .

F SE = w
25 // r a d i u s o f o r b i t o f s a t e l l i t e
26 r = R + h// i n km
27 v =sqrt(w*(r*1000)/m)// i n m/ s // t ak i n g r a d i u s i n

mete r s
28 v1 = v*(3600/1609.344) // i n mi/h
29 v1 = nearfloat(” pred ” ,17401)
30 printf (”\n\n Weight o f the s a t e l l i t e at the

a l t i t u d e h = 210km above e a r t h s s u r f a c e w = \n\n
%. 2 e N”,w);

31 printf (”\n\n Tangen t i a l speed o f s a t e l l i t e r e q u i r e d
v = \n\n %4i m/ s ”,v);

32 printf (”\n\n Tangen t i a l speed o f s a t e l l i t e r e q u i r e d
v = \n\n %5i mi/h”,v1);

Scilab code Exa 4.7 C4P7

1

2

3

4 clc

5 // to f i n d v e l o c i t y o f p l ane with r e s p e c t to ground
6 // to f i n d compass r e ad i n g i f p i l o t w i sh e s to f l y due

e a s t
7

49



8 // GIVEN : :
9 // r e f e r to f i g u r e 4−18(a ) , ( b ) from page no . 7 7
10 // speed o f a i r on the i n d i c a t o r
11 V_PA =215 // i n km/h
12 // v e l o c i t y o f wind b lowing due nor th
13 V_AG = 65 // i n km/h
14

15

16 // SOLUTION:
17

18

19 //magnitude o f v e l o c i t y o f p l ane with r e s p e c t to
ground

20 V_PG1 = sqrt(V_PA^2 + V_AG ^2) // i n km/h
21 // d i r e c t i o n o f p l ane
22 // ang l e made by the p l ane with e a s t d i r e c t i o n
23 alpha = atand(V_AG/V_PA)// i n d e g r e e s
24

25 //magnitude o f v e l o c i t y o f p l ane i f p i l o t w i sh e s to
f l y due e a s t

26 //now v e l o c i t y o f p l ane with r e s p e c t to groung
p o i n t s e a s t

27 V_PG2 = sqrt(V_PA^2 - V_AG ^2) // i n km/h
28 // d i r e c t i o n o f p l ane
29 // ang l e made by the p l ane with e a s t d i r e c t i o n
30 bita = asind(V_AG/V_PA)// i n d e g r e e s
31 V_PG1 = round(V_PG1)

32 V_PG2 = round(V_PG2)

33 printf (”\n\n Magnitude o f v e l o c i t y o f p l ane with
r e s p e c t to ground V PG1 = \n\n %3i km/h”,V_PG1);

34 printf (”\n\n Angle made by the p l ane with e a s t
d i r e c t i o n a lpha = \n\n %. 1 f d e g r e e s ”,alpha);

35 printf (”\n\n Magnitude o f v e l o c i t y o f p l ane i f
p i l o t w i sh e s to f l y due e a s t V PG2 = \n\n %3i km/
h”,V_PG2);

36 printf (”\n\n Angle made by the p l ane with e a s t
d i r e c t i o n b i t a = \n\n %. 1 f d e g r e e s ”,bita);
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Chapter 5

APPLICATIONS OF
NEWTONS LAWS

Scilab code Exa 5.1 C5P1

1

2 clear

3 clc

4 // to f i n d t e n s i o n i n t h r e e s t r i n g s , TA,TB and TC in
s t r i n g s A,B and C r e s p e c t i v e l y .

5

6 // GIVEN : :
7 // r e f e r to f i g u r e 5−4(a ) on page no . 91
8 //mass o f b l o ck
9 m = 15 // i n kg

10 // a c c e l e r a t i o n due to g r a v i t y
11 g = 9.81 // i n m/ s ˆ2
12

13 // SOLUTION:
14

15 // c o n s i d e r i n g f r e e body diagram 5−4(b ) l e t TA,TB,TC
are t e n s i o n s i n s t r i n g A,B and C r e s p e c t i v e l y .

16 // app l y i ng newton ’ s s econd law to the knot i . e . SUM(
f o r c e s ) = mass∗ a c c e l e r a t i o n
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17 // r e s o l v i n g f o r c e s f i r s t i n y d i r e c t i o n r e f e r f i g .
5−4(d )

18 // r e s o l v i n g f o r c e s f i r s t i n x and y d i r e c t i o n r e f e r
f i g . 5−4( c )

19 // s o l v i n g e qua t i o n s by g e n e r a t i n g matr ix
20

21 A = [-cosd (30) cosd (45) 0 ; sind (30) sind (45) -1 ; 0

0 1]

22 B = [0;0;(m*g)]

23

24

25 C = A\B

26 // t e n s i o n i n s t i n g A
27 TA = C(1);// i n N
28 // t e n s i o n i n s t i n g B
29 TB = C(2);// i n N
30 // t e n s i o n i n s t i n g C
31 TC = C(3);// i n N
32 TA = round(C(1))

33 TB = round(C(2))

34 TC = round(C(3))

35

36 printf (”\n\n Tens ion i n s t r i n g A i s TA = \n\n %3i N
”,TA);

37 printf (”\n\n Tens ion i n s t r i n g B i s TB = \n\n %3i N
”,TB);

38 printf (”\n\n Tens ion i n s t r i n g C i s TC = \n\n %3i N
”,TC);

Scilab code Exa 5.2 C5P2

1

2 clear

3 clc

4 // to f i n d t e n s i o n i n the s t r i n g ( 1 ) when e l e v a t o r

52



de s c end ing with c on s t an t v e l o c i t y and ( 2 )
a s c end i ng with the a c c e l e r a t i o n o f 3 . 2 m/ s ˆ2

5

6 // GIVEN : :
7 // r e f e r to f i g u r e 5−2(a ) on page no . 91
8 //mass o f b l o ck
9 m = 2.4 // i n kg
10 // a c c e l e r a t i o n due to g r a v i t y
11 g = 9.81 // i n m/ s ˆ2
12 // a c c e l e r a t i o n o f e l e v a t o r i n y d i r e c t i o n wh i l e

d e s c end ing
13 ay1 = 0// i n m/ s ˆ2 s i n c e e l e v a t o r i s moving with

c on s t an t v e l o c i t y
14 // a c c e l e r a t i o n o f e l e v a t o r i n y d i r e c t i o n wh i l e

a s c end i ng
15 ay2 = 3.2 // i n m/ s ˆ2
16

17

18 // SOLUTION:
19

20 //when e l e v a t o r i s d e s c end ing
21 // c o n s i d e r i n g f r e e body diagram 5−4b from page no . 9 1
22 // r e s o l v i n g f o r c e s f i r s t i n y d i r e c t i o n
23 // app l y i ng newton ’ s s econd law i . e . SUM( f o r c e s ) =

mass∗ a c c e l e r a t i o n
24 T1 = (m*(g+ay1))// i n N
25

26 //when e l e v a t o r i s d e s c end ing
27 // c o n s i d e r i n g f r e e body diagram 5−4b from page no . 9 1
28 // r e s o l v i n g f o r c e s f i r s t i n y d i r e c t i o n
29 // app l y i ng newton ’ s s econd law i . e . SUM( f o r c e s ) =

mass∗ a c c e l e r a t i o n
30 T2 = m*(g+ay2)// i n N
31 T1 = round(T1)

32 printf (”\n\n Tens ion i n the s t r i n g when e l e v a t o r
d e s c end ing with c on s t an t v e l o c i t y T1 = \n\n %2i N
”,T1);

33 printf (”\n\n Tens ion i n the s t r i n g when e l e v a t o r
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a s c end i ng with a c c e l e r a t i o n o f 3 . 2m/ s ˆ2 T2 = \n\n
%2i N”,T2);

Scilab code Exa 5.3 C5P3

1

2 clear

3 clc

4 // to ana l y s e the motion i f ( 1 ) cord i s h o r i z o n t a l and
( 2 ) the cord i s making an ang l e o f 15 d eg r e e with
the h o r i z o n t a l

5

6 // GIVEN : :
7 // r e f e r to f i g u r e 5−7(a ) on page no . 92
8 //mass o f s l e d
9 m = 7.5 // i n kg

10 // f o r c e by which s l e d i s p u l l e d
11 P = 21.0 // i n N
12 // ang l e made by s l e d with h o r i z o n t a l
13 theta = 15 // i n d e g r e e s
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.81 // i n m/ s ˆ2
16

17 // SOLUTION:
18

19 //when cord i s h o r i z o n t a l
20

21 // c o n s i d e r i n g f r e e body diagram 5−7b from page no
. 9 2 .

22 // eua t i n g f o r c e s i n x d i r e c t i o n
23 // app l y i ng newton ’ s s e cong law o f motion
24 // h o r i z o n t a l a c c e l e r a t i o n
25 ax = P/m// i n m/ s ˆ2
26 // // equa t i ng f o r c e s i n y d i r e c t i o n
27 // app l y i ng newton ’ s s e cong law o f motion
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28 // f o r c e e x e r t e d bu s u r f a c e
29 N = round(m*g)// i n N
30

31 //when cord i s making an ang l e o f 15 d eg r e e with
the h o r i z o n t a l

32

33 // c o n s i d e r i n g f r e e body diagram 5−7c from page no
. 9 3 .

34 // eua t i n g f o r c e s i n x d i r e c t i o n and app l y i ng newton ’
s s e cong law o f motion

35 // a c c e l e r a t i o n
36 a_x = P*cosd(theta)/m// i n m/ s ˆ2
37 // // eua t i n g f o r c e s i n y d i r e c t i o n
38 // app l y i ng newton ’ s s e cong law o f motion
39 // normal f o r c e e x e r t e d bu s u r f a c e
40 N_2 = ceil((m*g)-(P*sind(theta)))// i n N
41 N = round(N)

42 N_2 = ceil(N_2)

43

44 printf (”\n\n Normal f o r c e e x e r t e d bu s u r f a c e when
cord i s h o r i z o n t a l N1 = \n\n %2i N”,N);

45 printf (”\n\n A c c e l e r a t i o n i n x d i r e c t i o n when cord
i s h o r i z o n t a l ax1 = \n\n %. 2 f m/ s ˆ2 ”,ax);

46 printf (”\n\n Normal f o r c e e x e r t e d bu s u r f a c e when
cord i s making an ang l e o f 15 d eg r e e with the
h o r i z o n t a l N2 = \n\n %2i N”,N_2);

47 printf (”\n\n A c c e l e r a t i o n i n x d i r e c t i o n when cord
i s making an ang l e o f 15 d eg r e e with the
h o r i z o n t a l ax2 = \n\n %. 2 f m/ s ˆ2 ”,a_x);

Scilab code Exa 5.4 C5P4

1

2 clear

3 clc
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4 // to f i n d t e n s i o n i n the s t r i n g and normal f o r c e
e x e r t e d on the b l o ck by the p l ane

5 // to ana l y s e the motion when the s t r i n g i s cut
6

7 // GIVEN : :
8 // r e f e r to f i g u r e 5−7(a ) on page no . 92
9 //mass o f b l o ck
10 m = 18 // i n kg
11 // ang l e o f i n c l i n a t i o n o f p l ane
12 theta = 27 // i n d e g r e e s
13 // a c c e l e r a t i o n due to g r a v i t y
14 g = 9.81 // i n m/ s ˆ2
15

16

17 // SOLUTION:
18

19 // r e f e r to the f i g u r e 5−8a from page no . 93
20 // c o n s i d e r i n g f r e e body diagram 5−8b from page no

. 9 3 .
21

22 //whenthe b l o ck i s s t a t i o n a r y on the p l ane
23 // equa t i ng f o r c e s i n x d i r e c t i o n
24 // app l y i ng newton ’ s s econd law o f motion
25 // t e n s i o n i n the s t r i n g
26 T = m*g*sind(theta)// i n N
27 // equa t i ng f o r c e s i n y d i r e c t i o n
28 // app l y i ng newton ’ s s econd law o f motion
29 // normal r e a c t i o n by the s u r f a c e
30 N = m*g*cosd(theta)// i n N
31

32 //when the s t r i n g i s cut
33 // equa t i ng f o r c e s i n x d i r e c t i o n
34 // app l y i ng newton ’ s s econd law o f motion
35 // a c c e l e r a t i o n o f b l o ck i n x d i r e c t i o n ax
36 ax = -(g*sind(theta))// i n m/ s ˆ2
37 //−ve s i g n i n d i c a t e s a c c e l e r a t i o n a c t i n g i n −ve x

d i r e c t i o n i . e . downwards
38 printf (”\n\n Tens ion i n the s t r i n g T = \n\n %2i N”,
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T);

39 printf (”\n\n Normal f o r c e e x e r t e d on the b l o ck by
the p l ane N = \n\n %3i N”,N);

40 printf (”\n\n A c c e l e r a t i o n o f b l o ck i n x d i r e c t i o n
when the s t r i n g i s cut ax = \n\n %. 2 f m/ s ˆ2 ”,ax)
;

Scilab code Exa 5.7 C5P7

1

2

3 clc

4 // to f i n d t e n s i o n i n the s t r i n g
5 // to f i n d a c c e l e r a t i o n o f b l o c k s
6

7 // GIVEN : :
8 // r e f e r to f i g u r e 5−11(a ) on page no . 95
9 //mass o f f i r s t b l o ck
10 m1 = 9.5 // i n kg
11 // ang l e o f i n c l i n a t i o n o f p l ane
12 theta = 34 // i n d e g r e e s
13 //mass o f s econd b l o ck
14 m2 = 2.6 // i n kg
15 // a c c e l e r a t i o n due to g r a v i t y
16 g = 9.81 // i n m/ s ˆ2
17

18

19 // SOLUTION:
20

21 // r e f e r to the f r e e body diagrams 5−11b and 5−11c
from page no . 95

22

23

24 // f o r mass m1
25 // assuming m1 moves i n p o s i t i v e x d i r e c t i o n
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26 // equa t i ng f o r c e s i n x d i r e c t i o n and app l y i ng newton
’ s s econd law o f motion

27 // equa t i ng f o r c e s i n y d i r e c t i o n and app l y i ng newton
’ s s econd law o f motion

28

29 // f o r mass m2
30 // equa t i ng f o r c e s i n y d i r e c t i o n and app l y i ng newton

’ s s econd law o f motion
31 // s o l v i n g above e qua t i o n s s imu l t a n e ou s l y u s i n g

matr ix form
32 // a c c e l e r a t i o n o f b l o c k s
33 a = (m2 -(m1*sind(theta)))*g/(m1 + m2)// i n m/ s ˆ2
34 // i f ans . f o r a i s −ve then our assumpt ion i s wrong

i . e . m1 i s moving i n −ve x d i r e c t i o n but
magnitude o f ans i s c o r r e c t

35 // t e n s i o n i n the s t r i n g
36 T = ((m1*m2*g)*(1 + sind(theta)))/(m1 + m2)// i n N
37

38 printf (”\n\n A c c e l e r a t i o n o f b l o c k s a = \n\n %. 1 f m
/ s ˆ2 ”,a);

39 printf (”\n\n Tens ion i n the s t r i n g T = \n\n %2i N”,
T);

Scilab code Exa 5.9 C5P9

1

2 clear

3 clc

4 // to f i n d s h o r t e s t d i s t a n c e i n which automob i l e can
s top

5

6

7 // GIVEN : :
8 // r e f e r to f i g u r e 5−16 on page no . 99
9 // i n i t i a l v e l o c i t y o f au tomob i l e i n mi/h
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10 v01 = 60 // i n mi/h
11 // c o e f f i c i e n t o f s t a t i c f r i c t i o n
12 mew_s = 0.60

13 // a c c e l e r a t i o n o f g r a v i t y
14 g = 9.81 // i n m/ s ˆ2
15

16 // SOLUTION:
17 //N i s normal r e a c t i o n f o r c e by s u r f a c e .
18 // r e f e r to the f r e e body diagrams 5−16b from page no

. 95
19

20 // i n i t i a l v e l o c i t y o f au tomob i l e i n m/ s
21 v0 = v01 *(1609/3600) // i n m/ s
22 // app l y i ng newton ’ s law in x and y d i r e c t i o n
23 // app l y i ng k i n emat i c e qua t i on o f motion
24 // s h o r t e s t d i s t a n c e i n which automob i l e can s top
25 d = ((v0^2) /(2* mew_s*g))// i n meter s
26 d = ceil(d)

27 printf (”\n\n Sho r t e s t d i s t a n c e i n which automob i l e
can s top d = \n\n %2i m”,d);

Scilab code Exa 5.10 C5P10

1

2 clear

3 clc

4 // to f i n d t e n s i o n i n the s t r i n g and normal f o r c e
e x e r t e d on the b l o ck by the p l ane

5 // to ana l y s e the motion when the s t r i n g i s cut
6

7 // GIVEN : :
8 // r e f e r to problem 5 . 7 from page no . 95
9 //mass o f f i r s t b l o ck
10 m1 = 9.5 // i n kg
11 // ang l e o f i n c l i n a t i o n o f p l ane
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12 theta = 34 // i n d e g r e e s
13 //mass o f s econd b l o ck
14 m2 = 2.6 // i n kg
15 // a c c e l e r a t i o n due to g r a v i t y
16 g = 9.81 // i n m/ s ˆ2
17 // c o e f f i c i e n t o f s t a t i c f r i c t i o n
18 mew_s = 0.24

19 // c o e f f i c i e n t o f k i n e t i c f r i c t i o n
20 mew_k = 0.15

21

22

23

24 // SOLUTION:
25 //T i s t e n s i o n i n the s p r i n g and N i s normal

r e a c t i o n f o r c e by s u r f a c e .
26 // r e f e r to the f r e e body diagrams 5−17a from page no

. 99
27

28 // f o r mass m1 and m2
29 // assuming m1 moves i n p o s i t i v e x d i r e c t i o n
30 // equa t i ng f o r c e s i n x d i r e c t i o n and app l y i ng newton

’ s s econd law o f motion
31 // equa t i ng f o r c e s i n y d i r e c t i o n and app l y i ng newton

’ s s econd law o f motion
32 // a c c e l e r a t i o n o f b l o c k s
33 a = (m2 -(m1*(sind(theta)- (mew_k*cosd(theta)))))*g/(

m1 + m2)// i n m/ s ˆ2
34 // i f ans . f o r a i s −ve then our assumpt ion i s wrong

i . e . m1 i s moving i n −ve x d i r e c t i o n but
magnitude o f ans i s c o r r e c t

35 // t e n s i o n i n the s t r i n g
36 T = (((m1*m2*g)*(1 + sind(theta) - (mew_k*cosd(theta

))))/(m1 + m2))// i n N
37 T = round(T)

38

39 printf (”\n\n A c c e l e r a t i o n o f b l o c k s a = \n\n %. 1 f m
/ s ˆ2 ”,a);

40 printf (”\n\n Tens ion i n the s t r i n g T = \n\n %2i N”,
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T);

Scilab code Exa 5.11 C5P11

1

2 clear

3 clc

4 // to f i n d t ime r e q u i r e d by the ca r to come to r e s t .
5 // to f i n d the d i s t a n c e t r a v e l l e d by ca r b e f o r e

s t opp i ng .
6

7

8 // GIVEN : :
9

10 //mass o f c a r
11 m = 1260 // i n kg
12 // v e l o c i t y o f c a r
13 v0x = 29.2 // i n m/ s
14 // r a t e at which b r e ak i ng f o r c e i n c r e a s e s with t ime
15 c = 3360 // i n N/ s
16

17 // SOLUTION:
18 // assuming car ’ s v e l o c i t y i s i n +ve x d i r e c t i o n
19 // app l y i ng newton ’ s s econd law o f motion
20 // app l y i ng k i n emat i c e qua t i on o f motion to d e r i v e

v e l o c i t y r e l a t i o n and d i s t a n c e t r a v e l l e d r e l a t i o n
21 // t ime r e q u i r e d by the ca r to come to r e s t
22 t1 = sqrt ((2* v0x*m)/c)// i n s e cond s
23 // d i s t a n c e t r a v e l l e d by ca r b e f o r e s t opp i ng
24 // he r e we a r e t ak i n g t ime i s t1 and x0 i s 0
25 x(t1) = 0 + (v0x*t1) -((c*(t1^3))/(6*m))// i n meter s
26 printf (”\n\n Time r e q u i r e d by the ca r to come to

r e s t t1 = \n\n %. 2 f s e c ond s ”,t1);
27 printf (”\n\n D i s t anc e t r a v e l l e d by ca r b e f o r e

s t opp i ng x ( t1 ) = \n\n %. 1 f m”,x(t1));
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Chapter 6

MOMENTUM

Scilab code Exa 6.1 C6P1

1

2 clear

3 clc

4 // to f i n d imp lu s e o f the f o r c e e x e r t e d on the b a l l .
5 // to f i n d ave rage f o r c e assuming c o l l i s i o n l a s t s f o r

1 . 5ms
6 // to f i n d the change i n momentum o f the bat
7

8 // GIVEN : :
9 // r e f e r to f i g u r e 6−8(a ) on page no . 123

10 //mass o f b a s e b a l l
11 m = 0.14 // i n kg
12 // r e f e r to f i g u r e 6 . 1
13 // h o r i z o n t a l speed o f the b a l l
14 vi = 42 // i n m/ s
15 // speed at which b a l l l e a e s i . e . f i n a l speed o f the

b a l l
16 vf = 50 // i n m/ s
17 // ang l e at which b a l l l e a v e s
18 fi = 35 // i n d e g r e e s
19 // t ime f o r which c o l l i s i o n l a s t s
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20 delta_t = 0.0015 // i n s e cond s
21

22 // SOLUTION:
23

24 // r e f e r to f i g u r e 6−8(a ) on page no . 123
25 // component o f f i n a l momentum in x d i r e c t i o n
26 pfx = m*vf*cosd(fi)// i n kgm/ s
27 // component o f f i n a l momentum in y d i r e c t i o n
28 pfy = m*vf*sind(fi)// i n kgm/ s
29 // s i n c e i n i t i a l momentum has on ly x componen
30 piy = 0// i n kgm/ s
31 // component o f i n t i a l momentum in x d i r e c t i o n
32 // c o n s i d e r i n g our c o o r d i n a t e system as shown 6−8(a )
33 pix = m*(-vi)// i n kgm/ s
34 // u s i n g imp lu s e momentum r e l a t i o n
35 // component o f imp lu s e i n x d i r e c t i o n
36 Jx = pfx -pix // i n kgm/ s
37 // component o f imp lu s e i n y d i r e c t i o n
38 Jy = pfy -piy // i n kgm/ s
39 // f i n a l magnitude o f imp lu s e
40 J = sqrt(Jx^2 + Jy^2) // i n kgm/ s
41 // d i r e c t i o n i n which imp lu s e a c t s
42 theta = atand(Jy/Jx)// i n d e g r e e s
43 // ave rage f o r c e
44 // u s i n g imp lu s e f o r c e r e l a t i o n s h i p
45 Fav = J/delta_t // i n N
46 Fav = nearfloat(” succ ” ,8200)
47

48 // app l y i ng newton ’ s t h i r d law o f motion
49 // f o r bat d e l t a p x w i l l be equa l and opp o s i t e to

tha t o f b a l l
50 // component change i n momemtum in x d i r e c t i o n
51 delta_px = -(pfx - pix)// i n kgm/ s
52 // component change i n momemtum in y d i r e c t i o n
53 delta_py = -(pfy - piy)// i n kgm/ s
54

55 printf (”\n\n Component o f f i n a l momentum in x
d i r e c t i o n p fx = \n\n %. 1 f kgm/ s ”,pfx);
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56 printf (”\n\n Component o f f i n a l momentum in y
d i r e c t i o n p fy = \n\n %. 1 f kgm/ s ”,pfy);

57 printf (”\n\n Component o f i n t i a l momentum in x
d i r e c t i o n p ix = \n\n %. 1 f kgm/ s ”,pix);

58 printf (”\n\n Component o f imp lu s e i n x d i r e c t i o n Jx
= \n\n %. 1 f kgm/ s ”,Jx);

59 printf (”\n\n Component o f imp lu s e i n y d i r e c t i o n Jy
= \n\n %. 1 f kgm/ s ”,Jy);

60 printf (”\n\n F ina l magnitude o f imp lu s e J = \n\n %
. 1 f kgm/ s ”,J);

61 printf (”\n\n D i r e c t i o n i n which imp lu s e a c t s t h e t a
= \n\n %2i d e g r e e s ”,theta);

62 printf (”\n\n Average f o r c e Fav = \n\n %4i N”,Fav);
63 printf (”\n\n Component change i n momemtum in x

d i r e c t i o n d e l t a p x = \n\n %. 1 f kgm/ s ”,delta_px);
64 printf (”\n\n Component change i n momemtum in y

d i r e c t i o n d e l t a p y = \n\n %. 1 f kgm/ s ”,delta_py);

Scilab code Exa 6.2 C6P2

1

2 clear

3 clc

4 // to f i n d v e l o c i t y o f c a r t s a f t e r c o l l i s i o n
5

6 // GIVEN : :
7 //we c o n s i d e r +ve x d i r e c t i o n as d i r e c t i o n o f motion

o f f i r s t c a r t
8 // r e f e r to f i g u r e 6−9 on page no . 123
9 //mass o f f i r s t c a r t
10 m1 = 0.24 // i n kg
11 // i n i t i a l v e l o c i t y o f f i r s t c a r t
12 v1i = 0.17 // i n m/ s
13 // i n i t i a l v e l o c i t y o f s econd c a r t
14 // as 2nd c a r t i s i n i t i a l l y at r e s t
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15 v2i = 0// i n m/ s
16 //mass o f s econd c a r t
17 m2 = 0.68 // i n kg
18

19

20

21 // SOLUTION:
22

23 // r e f e r to f i g u r e 6−9 on page no . 123
24 // u s i n g imp lu s e f o r c e r e l a t i o n s h i p
25 //magnitude o f imp lu s e i . e . a r ea under graph 6−9 on

page 123
26 J = 0.5*(0.014 -0.003) *10 // i n kgm/ s
27

28 // assuming d i r e c t i o n o f motion o f f i r s t c a r t i s i n +
ve x d i r e c t i o n

29 // change i n momentum in x d i r e c t i o n f o r f i r s t c a r t
30 delta_p1x = -(J)// i n kgm/ s
31 // i n i t i a l momentum o f f i r s t c a r t i n x d i r e c t i o n
32 p1ix = m1*v1i // i n kgm/ s
33 // f i n a l momentum f o r f i r s t c a r t
34 p1fx = p1ix + delta_p1x // i n kgm/ s
35 // f i n a l v e l o c i t y o f f i r s t c a r t i n x d i r e c t i o n
36 v1fx = p1fx/m1 // i n m/ s
37 v1fx = nearfloat(” pred ” ,-0.058)
38

39

40 // as d i r e c t i o n o f motion o f f i r s t c a r t i s i n +ve x
d i r e c t i o n f o r second c a r t i t w i l l be i n −ve x
d i r e c t i o n

41 // u s i n g newton ’ s t h i r d law o f motion
42 // change i n momentum in x d i r e c t i o n f o r second c a r t
43 delta_p2x = (J)// i n kgm/ s
44 // i n i t i a l momentum o f second c a r t i n x d i r e c t i o n
45 p2ix = m2*v2i // i n kgm/ s
46 // f i n a l momentum f o r second c a r t
47 p2fx = p2ix + delta_p2x // i n kgm/ s
48 // f i n a l v e l o c i t y o f s econd c a r t i n x d i r e c t i o n
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49 v2fx = p2fx/m2 // i n m/ s
50 printf (”\n\n Magnitude o f imp lu s e J = \n\n %. 3 f Kg .

m/ s ”,J);
51 printf (”\n\n Change i n momentum in x d i r e c t i o n f o r

f i r s t c a r t d e l t a p 1 x = \n\n %. 3 f Kg .m/ s ”,
delta_p1x);

52 printf (”\n\n F ina l momentum f o r f i r s t c a r t p1 fx = \
n\n %. 3 f Kg .m/ s ”,p1fx);

53 printf (”\n\n F ina l v e l o c i t y o f f i r s t c a r t i n x
d i r e c t i o n v1 fx = \n\n %. 3 f m/ s ”,v1fx);

54 printf (”\n\n F ina l momentum f o r second c a r t p2 fx =
\n\n %. 3 f Kg .m/ s ”,p2fx);

55 printf (”\n\n F ina l v e l o c i t y o f s econd c a r t i n x
d i r e c t i o n v2 fx = \n\n %. 3 f m/ s ”,v2fx);

Scilab code Exa 6.3 C6P3

1

2 clear

3 clc

4 // to f i n d d i r e c t i o n i n which Fred i s s k a t i n g a f t e r
b r e ak i ng i n c on t a c t

5

6 // GIVEN : :
7 //we c o n s i d e r +ve x d i r e c t i o n f o r i n i t i a l motion
8 // r e f e r to f i g u r e 6−11 on page no . 125
9 //mass o f Fred
10 mF = 75 // i n kg
11 //mass o f Ginger c a r t
12 mG = 55 // i n kg
13 //common v e l o c i t y o f Fred ang Ginger
14 vG = 3.2 // i n m/ s
15 vF = 3.2 // i n m/ s
16 // a f t e r b r e ak i ng c on t a c t ang l e o f Ginger s k a t i n g
17 theta1 = 32 // i n d e g r e e s

67



18

19 // SOLUTION:
20

21 // r e f e r to f i g u r e 6−11(a ) on page no . 125
22 // u s i n g c on s e v a t i o n o f momentum
23 //x component o f Ginger o r i g n a l momentum
24 PGx = mG*vG // i n kgm/ s
25 //x component o f Fred o r i g n a l momentum
26 PFx = mF*vF // i n kgm/ s
27 // a f t e r they push o f f y component o f Ginger momentum
28 PGy = PGx*tand(theta1)// i n kgm/ s
29 // a f t e r they push o f f y component o f Fred momentum

w i l l be o pp o s i t e tha t o f Ginger
30 // u s i n g c on s e v a t i o n o f momentum
31 PFy = -(PGy)// i n kgm/ s
32 tan_theta = (PFy/PFx)

33 // d i r e c t i o n i n which Fred i s s k a t i n g a f t e r b r e ak i ng
i n c on t a c t

34 theta = atand(PFy/PFx)// i n d e g r e e s
35 PGy = round(PGy)

36 theta = round(theta)

37

38 printf (”\n\n X component o f Ginger o r i g n a l momentum
PGx = \n\n %3i Kg .m/ s ”,PGx);

39 printf (”\n\n X component o f Fred o r i g n a l momentum
PFx = \n\n %3i Kg .m/ s ”,PFx);

40 printf (”\n\n A f t e r they push o f f y component o f
Ginger momentum PGy = \n\n %3i Kg .m/ s ”,PGy);

41 printf (”\n\n Value o f t a n t h e t a = \n\n %. 3 f d e g r e e s
”,tan_theta);

42 printf (”\n\n D i r e c t i o n i n which Fred i s s k a t i n g
a f t e r b r e ak i ng i n c on t a c t t h e t a = \n\n %2i
d e g r e e s ”,theta);

Scilab code Exa 6.4 C6P4
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1

2 clear

3 clc

4 // to f i n d f i n a l v e l o c i t y o f man when s e a t e d i n
rowboat

5

6 // GIVEN : :
7 //we c o n s i d e r +ve x d i r e c t i o n as man ’ s o r i g i n a l

v e l o c i t y
8 // r e f e r to f i g u r e 6−12 on page no . 126
9 //mass o f man
10 mm = 65 // i n kg
11 // speed o f man i n i t i a l l y i n x d i r e c t i o n
12 vmx = 4.9 // i n m/ s
13 //mass o f rowboat
14 mb = 88 // i n kg
15 // speed o f rowboat i n x d i r e c t i o n
16 vbx = 1.2 // i n m/ s
17

18 // SOLUTION:
19

20 // r e f e r to f i g u r e 6−12(a ) and 6−12(b ) on page no .
126

21

22

23 // b e f o r e man jumps
24 //momentum o f man in x d i r e c t i o n
25 pmx = mm*vmx // i n kgm/ s
26 //momentum o f boat i n x d i r e c t i o n
27 pbx = mb*vbx // i n kgm/ s
28 // t o t a l i n i t i a l momentum in x d i r e c t i o n
29 pix = pmx + pbx // i n kgm/ s
30

31 // a f t e r man jumps
32 // combined f i n a l momentum o f man and boat i n x

d i r e c t i o n
33 // app l y i ng c o n s e r v a t i o n o f momentum f o r boat and man
34 // f i n a l v e l o c i t y o f man when s e a t e d i n rowboat i n x
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d i r e c t i o n
35 vfx = (pix/(mm + mb))// i n m/ s
36 printf (”\n\n Tota l i n i t i a l momentum in x d i r e c t i o n

p ix = \n\n %. 3 i Kg .m/ s ”,pix);
37 printf (”\n\n F ina l v e l o c i t y o f man when s e a t e d i n

rowboat i n x d i r e c t i o n v fx = \n\n %. 1 f m/ s ”,vfx);

Scilab code Exa 6.5 C6P5

1

2 clear

3 clc

4 // to f i n d v e l o c i t y o f s econd g l i d e r a f t e r c o l l i s i o n
5

6 // GIVEN : :
7

8 //we c o n s i d e r +ve x d i r e c t i o n as i n i t i a l motion o f
f i r s t g l i d e r

9 //mass o f f i r s t g l i d e r
10 m1 = 1.25 // i n kg
11 // i n i t i a l v e l o c i t y o f f i r s t g l i d e r i n +ve x

d i r e c t i o n
12 v1ix = 3.62 // i n m/ s
13 //mass o f s econd g l i d e r
14 m2 = 2.30 // i n kg
15 // f i n a l v e l o c i t y o f f i r s t g l i d e r i n +ve x d i r e c t i o n
16 // − s i g n s i n c e a f t e r c o l l i s i o n f i r s t g l i d e r i s

moving i n −ve x d i r e c t i o n
17 v1fx = -1.07 // i n m/ s
18 // i n i t i a l v e l o c i t y o f s econd g l i d e r i n +ve x

d i r e c t i o n
19 // s i n c e 2nd g l i d e r i s i n i t i a l l y at r e s t
20 v2ix = 0// i n m/ s
21

22 // SOLUTION:
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23

24 // app l y i ng c o n s e r v a t i o n o f momentum
25 // f i n a l v e l o c i t i y o f s econd g l i d e r i n +ve x

d i r e c t i o n
26 v2fx = (m1/m2)*(v1ix -v1fx)// i n m/ s
27 // change i n momentums f o r g l i d e r hav ing mass m1
28 delta_p1x = m1*(v1fx -v1ix)// i n Kg .m/ s
29 // change i n momentums f o r g l i d e r hav ing mass m2
30 delta_p2x = m2*(v2fx -v2ix)// i n Kg .m/ s
31

32 printf (”\n\n V e l o c i t i y o f s econd g l i d e r i n +ve x
d i r e c t i o n a f t e r c o l l i s i o n v2 fx = \n\n %. 2 f m/ s ”,
v2fx);

33 printf (”\n\n Change i n momentums f o r g l i d e r hav ing
mass m1 d e l t a p 1 x = \n\n %. 2 f Kg .m/ s ”,delta_p1x);

34 printf (”\n\n Change i n momentums f o r g l i d e r hav ing
mass m2 d e l t a p 2 x = \n\n %. 2 f Kg .m/ s ”,delta_p2x);

Scilab code Exa 6.6 C6P6

1

2 clear

3 clc

4 // to f i n d f i n a l v e l o c i t y o f combinat ion o f 1 s t and 2
nd g l i d e r

5

6 // GIVEN : :
7 // r e f e r to problem 6−5 from page no . 127
8

9 //we c o n s i d e r +ve x d i r e c t i o n as i n i t i a l motion o f
f i r s t g l i d e r

10 //mass o f f i r s t g l i d e r
11 m1 = 1.25 // i n kg
12 // i n i t i a l v e l o c i t y o f f i r s t g l i d e r i n +ve x

d i r e c t i o n
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13 v1ix = 3.62 // i n m/ s
14 //mass o f s econd g l i d e r
15 m2 = 2.30 // i n kg
16 // i n i t i a l v e l o c i t y o f s econd g l i d e r i n +ve x

d i r e c t i o n
17 // s i n c e 2nd g l i d e r i s i n i t i a l l y at r e s t
18 v2ix = 0// i n m/ s
19

20

21 // SOLUTION:
22

23 // app l y i ng c o n s e r v a t i o n o f momentum
24 // f i n a l v e l o c i t i y o f s econd g l i d e r i n +ve x

d i r e c t i o n
25 vfx = (m1*v1ix)/(m1 + m2)// i n m/ s
26 // change i n momentums f o r g l i d e r hav ing mass m1
27 delta_p1x = m1*(vfx -v1ix)// i n Kg .m/ s
28 // change i n momentums f o r g l i d e r hav ing mass m2
29 delta_p2x = m2*(vfx -v2ix)// i n Kg .m/ s
30

31 printf (”\n\n F ina l v e l o c i t y o f combinat i on o f 1 s t
and 2nd g l i d e r v fx = \n\n %. 2 f m/ s ”,vfx);

32 printf (”\n\n Change i n momentums f o r g l i d e r hav ing
mass m1 d e l t a p 1 x = \n\n %. 2 f Kg .m/ s ”,delta_p1x);

33 printf (”\n\n Change i n momentums f o r g l i d e r hav ing
mass m2 d e l t a p 2 x = \n\n %. 2 f Kg .m/ s ”,delta_p2x);

Scilab code Exa 6.7 C6P7

1

2

3

4 clc

5 // to f i n d f i n a l speed o f l a r g e r c r a f t
6
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7 // GIVEN : :
8 // r e f e r to diagram 6−14 from page no . 127
9

10 //we c o n s i d e r +ve x d i r e c t i o n as o r i g i n a l motion o f
s p a c e s h i p ( and a l s o tha t o f f i n a l v e l o c i t y o f
sma l l e r c r a f t )

11 // t o t a l mass o f s p a c e s h i p
12 //M = m// in kg
13 // l e t us c o n s i d e r m = 1
14 M = 1// i n kg
15 //mass o f sma l l e r c r a f y
16 //m1 = m/4// in kg
17 m1 = 1/4 // i n kg
18 //mass o f l a r g e r c r a f t
19 //m2 =3∗ m/4// in kg
20 m2 =3* 1/4 // i n kg
21 // i n i t i a l v e l o c i t y o f s p a c e s h i p i n +ve x d i r e c t i o n
22 vix = 8.45 // i n km/ s
23 // f i n a l speed o f sma l l e r c r a f t i n +ve x d i r e c t i o n
24 v1fx = 11.63 // i n km/ s
25

26

27 // SOLUTION:
28

29 // app l y i ng c o n s e r v a t i o n o f momentum
30 // f i n a l v e l o c i t y o f l a r g e r c r a f t i n +ve x d i r e c t i o n
31 v2fx = (((m1 + m2)*vix) -(m1*v1fx))/m2 // i n m/ s
32

33 printf (”\n\n F ina l v e l o c i t y o f l a r g e r c r a f t i n +ve
x d i r e c t i o n v2 fx = \n\n %. 2 f km/ s ”,v2fx);

Scilab code Exa 6.8 C6P8

1

2
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3

4 clc

5 // to f i n d f i n a l speed and d i r e c t i o n o f s econd puck
a f t e r c o l l i s i o n

6

7 // GIVEN : :
8 // r e f e r to diagram 6−15 from page no . 128
9

10 //we c o n s i d e r +ve x d i r e c t i o n as i n i t i a l motion o f
f i r s t puck

11 //mass o f f i r s t puck
12 // assume mass o f f i r s t puck be 1kg
13 m1 = 1// i n kg
14 //mass o f s econd puck
15 //mass o f s econd puck i s 1 . 5 t imes mass o f f i r s t

puck
16 m2 = 1.5 // i n kg
17 // i n i t i a l v e l o c i t y o f f i r s t puck i n +ve x d i r e c t i o n
18 v1ix = 2.48 // i n m/ s
19 // i n i t i a l v e l o c i t y o f s econd puck in +ve x d i r e c t i o n
20 v2ix = 1.86 // i n m/ s
21 // i n i t i a l d i r e c t i o n o f s econd puck away from the

d i r e c t i o n o f f i r s t puck
22 theta1 = 40 // i n d e g r e e s
23 // f i n a l v e l o c i t y o f f i r s t puck a f t e r c o l l i s i o n
24 v1fx = 1.59 // i n m/ s
25 // f i n a l d i r e c t i o n o f f i r s t puck a f t e r c o l l i s i o n
26 theta2 = 50 // i n d e g r e e s
27

28 // SOLUTION:
29

30 // app l y i ng law o f c o n s e r v a t i o n o f momentum in x and
y d i r e c t i o n

31 // s o l v i n g equa t i on
32 // f i n a l d i r e c t i o n o f s econd puck a f t e r c o l l i s i o n
33 theta = atand (0.38/2.40) // i n d e g r e e s
34 // f i n a l speed o f s econd puck a f t e r c o l l i s i o n
35 v2f = 2.40/ cosd(theta)// i n m/ s
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36 printf (”\n\n F ina l speed o f s econd puck a f t e r
c o l l i s i o n v2 f = \n\n %. 2 f m/ s ”,v2f);

37 printf (”\n\n F ina l d i r e c t i o n o f s econd puck a f t e r
c o l l i s i o n th e t a = \n\n %. 1 f d e g r e e s ”,theta);

Scilab code Exa 6.9 C6P9

1

2

3

4 clc

5 // to f i n d v e l o c i t y o f a lpha p a r t i c a l a f t e r c o l l i s i o n
6 // to f i n d which type o f c o l l i s i o n i s t h i s l i s t e d i n

f i g . 6−17
7

8 // GIVEN : :
9 // r e f e r to diagram 6−17 from page no . 130
10

11 //we c o n s i d e r +ve x d i r e c t i o n as i n i t i a l v e l o c i t y o f
a lpha p a r t i c a l

12 //mass o f a lpha p a r t i c a l m1 = 4 . 0 u
13 // assume u = 1
14 ma = 4.0

15 //mass o f oxygen nuc l e u s m2 = 16 . 0 u
16 // assume u = 1
17 mo = 16.0

18 // i n i t i a l v e l o c i t y o f a lpha p a r t i c a l i n +ve x
d i r e c t i o n

19 vaix = 1.52*10^7 // i n m/ s
20 // i n i t i a l v e l o c i t y o f oxygen nuc l e u s i n +ve x

d i r e c t i o n
21 // as oxygen nuc l e u s i s i n i t i a l l y at r e s t
22 voix = 0// i n m/ s
23 // f i n a l v e l o c i t y o f oxygen nuc l e u s a f t e r c o l l i s i o n
24 vofx = 6.08*10^6 // i n
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25

26

27 // SOLUTION:
28

29 // app l y i ng law o f c o n s e r v a t i o n o f momentum in x
d i r e c t i o n

30 // f i n a l v e l o c i t y o f a lpha p a r t i c a l a f t e r c o l l i s i o n
i n x d i r e c t i o n

31 vafx = ((ma*vaix)-(mo*vofx))/ma // i n m/ s
32 // app l y i ng law o f c o n s e r v a t i o n o f momentum in x

d i r e c t i o n
33 //we can f i n d out c o l l i s i o n i s e l s t i c c o l l i s i o n as

a lpha p a r t i c a l on ly r e v e r s e s the d i r e c t i o n o f
momentum a f t e r c o l l i s i o n

34 // r e l a t i v e v e l o c i t y
35 vx = (ma*vaix+mo*voix)/(ma+mo)// i n m/ s
36

37 printf (”\n\n F ina l v e l o c i t y o f a lpha p a r t i c a l a f t e r
c o l l i s i o n i n x d i r e c t i o n va fx = \n\n %. 2 e m/ s ”,

vafx);

38 printf (”\n\n Re l a t i v e v e l o c i t y vx = \n\n %. 3 e m/ s ”
,vx);

39 printf (”\n\n C o l l i s i o n i s e l s t i c c o l l i s i o n ”);
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Chapter 7

SYSTEMS OF PARTICLES

Scilab code Exa 7.2 C7P2

1 clear

2 clc

3 // to f i n d c e n t e r o f mass o f system
4 // to f i n d a c c e l e r a t i o n o f c e n t e r o f mass
5

6 // GIVEN : :
7

8 // r e f e r to f i g u r e 7−10(a ) f r o n page no . 144
9 // c o n s i d e r +ve x d i r e c t i o n as our r e f e r e n c e a x i s
10 //mass o f f i r s t p a r t i c a l
11 m1 = 4.1 // i n kg
12 //mass o f s econd p a r t i c a l
13 m2 = 8.2 // i n kg
14 //mass o f t h i r d p a r t i c a l
15 m3 = 4.1 // i n kg
16 // from f i g u r e 7−20(a )
17 //x c o o r d i n a t e o f f i r s t p a r t i c a l
18 x1 = -2// i n cm
19 //y c o o r d i n a t e o f f i r s t p a r t i c a l
20 y1 = 3// i n cm
21 //x c o o r d i n a t e o f s econd p a r t i c a l
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22 x2 = 4// i n cm
23 //y c o o r d i n a t e o f s econd p a r t i c a l
24 y2 = 2// i n cm
25 //x c o o r d i n a t e o f t h i r d p a r t i c a l
26 x3 = 1// i n cm
27 //y c o o r d i n a t e o f t h i r d p a r t i c a l
28 y3 = -2// i n cm
29 //magnitude o f f i r s t e x t e r n a l f o r c e
30 F1 = -6// i n N // s i n c e a c t i n g i n −ve x d i r e c t i o n
31 //magnitude o f s econd e x t e r n a l f o r c e
32 F2 = 12 // i n N
33 //magnitude o f t h i r d e x t e r n a l f o r c e
34 F3 = 14 // i n N
35

36 // SOLUTION:
37 // r e f e r to f i g u r e 7−10(a ) and 7−10(b ) f r o n page no .

144
38 // assuming a l l e x t e r n a l f o r c e s a r e a pp l i e d at c e n t e r

o f mass
39 // t o t a l mass o f system
40 M = m1 + m2 + m3 // i n kg
41 // app l y i ng c e n t e r o f mass f o rmu la
42 //x c o o r d i n a t e o f c e n t e r o f mass
43 x_cm = (1/M)*(m1*x1 + m2*x2 + m3*x3)// i n cm
44 //y c o o r d i n a t e o f c e n t e r o f mass
45 y_cm = (1/M)*(m1*y1 + m2*y2 + m3*y3)// i n cm
46

47 // r e f e r to f i g u r e 7−10(b )
48 // component o f f o r c e F1 in x d i r e c t i o n
49 F1x = F1 // i n N
50 // component o f f o r c e F2 in x d i r e c t i o n
51 F2x = F2*cosd (45) // i n N
52 // component o f f o r c e F3 in x d i r e c t i o n
53 F3x = F3 // i n N
54 // component o f f o r c e F1 in y d i r e c t i o n
55 F1y = 0// i n N
56 // component o f f o r c e F2 in y d i r e c t i o n
57 F2y = F2*sind (45) // i n N
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58 // component o f f o r c e F3 in y d i r e c t i o n
59 F3y = 0// i n N
60 //x component o f net e x t e r n a l f o r c e a c t i n g on the

c e n t e r o f mass
61 SUM_fextx = F1x + F2x + F3x // i n N
62 //y component o f net e x t e r n a l f o r c e a c t i n g on the

c e n t e r o f mass
63 SUM_fexty = F1y + F2y + F3y // i n N
64 //magnitude o f net e x t e r n a l f o r c e a c t i n g on the

c e n t e r o f mass
65 SUM_Fext = sqrt(SUM_fextx ^2 + SUM_fexty ^2) // i n N
66 // d i r e c t i o n i n which net f o r c e a c t s
67 fi = atand(SUM_fexty/SUM_fextx)// i n d e g r e e s with x

a x i s
68 // a c c e l e r a t i o n o f c e n t e r o f mass
69 a_cm = SUM_Fext /(M)// i n m/ s ˆ2
70 SUM_Fext = nearfloat(” succ ” ,18.6)
71

72 printf (”\n\n x c o o r d i n a t e o f c e n t e r o f mass x cm =
\n\n %. 1 f cm”,x_cm);

73 printf (”\n\n y c o o r d i n a t e o f c e n t e r o f mass y cm =
\n\n %. 1 f cm”,y_cm);

74 printf (”\n\n Magnitude o f net e x t e r n a l f o r c e a c t i n g
on the c e n t e r o f mass i n x d i r e c t i o n SUM fextx =
\n\n %. 1 f N”,SUM_fextx);

75 printf (”\n\n Magnitude o f net e x t e r n a l f o r c e a c t i n g
on the c e n t e r o f mass i n y d i r e c t i o n SUM fexty =
\n\n %. 1 f N”,SUM_fexty);

76 printf (”\n\n Magnitude o f net e x t e r n a l f o r c e a c t i n g
on the c e n t e r o f mass SUM Fext = \n\n %. 1 f N”,

SUM_Fext);

77 printf (”\n\n D i r e c t i o n i n which net f o r c e a c t s with
x a x i s f i = \n\n %2i d e g r e e s ”,fi);

78 printf (”\n\n A c c e l e r a t i o n o f c e n t e r o f mass a cm =
\n\n %. 1 f m/ s ˆ2 ”,a_cm);
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Scilab code Exa 7.3 C7P3

1

2

3

4 clc

5 // to f i n d l o c a t i o n o f s econd f ragment
6

7 // GIVEN : :
8

9 // r e f e r to f i g u r e 7−11 f r o n page no . 145
10 // c o n s i d e r +ve x d i r e c t i o n as our r e f e r e n c e a x i s
11 //mass o f p r o j e c t i l e
12 M = 9.6 // i n kg
13 // i n i t i a l v e l o c i t y o f p r o j e c t i l e
14 v0 = 12.4 // i n m/ s
15 // ang l e o f p r o j e c t i l e above h o r i z o n t a l
16 fi0 = 54 // i n d e g r e e s
17 //mass o f f i r s t p i e c e a f t e r e x p l o s i o n
18 m1 = 6.5 // i n kg
19 // t ime a f t e r which f i r s t p i e c e i d ob s e rved
20 t = 1.42 // i n s e cond s
21 // v e r t i c a l d i s t a n c e at which f i r s t p i e c e i s ob s e rved
22 y1 = 5.9 // i n meter s
23 // h o r i z o n t a l d i s t a n c e at which f i r s t p i e c e i s

ob s e rved
24 x1 = 13.6 // i n meter s
25 // a c c e l e r a t i o n due to g r a v i t y
26 g = 9.80 // i n m/ s ˆ2
27

28 // SOLUTION:
29

30 // r e f e r to f i g u r e 7−11 from page no . 145
31 //mass o f s econd p i e c e
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32 //by mass c o n s e r v a t i o n
33 m2 = M-m1 // i n kg
34 // v e l o c i t y o f p r o j e c t i l e i n +ve x d i r e c t i o n
35 v0x = v0*cosd(fi0)// i n m/ s
36 // v e l o c i t y o f p r o j e c t i l e i n +ve y d i r e c t i o n
37 v0y = v0*sind(fi0)// i n m/ s
38 // u s i n g k i n emat i c e qua t i on o f motion
39 //x c o o r d i n a t e o f p o s i t i o n o f o r i g i n a l p r o j e c t i l e
40 x = v0x*t// i n m
41 //y c o o r d i n a t e o f p o s i t i o n o f o r i g i n a l p r o j e c t i l e
42 y = (v0y*t) -(0.5*g*t^2) // i n m
43 // app l y i ng c e n t e r o f mass f o rmu la
44 //x c o o r d i n a t e o f po s i on o f s econd p i e c e
45 x2 = (M*x - m1*x1)/m2 // i n meter s
46 //y c o o r d i n a t e o f po s i on o f s econd p i e c e
47 y2 = (M*y - m1*y1)/m2 // i n meter s
48 x = nearfloat(” succ ” ,10.4)
49 y = nearfloat(” pred ” ,4.3)
50 x2 = nearfloat(” succ ” ,3.7)
51 y2 = nearfloat(” pred ” ,0.9)
52

53 printf (”\n\n x c o o r d i n a t e o f p o s i t i o n o f o r i g i n a l
p r o j e c t i l e x = \n\n %. 1 f m”,x);

54 printf (”\n\n y c o o r d i n a t e o f p o s i t i o n o f o r i g i n a l
p r o j e c t i l e y = \n\n %. 1 f m”,y);

55 printf (”\n\n x c o o r d i n a t e o f po s i on o f s econd p i e c e
x2 = \n\n %. 1 f m”,x2);

56 printf (”\n\n y c o o r d i n a t e o f po s i on o f s econd p i e c e
y2 = \n\n %. 1 f m”,y2);

Scilab code Exa 7.7 C7P7

1

2 clear

3 clc
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4 // to f i n d speed o f b l o ck a f t e r i t has absorbed e i g h t
b u l l e t s

5

6 // GIVEN : :
7 // r e f e r to f i g u r e 7−16 f r o n page no . 148
8 //mass o f b u l l e t
9 m1 = 3.8 //n gram
10 m = 3.8*10^ -3 // i n kg
11 // speed o f b u l l e t
12 v = 1100 // i n m/ s
13 //mass o f wooden b l o ck
14 M = 12 // i n kg
15 //number o f b u l l e t e s
16 N = 8

17

18 // SOLUTION:
19 // r e f e r to f i g u r e 7−16 from page no . 148
20 // c o n s i d e r +ve x d i r e c t i o n to the r i g h t as s e en i n

f i g . 7−16
21 // app l y i ng momentum c on s e r v a t i o n b e f o r e b u l l e t s a r e

s t i l l i n f l i g h t and a f t e r b u l l e t s a r e i n the b l o ck
22 // speed o f b l o ck a f t e r i t has absorbed e i g h t b u l l e t s
23 V = ((N*m)/(M + N*m))*v// i n m/ s
24 printf (”\n\n Speed o f b l o ck a f t e r i t has absorbed

e i g h t b u l l e t s V = \n\n %. 1 f m/ s ”,V);

Scilab code Exa 7.8 C7P8

1 clear

2 clc

3 // to f i n d v e l o c i t y o f the r e c o i l i n g cannon with
r e s p e c t to the e a r t h

4 // to f i n d i n i t i a l v e l o c i t y vE o f the b a l l with
r e s p e c t to the e a r t h

5
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6 // GIVEN : :
7

8 // r e f e r to f i g u r e 7−17 f r o n page no . 149
9 //mass o f cannon
10 M = 1300 // i n kg
11 //mass o f b a l l f i r e d
12 m = 72 // i n kg
13 // speed o f b a l l i n h o r i z o n t a l x d i r e c t i o n
14 vx = 55 // i n m/ s
15

16 // SOLUTION:
17

18 // r e f e r to f i g u r e 7−17 from page no . 149
19 // c o n s i d e r i n g cannon and b a l l i s our system and

c o n s i d e r +ve x as r i g h t d i r e c t i o n
20 // f i n d i n g momentum o f our system with r e s p e c t to the

e a r t h
21 // app l y i ng c o n s e r v a t i o n o f momentum
22 Vx = -(m*vx)/(M + m)// i n m/ s //−ve s i g n s as cannon

r e c o i l s i n l e f t d i r e c t i o n
23 // i n i t i a l v e l o c i t y vE o f the b a l l with r e s p e c t to

the e a r t h
24 vEx = vx + Vx // i n m/ s
25

26 printf (”\n\n Ve l o c i t y o f the r e c o i l i n g cannon with
r e s p e c t to the e a r t h Vx = \n\n %. 1 f m/ s ”,Vx);

27 printf (”\n\n I n i t i a l v e l o c i t y vE o f the b a l l with
r e s p e c t to the e a r t h vEx = \n\n %2i m/ s ”,vEx);

Scilab code Exa 7.9 C7P9

1 clear

2 clc

3 // to f i n d t h r u s t produced by the r o c k e t
4 // to f i n d v e l o c i t y o f the s p a c e s h i p a f t e r the
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r o c k e t s have f i r e d
5

6 // GIVEN : :
7

8 // t o t a l mass o f s p a c e s h i p
9 M = 13600 // i n kg
10 // i n i t i a l speed o f s p a c e s h i p
11 vix = 960 // i n m/ s
12 // r a t e at which r o c k e t e j e c t s gas
13 dM_by_dt = 146 // i n kg/ s
14 // speed at which r o c k e t e j e c t s gas
15 vrel = 1520 // i n m/ s
16 //mass o f gas burned and e j e c t e d from spa c e s h i p
17 m = 9100 // i n kg
18

19 // SOLUTION:
20

21 // c o n s i d e r +ve x d i r e c t i o n i n the d i r e c t i o n o f
spa c e sh ip ’ s i n i t i a l v e l o c i t y

22 // t h r u s t produced by the r o c k e t
23 F = vrel*dM_by_dt // i n N
24 // i n i t i a l mass o f gas
25 Mi = 13600 // inkg
26 // f i n a l mass o f g a s s
27 Mf = Mi-m// i n kg
28 // r ew r i t i n g equa t i on o f v e l o c i t y and i n t e g r a t i n g

v e l o c i t y equa t i on from i n i t i a l to f i n a l
c o n d i t i o n s

29 // v e l o c i t y o f the s p a c e s h i p a f t e r the r o c k e t s have
f i r e d

30 vfx = vix + (-vrel*(log(Mf/Mi)))// i n m/ s
31 vfx = nearfloat(” pred ” ,2641)
32 printf (”\n\n Thrust produced by the r o c k e t F = \n\n

%. 2 e N”,F);
33 printf (”\n\n Ve l o c i t y o f the s p a c e s h i p a f t e r the

r o c k e t s have f i r e d v fx = \n\n %4i m/ s ”,vfx);
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Scilab code Exa 7.10 C7P10

1 clear

2 clc

3 // to f i n d f o r c e to be app l i e d on conveyor b e l t to
keep i t moving with c on s t an t speed

4

5 // GIVEN : :
6

7 // r e f e r to f i g u r e 7−20 f r o n page no . 151
8 // r a t e at which sand i s be ing dropped
9 dM_by_dt = 0.134 // i n kg/ s
10 // speed at which sand i s be ing dropped
11 vx = 0.96 // i n m/ s
12

13 // SOLUTION:
14

15 // r e f e r to f i g u r e 7−20 from page no . 151
16 // c o n s i d e r +ve x as d i r e c t i o n o f motion o f b e l t and

app l y i ng equa t i on f o r sy s t ems o f v a r i a b l e mass
17 // f o r c e to be app l i e d on conveyor b e l t to keep i t

moving with c on s t an t speed
18 sum_F_extx = (vx*dM_by_dt)// i n N
19 printf (”\n\n Force to be app l i e d on conveyor b e l t

to keep i t moving with c on s t an t speed sum F extx
= \n\n %. 3 f N”,sum_F_extx);
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Chapter 8

ROTATIONAL KINEMATICS

Scilab code Exa 8.1 C8P1

1 clear

2 clc

3 // to f i n d ave rage angu l a r v e l o c i t y o f f an b l ade
4 // to f i n d ave rage angu l a r a c e l e r a t i o n o f f an b l ade
5

6 // GIVEN : :
7

8 // i n i t i a l angu l a r v e l o c i t y o f f an b l ade
9 wi1 = 48.6 // i n r e v o l u t i o n per minute
10 wi = wi1/60 // i n r ev / s
11 // f i n a l angu l a r v e l o c i t y o f f an b l ade
12 // as f i n a l l y f an b l ade comes to r e s t
13 wf = 0// i n r e v o l u t i o n per minute
14 // t ime r e q u i r e d f o r f an b l ade to come to r e s t
15 delta_t = 32 // i n s e cond s
16 //no . o f r e v o l u t i o n completed by fan b l ade b e f o r e

come to r e s t
17 delta_fi = 8.8

18

19

20 // SOLUTION:
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21 // u s i n g k i n emat i c e qua t i on o f motion f o r r o t a t i o n a l
motion

22 // ave rage angu l a r v e l o c i t y o f f an b l ade
23 w_av = delta_fi/delta_t // i n r ev / s
24 // ave rage angu l a r a c e l e r a t i o n o f f an b l ade
25 a_av = (wf-wi)/delta_t // i n r ev / s ˆ2
26

27 printf (”\n\n Average angu l a r v e l o c i t y o f f an b l ade
w av = \n\n %. 2 f r ev / s ”,w_av);

28 printf (”\n\n Average angu l a r a c c e l e r a t i o n o f f an
b l ade a av = \n\n %. 3 f r ev / s ˆ2 ”,a_av);

Scilab code Exa 8.2 C8P2

1 clear

2 clc

3 // to f i n d angu l a r po s i on at t = 2 s e cond s
4 // to f i n d i n s t a n t a n e ou s angu l a r a c c e l e r a t i o n o f

r e f e r e n c e l i n e at t = 0 . 5 s e cond s
5 // GIVEN :
6

7 // r e f e r to the f i g u r e 8−1 from page no . 159
8 // i n angu l a r v e l o c i t y f u n c t i o n w = A∗ t + B∗ t ˆ2

v a l u e s o f conatanta
9 A = 6.2 // i n rad / s ˆ2
10 B = 8.7 // i n red / s ˆ2
11 // f o r c a l c u l a t i i n g angu l a r p o s i t i o n t ime i n t e r v a l
12 t1 = 2// i n s e cond s
13 // f o r c a l c u l a t i i n g angu l a r a c c e l e r a t i o n t ime

i n t e r v a l
14 t2 = 0.50 // i n s e cond s
15 // i n i t i a l c o n d i t i o n
16 // r e f e r e n c e l i n e i n i t i a l l y i s at f i = 0 when t = 0
17

18 // SOLUTION:
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19 // u s i n g k i n emat i c e qua t i on o f motion f o r r o t a t i o n a l
motion

20 // angu l a r po s i on at t = 2 s e cond s
21 fi = ((1/2)*A*t1^2) + ((1/3)*B*t1^3) // i n rad
22 // angu l a r i n s t a n t a n e ou s a c c e l e r a t i o n at t = 0 . 5

s e cond s
23 a = A + (2*B*t2)// i n rad / s ˆ2
24

25 printf (”\n\n Angular po s i on at t = 2 s e cond s f i = \
n\n %. 1 f rad ”,fi);

26 printf (”\n\n Angular i n s t a n t a n e ou s a c c e l e r a t i o n at
t = 0 . 5 s e cond s a = \n\n %. 1 f rav / s ˆ2 ”,a);

Scilab code Exa 8.3 C8P3

1 clear

2 clc

3 // to f i n d angu l a r d i s p l a c emen t o f g r i n d s t o n e 2 . 7
s e cond s l a t e r

4 // to f i n d angu l a r speed o f g r i n d s t o n e 2 . 7 s e c ond s
l a t e r

5 // GIVEN :
6

7 // r e f e r to the f i g u r e 8−7 from page no . 165
8 // c on s t an t angu l a r a c c e l e r a t i o n o f g r i n d s t o n e i n +ve

z d i r e c t i o n
9 az = 3.2 // i n rad / s ˆ2
10 // t ime i n i t e r v a l f o r c a l c u l a t i n g angu l a r a c c e l e r a t i o n

and angu l a r d i s p l a c emen t
11 t = 2.7 // i n s e cond s
12 // i n i t i a l l y angu l a r d i s p l a c emen t
13 fi_0 = 0// i n rad
14 // i n i t i a l l y angu l a r v e l o c i t y i n +ve z d i r e c t i o n
15 w0z = 0// i n rad / s
16
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17 // SOLUTION:
18 // c o n s i d e r angu l a r v e l o c i t y i n +ve z d i r e c t i o n
19 // u s i n g k i n emat i c e qua t i on o f motion f o r r o t a t i o n a l

motion
20 // angu l a r d i s p l a c emen t o f g r i n d s t o n e 2 . 7 s e c ond s

l a t e r
21 fi = fi_0 + (w0z*t) + (0.5*az*t^2) // i n rad
22 // angu l a r speed o f g r i n d s t o n e 2 . 7 s e cond s l a t e r
23 wz = w0z + (az*t)// i n rad / s
24

25 printf (”\n\n Angular d i s p l a c emen t o f g r i n d s t o n e 2 . 7
s e cond s l a t e r f i = \n\n %. 1 f rad ”,fi);

26 printf (”\n\n Angular speed o f g r i n d s t o n e 2 . 7
s e cond s l a t e r wz = \n\n %. 1 f rad / s ”,wz);

Scilab code Exa 8.4 C8P4

1 clear

2 clc

3 // to f i n d angu l a r a c c e l e r a t i o n o f g r i n d s t o n e
4 // to f i n d t o t a l ang l e turned through dur ing s l ow i n g

down o f g r i n d s t o n e
5

6 // GIVEN :
7 // r e f e r to problem 8−3 and from page no . 165
8 // r e f e r to the f i g u r e 8−7 from page no . 165
9 // i n i t i a l angu l a r speed o f g r i n d s t o n e
10 w0z = 8.6 // i n rad / s
11 // f i n a l angu l a r speed o f g r i n d s t o n e
12 // as g r i n d s t o n e comes to r e s t
13 wz = 0// i n rad / s
14 // t ime i n t e r v a l i n which g r i n d s t o n e comes to r e s t
15 t = 192 // i n s e cond s
16 // i n i t i a l angu l a r d i s p l a c emen t o f g r i n d s t o n e
17 fi_0 = 0// i n rad
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18

19 // SOLUTION:
20 // c o n s i d e r angu l a r v e l o c i t y i n +ve z d i r e c t i o n
21 // u s i n g k i n emat i c e qua t i on o f motion f o r r o t a t i o n a l

motion
22 // angu l a r a c c e l e r a t i o n o f g r i n d s t o n e
23 az = (wz-w0z)/t// i n rad / s ˆ2
24 // t o t a l ang l e turned through dur ing s l ow i ng down o f

g r i n d s t o n e
25 fi = fi_0 + (w0z*t) + ((1/2)*az*(t^2))// i n rad
26 fi = nearfloat(” pred ” ,823)
27

28 printf (”\n\n Angular a c c e l e r a t i o n o f g r i n d s t o n e az
= \n\n %. 3 f rad / s ˆ2 ”,az);

29 printf (”\n\n Tota l ang l e turned through dur ing
s l ow i ng down o f g r i n d s t o n e f i = \n\n %. 3 i rad ”,fi
);

Scilab code Exa 8.5 C8P5

1 clear

2 clc

3 // to f i n d l i n e s r or t a n g e n t i a l speed o f a po i n t on a
rim

4 // to f i n d t a n g e n t i a l a c c e l e r a t i o n o f a po i n t on a
rim

5 // to f i n d r a d i a l a c c e l e r a t i o n o f a po i n t on a rim
6

7 // GIVEN :
8 // r e f e r to problem 8−3 from page no . 165
9 // r e f e r to the f i g u r e 8−7 from page no . 165
10 // r a d i u s o f g r i n d s t o n e f o r f i r s t c a s e
11 r1 = 0.24 // i n meter s
12 // r a d i u s o f g r i n d s t o n e f o r s econd ca s e
13 r2 = 0.12 // i n meter s
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14 // i n i t i a l angu l a r speed o f g r i n d s t o n e
15 w = 8.6 // i n rad / s
16 // c on s t an t angu l a r a c c e l e r a t i o n o f g r i n d s t o n e
17 a = 3.2 // i n rad / s ˆ2
18 // t ime i n t e r v a l
19 t = 2.7 // i n s e cond s
20

21 // SOLUTION:
22 // u s i n g k i n emat i c e qua t i on o f motion f o r r o t a t i o n a l

motion
23

24 // f o r r1 = 0 . 2 4m
25 // l i n e s r or t a n g e n t i a l speed o f a po i n t on a rim
26 vT = w*r1 // i n m/ s
27 // t a n g e n t i a l a c c e l e r a t i o n o f a po i n t on a rim
28 aT = a*r1 // i n m/ s ˆ2
29 // r a d i a l a c c e l e r a t i o n o f a po i n t on a rim
30 aR = w^2*r1 // i n m/ s ˆ2
31

32 // f o r r1 = 0 . 1 2m
33 // l i n e s r or t a n g e n t i a l speed o f a po i n t on a rim
34 v_T = w*r2 // i n m/ s
35 // t a n g e n t i a l a c c e l e r a t i o n o f a po i n t on a rim
36 a_T = a*r2 // i n m/ s ˆ2
37 // r a d i a l a c c e l e r a t i o n o f a po i n t on a rim
38 a_R = w^2*r2 // i n m/ s ˆ2
39 aR = round(aR)

40

41 printf (”\n\n L i n e s r or t a n g e n t i a l speed o f a po i n t
on a rim f o r r1 = 0 . 2 4m vT = \n\n %. 1 f m/ s ”,vT);

42 printf (”\n\n Tangen t i a l a c c e l e r a t i o n o f a po i n t on
a rim f o r r1 = 0 . 2 4m aT = \n\n %. 2 f m/ s ˆ2 ”,aT);

43 printf (”\n\n Rad ia l a c c e l e r a t i o n o f a po i n t on a
rim f o r r1 = 0 . 2 4m aR = \n\n %2i m/ s ˆ2 ”,aR);

44 printf (”\n\n L i n e s r or t a n g e n t i a l speed o f a po i n t
on a rim f o r r1 v T = 0 . 1 2m v T = \n\n %. 1 f m/ s ”,
v_T);

45 printf (”\n\n Tangen t i a l a c c e l e r a t i o n o f a po i n t on

91



a rim f o r r1 = 0 . 1 2m a T = \n\n %. 2 f m/ s ˆ2 ”,a_T);
46 printf (”\n\n Rad ia l a c c e l e r a t i o n o f a po i n t on a

rim f o r r1 = 0 . 1 2m a R = \n\n %. 1 f m/ s ˆ2 ”,a_R);

Scilab code Exa 8.6 C8P6

1 clear

2 clc

3 // to f i n d t a n g e n t i a l speed o f po i n t on the equa to r
o f p u l s a r

4

5 // GIVEN :
6 // r o t a t i o n a l p e r i o d o f p u l s a r
7 T = 0.033 // i n s e cond s
8 // r a d i u s o f p u l s a r
9 r = 15 // i n km

10

11 // SOLUTION:
12 // u s i n g k i n emat i c e qua t i on o f motion f o r r o t a t i o n a l

motion
13 // angu l a r speed
14 w = (2*3.14)/T// i n rad / s
15 // t a n g e n t i a l speed o f po i n t on the equa to r o f p u l s a r
16 vT = w*r// i n km/ s
17

18 printf (”\n\n Angular speed w = \n\n %3i rad / s ”,w);
19 // answer o f vT i s s l i g h t l y va ry i ng . But answer o f

s c i l a b program and c a l c u l a t o r i s same
20 printf (”\n\n Tangen t i a l speed o f po i n t on the

equa to r o f p u l s a r vT = \n\n %4i km/ s ”,vT);
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Chapter 9

ROTATIONAL DYNAMICS

Scilab code Exa 9.1 C9P1

1 clear

2 clc

3 //To f i n d magnitude o f t o rque due to g r a v i t y about
the p i v o t po i n t o

4

5 // GIVEN : :
6

7 // r e f e r to f i g u r e 9−5 from page no . 178
8 //mass o f body
9 m = 0.17 // i n kg
10 // l e n g t h o f rod
11 L = 1.25 // i n meter s
12 // ang l e o f pendulum with v e r t i c a l
13 theta = 10 // i n d e g r e e s
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.8 // i n m/ s ˆ2
16

17 // SOLUTION:
18

19 //magnitude o f t o rque
20 tow = L*m*g*sind(theta)// i n N.m
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21

22 printf (”\n\n Magnitude o f t o rque tow = \n\n %. 2 f N.
m” ,tow);

Scilab code Exa 9.2 C9P2

1 clear

2 clc

3 //To f i n d r o t a t i o n a l i n e r t i a
4 // to f i n d angu l a r a c c e l e r a t i o n
5

6 // GIVEN : :
7

8 // r e f e r to f i g u r e 9−9 from page no . 181
9 //mass o f f i r s t p a r t i c a l
10 m1 = 2.3 // i n kg
11 //mass o f s econd p a r t i c a l
12 m2 = 3.2 // i n kg
13 //mass o f t h i r d p a r t i c a l
14 m3 = 1.5 // i n kg
15 // f o r c e a pp l i e d to m2
16 F = 4.5 // i n N
17 // ang l e made by f o r c e with h o r i z o n t a l
18 theta = 30 // i n d e g r e e s
19

20 // SOLUTION:
21

22 // c o n s i d e r f i r s t l y the a x i s p a s s e s through m1
23 r1f = 0.0 // i n m
24 r2f = 3.0 // i n m
25 r3f = 4.0 // i n m
26 // r o t a t i o n a l i n e r t i a about the a x i s
27 I1 = (m1*r1f ^2)+(m2*r2f ^2)+(m3*r3f ^2) // i n Kg .mˆ2
28

29 // c o n s i d e r s e c ond l y the a x i s p a s s e s through m2
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30 r1s = 3.0 // i n m
31 r2s = 0.0 // i n m
32 r3s = 5.0 // i n m
33 // r o t a t i o n a l i n e r t i a about the a x i s
34 I2 = (m1*r1s ^2)+(m2*r2s ^2)+(m3*r3s ^2) // i n Kg .mˆ2
35

36 // c o n s i d e r t h i r d l y the a x i s p a s s e s through m3
37 r1t = 4.0 // i n m
38 r2t = 5.0 // i n m
39 r3t = 0.0 // i n m
40 // r o t a t i o n a l i n e r t i a about the a x i s
41 I3 = (m1*r1t ^2)+(m2*r2t ^2)+(m3*r3t ^2) // i n Kg .mˆ2
42 I1 = round(I1)

43 I2 = round(I2)

44 I3 = round(I3)

45

46 // from f i g u r e f i
47 fi = asind (3/5) // i n d e g r e e s
48 // ang l e between F and l i n e c onn e c t i n g m3 and m2
49 fi1 = theta + fi // i n d e g r e e s
50 // va lu e o f moment arm
51 r_perpendicular = r3s*sind(fi1)// i n m
52 //magnitude o f t o rque about m3
53 tow_z = r_perpendicular*F// i n N.m
54 // u s i n g r o t a t i o n a l i n e r t i a about a x i s through m3
55 // angu l a r a c c e l e r a t i o n
56 az = -(tow_z)/I3 // i n rad / s ˆ2
57

58 printf (”\n\n Ro t a t i o n a l i n e r t i a about the a x i s when
the a x i s p a s s e s through m1 i s I 1 = \n\n %2i Kg .m

ˆ2”,I1);
59 printf (”\n\n Ro t a t i o n a l i n e r t i a about the a x i s when

the a x i s p a s s e s through m2 i s I 2 = \n\n %2i Kg .m
ˆ2”,I2);

60 printf (”\n\n Ro t a t i o n a l i n e r t i a about the a x i s when
the a x i s p a s s e s through m3 i s I 3 = \n\n %3i Kg .m

ˆ2”,I3);
61 printf (”\n\n Magnitude o f t o rque about m3 tow z = \
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n\n %. 1 f N.m”,tow_z);
62 printf (”\n\n Angular a c c e l e r a t i o n az = \n\n %. 2 f

rad / s ˆ2 ”,az);

Scilab code Exa 9.3 C9P3

1

2 clear

3 clc

4 //To f i n d r o t a t i o n a l i n e r t i a
5

6 // GIVEN : :
7

8 // r e f e r to f i g u r e 9−9 from page no . 181
9 //mass o f f i r s t p a r t i c a l
10 m1 = 2.3 // i n kg
11 //mass o f s econd p a r t i c a l
12 m2 = 3.2 // i n kg
13 //mass o f t h i r d p a r t i c a l
14 m3 = 1.5 // i n kg
15

16 // SOLUTION:
17 // l o c a t i n g c e n t e r o f mass
18

19 x1 = 0// i n m
20 x2 = 0// i n m
21 x3 = 4.0 // i n m
22 //x c o o r d i n a t e o f c e n t e r o f mass
23 x_cm = (m1*x1+m2*x2+m3*x3)/(m1+m2+m3)// i n m
24

25 y1 = 0// i n m
26 y2 = 3.0 // i n m
27 y3 = 0// i n m
28 //y c o o r d i n a t e o f c e n t e r o f mass
29 y_cm = (m1*y1+m2*y2+m3*y3)/(m1+m2+m3)// i n m
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30 // squqred d i s t a n c e from c e n t e r o f mass to each o f
p a r t i c a l s

31 // f o r f i r s t p a r t i c a l
32 r1_square = x_cm^2 + y_cm^2 // i n mˆ2
33 // f o r second p a r t i c a l
34 r2_square = x_cm^2 + (y2-y_cm)^2 // i n mˆ2
35 // f o r t h i r d p a r t i c a l
36 r3_square = (x3 -x_cm)^2 + y_cm^2 // i n mˆ2
37 // r o t a t i o n a l i n e r t i a
38 I_cm = (m1*r1_square+m2*r2_square+m3*r3_square)// i n

Kg .mˆ2
39

40 r2_square = nearfloat(” succ ” ,3.40)
41 r3_square = nearfloat(” pred ” ,11.74)
42 I_cm = ceil(I_cm)

43

44 printf (”\n\n x c o o r d i n a t e o f c e n t e r o f mass x cm =
\n\n %. 2 f m”,x_cm);

45 printf (”\n\n y c o o r d i n a t e o f c e n t e r o f mass y cm =
\n\n %. 2 f m”,y_cm);

46 printf (”\n\n Squqred d i s t a n c e from c e n t e r o f mass
f o r f i r s t p a r t i c a l r 1 s q u a r e = \n\n %. 2 f mˆ2”,
r1_square);

47 printf (”\n\n Squqred d i s t a n c e from c e n t e r o f mass
f o r s econd p a r t i c a l r 2 s q u a r e = \n\n %. 2 f mˆ2”,
r2_square);

48 printf (”\n\n Squqred d i s t a n c e from c e n t e r o f mass
f o r t h i r d p a r t i c a l r 3 s q u a r e = \n\n %2i mˆ2”,
r3_square);

49 printf (”\n\n Ro t a t i o n a l i n e r t i a I cm = \n\n %. 1 f Kg
.mˆ2”,I_cm);

Scilab code Exa 9.6 C9P6

1
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2 clear

3 clc

4 // to f i n d f o r c e s tha t i s s c a l e r e ad i n g
5

6

7 // GIVEN : :
8

9 // r e f e r to f i g u r e 9−22(a ) from page no . 189
10 //mass od beam
11 m = 1.8 // i n kg
12 // masso f b l o ck
13 M = 2.7 // i n kg
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.8 // i n m/ s ˆ2
16

17 // SOLUTION:
18

19 // r e f e r to f i g u r e 9−22(b ) from page no . 189
20 // c o n s i d e r our system as beam and b l o ck t o g e t h e r
21 // equa t i ng net t o rque to z e r o
22 // f o r c e Fr
23 Fr = (g/4)*(M+2*m)// i n N
24 // equa t i ng f o r c e s iny d i r e c t i o n as 0 f o r

e q u i l l i b r i um c o nd i t i o n
25 // f o r c e F1
26 F1 = (M+m)*g - Fr // i n N
27 F1 = round(F1)

28

29 printf (”\n\n Force Fr = \n\n %2i N”,Fr);
30 printf (”\n\n Force F1 = \n\n %2i N”,F1);

Scilab code Exa 9.7 C9P7

1

2 clear
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3 clc

4 // to f i n d f o r c e s e x e r t e d on the l a dd e r by the ground
and by the wa l l

5

6

7 // GIVEN : :
8

9 // r e f e r to f i g u r e 9−23(a ) from page no . 189
10 // l e n g t h o f l a dd e r
11 L = 12 // i n meter s
12 //mass o f l a dd e r
13 m = 45 // i n kg
14 // d i s t a n c e o f upper end o f l a dd e r above the ground
15 h = 9.3 // i n meter s
16 //mass o f f i r e f i g h t e r
17 M = 72 // i n kg
18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.8 // i n m/ s ˆ2
20

21 // SOLUTION:
22

23 // r e f e r to f i g u r e 9−23(b ) from page no . 189
24 // d i s t a n c e from the wa l l to the f o o t o f l a dd e r
25 a = sqrt(L^2 - h^2) // i n meter s
26 // c o n s i d e r i n g e q u i l l i b r i um c o n d i t i o n s
27 // f i n d i n g normal r e a c t i o n by ground
28 N = (M+m)*g// i n N
29 // f o r c e e x e r t e d on l a dd e r by the wa l l
30 Fw = (g*a*(M/2 + m/3))/h// i n N
31 N = round(N)

32 Fw = round(Fw)

33 printf (”\n\n D i s t anc e from the wa l l to the f o o t o f
l a dd e r a = \n\n %. 1 f m”,a);

34 // answer i s s l i g h t l y d i f f e r e n t than book . But answer
o f s c i l a b program i s same as tha t o f c a l c u l a t o r

35 printf (”\n\n Forc e s e x e r t e d on the l a dd e r by the
ground N = \n\n %3i N”,N);

36 // answer i s s l i g h t l y d i f f e r e n t than book . But answer
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o f s c i l a b program i s same as tha t o f c a l c u l a t o r
37 printf (”\n\n Forc e s e x e r t e d on the l a dd e r by the

wa l l Fw = \n\n %3i N”,Fw);

Scilab code Exa 9.8 C9P8

1

2 clear

3 clc

4 // to f i n d t e n s i o n i n the w i r e
5 // to f i n d f o r c e e x e r t e d by the h inge on the beam
6

7

8 // GIVEN : :
9

10 // r e f e r to f i g u r e 9−24(a ) from page no . 190
11 // l e n g t h o f the beam
12 L = 3.3 // i n meter s
13 //mass o f beam
14 m = 8.5 // i n kg
15 // d i s t a n c e at which w i r e i s connec t ed
16 d = 2.1 // i n meter s
17 // ang l e made by beam with h o r i z o n t a l
18 theta = 30 // i n d e g r e e s
19 //mass o f body
20 M = 56 // i n kg
21 // a c c e l e r a t i o n due to g r a v i t y
22 g = 9.8 // i n m/ s ˆ2
23

24 // SOLUTION:
25

26 // r e f e r to f i g u r e 9−24(b ) from page no . 190
27 // ang l e a lpha from geometry
28 alpha = atand ((d-(L*sind(theta)))/(L*cosd(theta)))//

i n d e g r e e s
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29 k = M*g+m*g;

30 j = m*g/2;

31 // app l y i ng e q u l l i b r i um c o n d i t i o n s to g e t 4 e qua t i o n s
32 A = [0 1 0 -1 ; 1 0 1 0 ; 1 -tand(theta) 0 0 ; 0 0 1

-tand(alpha)];

33 b = [0 ; k ; j ; 0];

34 c = A\b

35 Fv = c(1)

36 Fh = c(2)

37 Tv = c(3)

38 Th = c(4)

39

40 Fv = round(Fv)

41 Fh = round(Fh)

42 Th = round(Th)

43 // r e s u l t a n t t e n s i o n i n the w i r e
44 T = sqrt(Th^2 + Tv^2) // i n N
45 // r e s u l t a n t f o r c e e x e r t e d by the h inge on the beam
46 F = sqrt(Fh^2+ Fv^2) // i n N
47 T = round(T)

48 F = round(F)

49 // ang l e made by v e c t o r F with h o r i z o n t a l
50 fi = atand(Fv/Fh)// i n d e g r e e s
51

52 printf (”\n\n V e r t i c a l f o r c e Fv = \n\n %3i N”,Fv);
53 printf (”\n\n Ho r i z o n t a l f o r c e Fh = \n\n %3i N”,Fh);
54 printf (”\n\n v e r t i c a l t e n s i o n i n i n w i r e Tv = \n\n

%3i N”,Tv);
55 printf (”\n\n Ho r i z o n t a l t e n s i o n i n i n w i r e Th = \n\

n %3i N”,Th);
56 printf (”\n\n Re su l t an t t e n s i o n i n the w i r e T = \n\n

%3i N”,T);
57 printf (”\n\n Re su l t an t f o r c e e x e r t e d by the h inge

on the beam F = \n\n %3i N”,F);
58 printf (”\n\n ang l e made by v e c t o r F with h o r i z o n t a l

f i = \n\n %. 1 f d e g r e e s ”,fi);
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Scilab code Exa 9.9 C9P9

1

2 clear

3 clc

4 // to f i n d magnitude o f t o rque
5 // to f i n d r e s u l t a n t angu l a r a c c e l e r a t i o n o f the

system
6

7

8 // GIVEN : :
9

10 // r e f e r to f i g u r e 9−25 from page no . 191
11 // f o r c e e x e r t e d
12 F = 115 // i n N
13 // d i s t a n c e from ax i s o f r o t a t i o n at which f o r c e i s

e x e r t e d
14 r = 1.50 // i n meter s
15 // ang l e o f a p l l i c a t i o n o f f o r c e
16 theta1 = 32 // i n d e g r e e s
17 // d i r e c t i o n o f h o r i z o n t a l component
18 theta2 = 15 // i n d e g r e e s
19 // a c c e l e r a t i o n due to g r a v i t y
20 g = 9.8 // i n m/ s ˆ2
21 // r a d i u s od d i s k
22 R = 1.5 // i n meter s
23 // t h i c k n e s o f d i s k
24 d = 0.40 // i n cm
25 //mass o f c h i l d
26 m = 25 // i n kg
27 // r a d i u s o f p o s i t i o n o f c h i l d
28 r1 = 1.0 // i n meter s
29

30
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31 // SOLUTION:
32

33 // r e f e r to f i g u r e 9−25 from page no . 191
34 // h o r i z o n t a l component o f f o r c e
35 Fh = F*cosd(theta1)// i n N
36 // component o f f o r c e p e r p e n d i c u l a r to r
37 F_perpendicular = Fh*cosd(theta2)// i n N
38 // v e r t i c a l t o rque a l ong the a x i s o f r o t a t i o n
39 tow = r*F_perpendicular // i n N.m
40

41 // volume o f d i s k
42 volume = %pi*(R*100) ^2*d// i n mˆ3
43 // c o n s i d e r d e n s i t y o f s t e e l
44 density = 7.9 // i n g/cmˆ3
45 //mass o f merry−go−round
46 M = (volume*density)*10^-3 // i n kg
47 // r o t a t i o n a l i n e r t i a o f d i s k
48 Im = ((1/2)*M*R^2) // / i n kg .mˆ2
49 // r o t a t i o n a l i n e r t i a o f c h i l d
50 Ic = m*r1^2 // / i n kg .mˆ2
51 // t o t a l r o t a t i o n a l i n e r t i a
52 It = Im + Ic // i n kg .mˆ2
53 // angu l a r a c c e l e r a t i o n o f the system
54 alpha_z = tow/It // i n rad / s ˆ2
55

56 printf (”\n\n Ho r i z o n t a l component o f f o r c e Fh = \n\
n %. 1 f N”,Fh);

57 printf (”\n\n Component o f f o r c e p e r p e n d i c u l a r to r
F p e r p e nd i c u l a r = \n\n %. 1 f N”,F_perpendicular);

58 printf (”\n\n V e r t i c a l t o rque a l ong the a x i s o f
r o t a t i o n tow = \n\n %3i N.m”,tow);

59 printf (”\n\n Ro t a t i o n a l i n e r t i a o f d i s k Im = \n\n
%3i kg .mˆ2”,Im);

60 printf (”\n\n Ro t a t i o n a l i n e r t i a o f c h i l d I c = \n\n
%3i kg .mˆ2”,Ic);

61 printf (”\n\n Tota l r o t a t i o n a l i n e r t i a I t = \n\n %3i
kg .mˆ2”,It);

62 printf (”\n\n Angular a c c e l e r a t i o n o f the system
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a l ph a z = \n\n %. 2 f rad / s ˆ2 ”,alpha_z);

Scilab code Exa 9.10 C9P10

1

2 clear

3 clc

4 // to f i n d a c c e l e r a t i o n o f the f a l l i n g b l o ck
5 // to f i n d t e n s i o n i n the chord
6 // to f i n d angu l a r a c c e l e r a t i o n o f the d i s k
7

8

9 // GIVEN : :
10

11 // r e f e r to f i g u r e 9−26(a ) from page no . 192
12 //mass o f d i s k
13 M = 2.5 // i n kg
14 // r a d i u s o f d i s k
15 R = 20 // i n cm
16 //mass o f b l o ck
17 m = 1.2 // i n kg
18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.8 // i n m/ s ˆ2
20

21 // SOLUTION:
22

23 // r e f e r to f i g u r e 9−26(b ) from page no . 192
24 // app l y i ng newton ’ s s econd law in y d i r e c t i o n f o r

b l o ck
25 // and app l y i ng r o t a t i o n a l form o f newton ’ s s econd

law f o r d i s k
26 //we ge t 2 e qua t i o n s and 2 unknowns
27 A = [m 1;(1/2*M) -1]

28 B = [(m*g);0]

29 c = A\B

104



30 // a c c e l e r a t i o n o f b l o ck
31 a = c(1) // i n m/ s ˆ2
32 // t e n s i o n i n the s t r i n g
33 T = c(2) // i n N
34 // angu l a r a c c e l e r a t i o n o f d i s k
35 az = a/(R*10^ -2) // i n rad / s ˆ2
36 a_z = az/(2* %pi)// i n r ev / s ˆ2
37

38 printf (”\n\n A c c e l e r a t i o n o f b l o ck a = \n\n %. 1 f m/
s ˆ2 ”,a);

39 printf (”\n\n Tens ion i n the s t r i n g T = \n\n %. 1 f N”
,T);

40 printf (”\n\n Angular a c c e l e r a t i o n o f d i s k az i n rad
/ s ˆ2 = \n\n %. 1 f rad / s ˆ2 ”,az);

41 printf (”\n\n Angular a c c e l e r a t i o n o f d i s k a z i n
r ev / s ˆ2 = \n\n %. 1 f r ev / s ˆ2 ”,a_z);

Scilab code Exa 9.12 C9P12

1

2 clear

3 clc

4 // to f i n d v e l o c i t y o f c e n t e r o f mass at t ime t
5 // to f i n d va lu e o f t
6

7 // GIVEN : :
8

9 // r e f e r to f i g u r e 9−33(a ) from page no . 192
10 // r a d i u s o f s o l i d c y l i n d e r
11 R = 12 // i n cm
12 //mass o f s o l i d c y l i n d e r
13 M = 3.2 // i n kg
14 // i n i t i a l angu l a r v e l o c i t y o f s o l i d c y l i n d e r
15 w0 = 15 // i n r ev / s
16 // c o e f f i c i e n t o f k i n e t i c f r i c t i o n between s u r f a c e
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and c y l i n d e r
17 mew_k = 0.21

18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.8 // i n m/ s ˆ2
20

21 // SOLUTION:
22

23 // r e f e r to f i g u r e 9−33(b ) from page no . 192
24 w_0 = w0*2*%pi // i n rad / rev
25 // app l y i ng newton ’ s s econd law in x d i r e c t i o n
26 // and app l y i ng r o t a t i o n a l form o f newton ’ s s econd

law
27 // v e l o c i t y o f c e n t e r o f mass
28 vcm = (1/3* w_0*(R*10^ -2))// i n m/ s
29 // va lu e o f t
30 t = vcm/( mew_k*g)// i n s e cond s
31

32 printf (”\n\n Ve l o c i t y o f c e n t e r o f mass vcm = \n\n
%. 1 f m/ s ”,vcm);

33 printf (”\n\n Value o f t = \n\n %. 1 f s e c ond s ”,t);

Scilab code Exa 9.13 C9P13

1

2 clear

3 clc

4 // to f i n d r o t a t i o n a l v e l o c i t y when i t r e a c h e s end o f
the s t r i n g

5

6 // GIVEN : :
7

8 // r e f e r to f i g u r e 9−34(a ) from page no . 196
9 // t o t a l mass o f yo−yo
10 M = 0.24 // i n kg
11 // r a d i u s o f d i s k
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12 R = 2.8 // i n cm
13 // r a d i u s o f s h a f t
14 R0 = 0.25 // i n cm
15 // l e n g t h o f the s t r i n g
16 L = 1.2 // i n meter s
17 // i n i t i a l v e l o c i t y o f yo−yo
18 v0 = 1.4 // i n m/ s
19 // a c c e l e r a t i o n due to g r a v i t y
20 g = 9.8 // i n m/ s ˆ2
21

22 // SOLUTION:
23

24 // r e f e r to f i g u r e 9−34(b ) from page no . 196
25 //momemt o f i n e r t i a
26 I = (1/2*(M*R^2))

27 // app l y i ng newton ’ s s econd law
28 // and app l y i ng r o t a t i o n a l form o f newton ’ s s econd

law
29 // angu l a r a c c e l e r a t i o n
30 az = (g*100/R0)*(1/(1+R^2/(2* R0^2)))// i n rad / s ˆ2
31 // ang l e through which yo−yo r o t a t e s
32 fi = L/(R0*10^ -2) // i n rad
33 // i n i t i a l angu l a r v e l o c i t y
34 w0z = v0/(R0*10^ -2) // i n rad / s
35 // s o l v i n g u s i n g equa t i on to f i n d out t ime
36 y = poly([-fi w0z (1/2*az)], ’ t ’ , ’ c o e f f ’ )
37 c = roots(y)

38 // t ak i n g on ly p o s i t i v e va l u e as i t i s t ime
39 t2 = c(2) // i n s e cond s
40 // r o t a t i o n a l v e l o c i t y when i t r e a c h e s end o f the

s t r i n g
41 wz = w0z+(az*t2)// i n rad / s ˆ2
42

43 printf (”\n\n Angular a c c e l e r a t i o n az = \n\n %. 1 f
rad / s ˆ2 ”,az);

44 printf (”\n\n Time f o r c a l c u l a t i n g r o t a t i o n a l
v e l o c i t y t2 = \n\n %. 2 f s e c ond s ”,t2);

45 printf (”\n\n i n i t i a l angu l a r v e l o c i t y w0z = \n\n
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%3i rad / s ”,w0z);
46 printf (”\n\n Ro t a t i o n a l v e l o c i t y when i t r e a c h e s

end o f the s t r i n g wz = \n\n %3i rad / s ˆ2 ”,wz);
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Chapter 10

ANGULAR MOMENTUM

Scilab code Exa 10.2 C10P2

1 clear

2 clc

3 //To f i n d which magnitude i s g r e a t e r
4 // angu l a r momentum o f e a r t h a s s o c i a t e d with i t s

r o t a t i o n on i t s a x i s
5 //OR
6 // angu l a r momentum o f e a r t h a s s o c i a t e d with i t s

o r b i t a l motion around the sun
7

8 //Given :
9 // r e f e r to f i g u r e 10−8 from page no . 213
10 // r o t a t i o n p e r i o d o f the e a r t h about i t s a x i s i n

hour
11 t1 = 24 // i n hour
12 // r o t a t i o n p e r i o d o f e a r t h about i t s a x i s i n s e c ond s
13 T1 = (t1 *60*60) // i n s e cond s
14 //T2 i s t ime r e q u i r e d by ea r t h to comple te one

r e v o l u t i o n around the sun
15 T2 = 3.16*10^7 // i n s e cond s
16 //mass o f the e a r t h
17 M = 5.98*10^24 // i n kg
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18 // r a d i u s o f the e a r t h
19 RE = 6.37*10^6 // i n meter s
20

21 // S o l u t i o n :
22 // c o n s i d e r i n g e a r t h as a un i fo rm sphe r e mmoment o f

i n e r t i a
23 I = (2/5)*M*RE^2

24 // angu l a r speed
25 w1 = (2*3.14)/T1 // i n per s e c ond s
26 // angu l a r momentum o f e a r t h a s s o c i a t e d with i t s

r o t a t i o n
27 L_rot = I*w1 // i n kg mˆ2/ s
28 // r a d i u s o f o r b i t
29 R_orb = 1.50*10^11 // i n meter s
30

31 // angu l a r speed
32 w2 = (2*3.14)/T2 // i n per second
33 // v e l o c i t y o f r o t a t i o n o f e a r t h around the sun
34 v = w2*R_orb // i n m/ s
35 // l i n e a r momentum
36 p = M*v

37 // angu l a r momentum o f e a r t h a s s o c i a t e d with i t s
o r b i t a l motion around the sun

38 L_orb = R_orb*p// i n kg mˆ2/ s
39

40 printf (”\n\n Angular momentum o f e a r t h a s s o c i a t e d
with i t s r o t a t i o n on i t s a x i s i s L r o t = \n\n %. 2
e kg mˆ2/ s ” ,L_rot);

41 printf (”\n\n Angular momentum o f e a r t h a s s o c i a t e d
with i t s o r b i t a l motion around the sun L orb = \n
\n %. 2 e kg mˆ2/ s ”,L_orb);

42 if (L_rot >L_orb) then

43 printf( ’ \n\n Angular momentum o f e a r t h
a s s o c i a t e d with i t s r o t a t i o n on i t s a x i s i s
g r e a t e r than angu l a r momentum o f e a r t h
a s s o c i a t e d with i t s o r b i t a l motion around the
suns ’ );

44 else
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45 printf( ’ \n\n Angular momentum o f e a r t h
a s s o c i a t e d with i t s o r b i t a l motion around
the sun i s g r e a t e r than angu l a r momentum o f
e a r t h a s s o c i a t e d with i t s r o t a t i o n on i t s
a x i s ’ );

46 end

Scilab code Exa 10.4 C10P4

1 clear

2 clc

3 // to f i n d c e n t r i p i t a l f o r c e au s t r onau t s hou l d app ly
at d i s t a n c e 50 m from s p a c e c r a f t

4 // to f i n d c e n t r i p i t a l f o r c e au s t r onau t s hou l d app ly
at d i s t a n c e 5 m from s p a c e c r a f t

5

6 //Given :
7 //mass o f au s t r onau t
8 M = 120 // i n kg
9 // l e n g t h o f cord
10 ri = 180 // i n meter s
11 // i n i t i a l t a n g e n t i a l v e l o c i t y a c qu i r e d by a s t r onau t
12 vi = 2.5 // i n m/ s
13

14 // S o l u t i o n :
15 // app i y i ng c o n s e r v a t i o n o f angu l a r momentum
16 // i n i t i a l l y r e q u i r e d c e n t r i p i t a l f o r c e
17 F = (M*vi^2)/ri // i n N
18 //when a s t onau t i s a t a d i s t a n c e o f 50 m from

s p a c e c r a f t
19 r1 = 50 // i n meter s
20 // v e l o c i t y at t h i s s t a g e
21 v = (vi*ri)/r1 // i n m/ s
22 // c e n t r i p i t a l f o r c e
23 f = (M*v^2)/r1 // i n N
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24

25 printf (”\n\n I n i t i a l l y r e q u i r e d c e n t r i p i t a l f o r c e F
= \n\n %. 1 f N” ,F);

26 printf (”\n\n Tangen t i a l speed v = \n\n %. 1 f m/ s ” ,v

);

27 printf (”\n\n C e n t r i p i t a l f o r c e au s t r onau t s hou l d
app ly at d i s t a n c e 50 m from s p a c e c r a f t f = \n\n
%3i N”,f);

Scilab code Exa 10.5 C10P5

1 clear

2 clc

3 // to f i n d angu l a r speed o f combinat i on o f d i s k
4

5 //Given :
6 // r e f e r to f i g u r e 10−17(a ) and ( b ) from page no . 219
7 //mass o f d i s k
8 M = 125 // i n g
9 // r a d i u s o f d i s k
10 r = 7.2 // i n c e n t im e t e r s
11 // i n i t i a l angu l a r speed o f d i s c about v e r t i c a l a x i s
12 omega_i = 0.84 // i n r ev / s
13

14 // S o l u t i o n :
15 // c omp l e t e l y i n e l a s t i c c o l l i s i o n .
16 // a p p l l y i n g c o n s e r v a t i o n o f angu l a r momentum
17 // r a t i o o f r o t a t i o n a l i n e r t i a o f d i s k s
18 R = (1/3)

19 // angu l a r speed o f combinat ion o f d i s k
20 omega_f = omega_i *(R)// i n r ev / s
21

22 printf (”\n\n Angular speed o f combinat i on o f d i s k
omega f = \n\n %. 2 f r ev / s ” ,omega_f);
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Chapter 11

ENERGY 1 WORK AND
KINETIC ENERGY

Scilab code Exa 11.1 C11P1

1

2 clear

3 clc

4 // to f i n d work done
5

6 // GIVEN : :
7

8 // r e f e r to f i g u r e 11−8(a ) from page no . 232
9 //mass o f b l o ck
10 m = 11.7 // i n kg
11 // d i s t a n c e by which b l o ck i s pushed on i n c l i n e d

p l ane
12 s = 4.65 // i n meter s
13 // h e i g h t by which b l o ck i s r a i s e d
14 h = 2.86 // i n meter s
15 // a c c e l e r a t i o n due to g r a v i t y
16 g = 9.8 // i n m/ s ˆ2
17

18 // SOLUTION:
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19

20 // r e f e r to f i g u r e 11−8(b ) from page no . 232
21 // from diagram s i n ( t h e t a ) can be c a l c u l a t e d as
22 sin_theta = (h/s)

23 // ang l e between app l i e d f o r c e and d i s p l a c emen t o f
b l o ck

24 fi = 0// i n d e g r e e s
25 // u s i n g newton ’ s s econd law o f motion
26 // f o r c e push ing the b l o ck
27 F = m*g*sin_theta // i n N
28 //work done by f o r c e F
29 W = F*s*cosd(fi)// i n J
30 //work done by r a i s i n g b l o ck v e r t i c a l l y
31 Work = m*g*h// i n J
32 W = round(W)

33 Work = round(Work)

34 printf (”\n\n Force push ing the b l o ck F = \n\n %. 1 f
N”,F);

35 printf (”\n\n Work done by f o r c e F W = \n\n %3i J”,W
);

36 printf (”\n\n Work done by r a i s i n g b l o ck v e r t i c a l l y
\n\n Work = \n\n %3i J”,Work);

Scilab code Exa 11.2 C11P2

1

2 clear

3 clc

4 // to f i n d work done by the ch id
5

6 // GIVEN : :
7

8 // r e f e r to f i g u r e 11−9(a ) from page no . 233
9 //mass o f s l e d
10 m = 5.6 // i n kg
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11 // d i s t a n c e by which s l e d i s pushed h o r i z o n t a l l y
12 s = 12 // i n meter s
13 // c o e f f i c i e n t o f k i n e t i c f r i c t i o n
14 mew_k = 0.20

15 // ang l e made by the rope with h o r i z o n t a l
16 fi = 45 // i n d e g r e e s
17 // a c c e l e r a t i o n due to g r a v i t y
18 g = 9.8 // i n m/ s ˆ2
19

20 // SOLUTION:
21

22 // r e f e r to f i g u r e 11−9(b ) from page no . 233
23 // u s i n g newton ’ s s econd law o f motion
24 //we ge t t h r e e e qu a t i o n s and t h r e e unknowns
25 A = [cosd(fi) -1 0;sind(fi) 0 1;0 1 -mew_k]

26 B = [0; m*g; 0]

27 c = A\B

28 // f o r c e a pp l i e d by the c h i l d
29 F = c(1) // i n N
30 // f r i c t i o n a l f o r c e
31 f = c(2) // i n N
32 // normal r e a c t i o n
33 N = c(3) // i n N
34 //work done by the c h i l d
35 W = F*s*cosd(fi)// i n J
36

37

38 F = round(F)

39 W = round(W)

40 printf (”\n\n Force a pp l i e d by the c h i l d F = \n\n
%2i N”,F);

41 printf (”\n\n Work done by the c h i l d W = \n\n %3i J”
,W);

Scilab code Exa 11.3 C11P3
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1

2 clear

3 clc

4 // to f i n d ave rage power must be a pp l i e d by the
e l e v a t o r motor

5

6 // GIVEN : :
7

8 // we ight o f e l e v a t o r
9 w = 5160 // i n N
10 // ave rage we ight o f p a s s e n g e r
11 wp = 710 // i n N
12 //number o f p a s s e n g e r s
13 n = 20

14 // d i s t a n c e between f l o o r s
15 sf = 3.5 // i n meter s
16 // t ime e l a s p e d
17 t = 18 // i n s e cond s
18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.8 // i n m/ s ˆ2
20

21 // SOLUTION:
22

23 // t o t a l we ight o f e l e v a t o r and pa s s e n g e r
24 // upward f o r c e e x e r t e d by motor
25 F = w+n*wp // i n N
26 // t o t a l h e i g h t by which e l e v a t o r moves
27 s = sf*25 // i n meter s
28 //work done must be app l i e d by the e l e v a t o r motor
29 W = F*s// i n J
30 // ave rage power
31 Pav = (W/t)*10^-3 // i n kW
32

33 // va lu e o f f o r c e F i s s l i g h t l y d i f f e r e n t than s c i l a b
answer

34 // but s i l a b answer i s same as c a l c u l a t o r answer
35 printf (”\n\n Upward f o r c e e x e r t e d by motor F = \n\n

%5i N”,F);
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36 printf (”\n\n Work done must be app l i e d by the
e l e v a t o r motor W = \n\n %. 1 e J”,W);

37 printf (”\n\n Average power Pav = \n\n %2i kW”,Pav);

Scilab code Exa 11.4 C11P4

1

2 clear

3 clc

4 // to f i n d work done by g r a v i t y
5 // to f i n d work done by the s p r i n g
6 // to f i n d work done by the hand
7

8

9 // GIVEN : :
10

11 // r e f e r to f i g u r e 11−15(a ) from page no . 237
12 //mass o f b l o ck
13 m = 6.40 // i n kg
14 // d i s t a n c e s t r e c h e d by s p r i n g
15 d = 0.124 // i n meter s
16 // a c c e l e r a t i o n due to g r a v i t y
17 g = 9.8 // i n m/ s ˆ2
18

19 // SOLUTION:
20

21 // r e f e r to f i g u r e 11−8(b ) and 11−5( c ) from page no .
237

22 // app l y i ng e q u i l l i b r i um c o nd i t i o n i n y d i r e c t i o n
23 // f o r c e c on s t an t o f s p r i n g
24 k = m*g/d// i n N/m
25 //work done by g r a v i t y
26 Wg = m*g*d// i n J
27 //work done by the s p r i n g
28 Ws = ( -1/2)*k*d^2 // i n J
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29 //−ve s i g n as f o r c e and d i s p l a c emen t a r e i n o pp o s i t e
d i r e c t i o n s

30 //work done by the hand
31 // i n t e r g r a t i n g f o r c e i n y d i r e c t i o n
32 Wh = m*g*(-d)+(1/2)*k*(-d)^2 // i n J
33 k = round(k)

34 printf (”\n\n Force c on s t an t o f s p r i n g k = \n\n %3i
N/m”,k);

35 printf (”\n\n Work done by g r a v i t y Wg = \n\n %. 2 f J”
,Wg);

36 printf (”\n\n Work done by the s p r i n g Ws = \n\n %. 2 f
J”,Ws);

37 printf (”\n\n Work done by the hand Wh = \n\n %. 2 f J
”,Wh);

Scilab code Exa 11.6 C11P6

1

2 clear

3 clc

4 // to f i n d k i n e t i c ene rgy
5

6 // GIVEN : :
7

8 // d i s t a n c e t r a v e l l e d by neut ron
9 d = 6.2 // i n meter s
10 // t ime f o r neut ron t r a v e l
11 t = 160 // i n mic romete r s
12 //mass o f neut ron
13 m = 1.67e-27 // i n kg
14

15 // SOLUTION:
16

17 // speed o f neut ron
18 v = d/(t*10^ -6) // i n m/ s
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19 // app l y i ng fo rmu la f o r k i n e t i c ene rgy
20 // k i n e t i c ene rgy o f neut ron
21 K = (1/2)*m*v^2 // i n J
22 K1 = K*(6.242 e18)// i n eV
23 K = nearfloat(” succ ” ,1.26e-18)
24 K1 = nearfloat(” succ ” ,7.9)
25

26 printf (”\n\n Speed o f neut ron v = \n\n %. 2 e m/ s ”,v)
;

27 printf (”\n\n K i n e t i c ene rgy o f neut ron i n J K = \n
\n %. 2 e J”,K);

28 printf (”\n\n K i n e t i c ene rgy o f neut ron i n eV K = \
n\n %. 1 f eV”,K1);

Scilab code Exa 11.7 C11P7

1

2 clear

3 clc

4 // to f i n d speed o f body when i t s t r i k e s the ground
5

6 // GIVEN : :
7 //mass o f body
8 m = 4.5 // i n kg
9 // h e i g h t from which body i s dropped
10 h = 10.5 // i n meter s
11 // a c c e l e r a t i o n due to g r a v i t y
12 g = 9.80 // i n m/ s ˆ2
13

14 // SOLUTION:
15 // u s i n g work−ene rgy p r i n c i p l e
16 // speed o f body when i t s t r i k e s the ground
17 v = sqrt (2*g*h)// i n m/ s
18 printf (”\n\n Speed o f body when i t s t r i k e s the

ground v = \n\n %. 1 f m/ s ”,v);
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Scilab code Exa 11.8 C11P8

1

2 clear

3 clc

4 // to f i n d s p r i n g compre s s i on
5

6 // GIVEN : :
7 //mass o f body
8 m = 3.63 // i n kg
9 // speed o f b l o ck
10 v = 1.22 // i n m/ s
11 // f o r c e c on s t an t f o r s p r i n g
12 k = 135 // i n
13

14 // SOLUTION:
15 // u s i n g work−ene rgy p r i n c i p l e
16 // s p r i n g compre s s i on
17 d = v*sqrt(m/k)// i n meter s
18 d1 = d*10^2 // i n
19 printf (”\n\n Spr ing compre s s i on d = \n\n %. 3 f m”,d)

;

20 printf (”\n\n Spr ing compre s s i on d = \n\n %. 1 f cm”,
d1);

Scilab code Exa 11.9 C11P9

1

2 clear

3 clc

4 // to f i n d speed o f c r a t e a c c o r d i n g to ob s e r v e r o
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5 // // to f i n d work and change i n k i n e t i c ene rgy
6

7 // GIVEN :
8 // r e f e r to f i g u r e 11−18(a ) , ( b ) from page no . 242
9 // f o r c e a pp l i e d
10 Fx = 5.63 // i n N
11 //mass o f c r a t e
12 m = 12.0 // i n kg
13 // speed o f t r a i n
14 vx = 15.0 // i n m/ s
15 // d i s t a n c e t r a v e l l e d by c r a t e
16 s = 2.4 // i n meter s
17

18 // SOLUTION:
19 // u s i n g work−ene rgy p r i n c i p l e
20 //work done
21 W = Fx*s// i n J
22 // i n i t i a l k i n e t i c ene rgy a c c o r d i n g to ob s e r v e r i n

ca r
23 Ki = 0

24 // // f i n a l k i n e t i c ene rgy a c c o r d i n g to ob s e r v e r i n
ca r

25 Kf = W -Ki

26 // speed o f c r a t e a c c o r d i n g to ob s e r v e r o
27 vf = sqrt (2*Kf/m)// i n m/ s
28 // app l y i ng impulse−momentum theorem
29 // t ime i n t e r v a l
30 delta_t = (m*vf/Fx)// i n s e cond s
31 // fo rward d i s t a n c e t r a v e l l e d
32 d = vx*delta_t // i n meter s
33 // t o t a l d i s t a n c e moved by c r a t e
34 s_dash = d+s// i n meter s
35 //work done
36 W_dash = Fx*s_dash // i n J
37 // f i n a l speed o f c r a t e
38 vf_dash = vx+vf // i n m/ s
39 // change i n k i n e t i c ene rgy
40 deltaK_dash = (1/2*m*( vf_dash ^2)) -(1/2*m*(vx^2))
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41 W_dash = round(W_dash)

42 deltaK_dash = round(deltaK_dash)

43 printf (”\n\n F ina l k i n e t i c ene rgy a c c o r d i n g to
ob s e r v e r i n ca r Kf = \n\n %. 1 f J”,Kf);

44 printf (”\n\n Speed o f c r a t e a c c o r d i n g to ob s e r v e r o
v f = \n\n %. 2 f m/ s ”,vf);

45 printf (”\n\n Time i n t e r v a l d e l t a t = \n\n %. 2 f
s e c ond s ”,delta_t);

46 printf (”\n\n Work done W dash = \n\n %3i J”,W_dash)
;

47 printf (”\n\n Change i n k i n e t i c ene rgy de l t aK dash =
\n\n %3i J”,deltaK_dash);

48 printf (”\n\n As W dash = de l t aK dash work−ene rgy
p r i n c i p l e i s v a l i d ”)

Scilab code Exa 11.10 C11P10

1

2 clear

3 clc

4 // to f i n d conatance f o r c e to be app l i e d
5

6 // GIVEN :
7 // r e f e r to f i g u r e 11−21 from page no . 244
8 // i n i t i a l angu l a r v e l o c i t y o f s p a c e c r a f t
9 wi = 2.4 // i n r ev / s
10 // r a d i u s o f s p a c e c r a f t
11 R = 1.7 // i n meter s
12 //mass o f s p a c e c r a f t
13 M = 245 // i n Kg
14 // f i n a l angu l a r v e l o c i t y o f s p a c e c r a f t
15 wf = 1.7 // i n r ev / s
16 // r o t a t i o n o f s p a c e c r a f t
17 theta = 3// i n r e v o l u t i o n s
18
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19

20 // SOLUTION:
21

22 //moment o f i n e r t i a o f s p a c e c r a f t
23 I = (2/3*M*R^2) // i n Kg .mˆ2
24 // change i n r o t a t i o n a l k i n e t i c ene rgy
25 delta_k_dash = (1/2*I*(2* %pi*wf)^2) -(1/2*I*(2* %pi*wi

)^2) // i n J
26 // u s i n g work−ene rgy p r i n c i p l e
27 //work done = change i n r o t a t i o n a l k i n e t i c ene rgy
28 // t h r u s t e r f o r c e F
29 F = (delta_k_dash /(-R*theta *2*%pi))// i n N
30 F = nearfloat(” pred ” ,834)
31 printf (”\n\n Moment o f i n e r t i a o f s p a c e c r a f t I = \n

\n %3i Kg .mˆ2”,I);
32 printf (”\n\n Change i n r o t a t i o n a l k i n e t i c ene rgy

d e l t a k−dash = \n\n %. 2 e J”,delta_k_dash);
33 printf (”\n\n Thrus t e r f o r c e F = \n\n %3i N”,F);

Scilab code Exa 11.11 C11P11

1

2 clear

3 clc

4 // to f i n d k i n e t i c ene rgy l o s t by neut ron
5

6 // GIVEN :
7

8 // i n i t i a l k i n e t i c ene rgy o f neut ron
9 K1i = 5.0 // i n MeV
10 //mass o f neuron mn
11 mn = 1// c o n s i d e r i n g i t as un i t y as o th e r masses a r e

g i v en with r e f e r e n c e to mn
12 //mass o f n e u c l e u s o f l e ad
13 mPb = 206*mn
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14 //mass o f n e u c l e u s o f carbon
15 mC = 12*mn

16 //mass o f n e u c l e u s o f hydrogen
17 mH = mn

18

19 // SOLUTION:
20

21 //As c o l l i s i o n i s e l a s t i c c o l l i s i o n
22 // u s i n g c o n s e r v a t i o n o f ene rgy p r i n c i p l e
23

24 // c o l l i s i o n with n eu c l e u s o f l e ad
25 // f i n a l k i n e t i c ene rgy o f neut ron
26 K1f = K1i*((mn-mPb)/(mn+mPb))^2 // i n MeV
27 // k i n e t i c ene rgy l o s t by neut ron
28 K_lostl = K1i -K1f // i n MeV
29

30

31 // c o l l i s i o n with n eu c l e u s o f carbon
32 // f i n a l k i n e t i c ene rgy o f neut ron
33 K1f_C = K1i *((mn-mC)/(mn+mC))^2 // i n MeV
34 // k i n e t i c ene rgy l o s t by neut ron
35 K_lostC = K1i -K1f_C // i n MeV
36

37

38 // c o l l i s i o n with n eu c l e u s o f l e ad
39 // f i n a l k i n e t i c ene rgy o f neut ron
40 K1f_H = K1i *((mn-mH)/(mn+mH))^2 // i n MeV
41 // k i n e t i c ene rgy l o s t by neut ron
42 K_lostH = K1i -K1f_H // i n MeV
43

44 printf (”\n\n C o l l i s i o n with n eu c l e u s o f l e ad ”)
45 printf (”\n\n F ina l k i n e t i c ene rgy o f neut ron K1f =

\n\n %. 1 f MeV”,K1f);
46 printf (”\n\n K i n e t i c ene rgy l o s t by neut ron K l o s t l

= \n\n %. 1 f MeV”,K_lostl);
47 printf (”\n\n C o l l i s i o n with n eu c l e u s o f carbon ”)
48 printf (”\n\n F ina l k i n e t i c ene rgy o f neut ron K1f C

= \n\n %. 1 f MeV”,K1f_C);
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49 printf (”\n\n K i n e t i c ene rgy l o s t by neut ron K los tC
= \n\n %. 1 f MeV”,K_lostC);

50 printf (”\n\n C o l l i s i o n with n eu c l e u s o f hydrogen ”)
51 printf (”\n\n F ina l k i n e t i c ene rgy o f neut ron K1f H

= \n\n %. 1 f MeV”,K1f_H);
52 printf (”\n\n K i n e t i c ene rgy l o s t by neut ron K lostH

= \n\n %. 1 f MeV”,K_lostH);

Scilab code Exa 11.12 C11P12

1

2 clear

3 clc

4 // to f i n d i n i t i a l speed o f b u l l e t
5 // to f i n d l o s t i n k i n e t i c ene rgy
6

7 // GIVEN :
8 // r e f e r to f i g u r e 11−23 from page no . 246
9 //mass o f b l o ck
10 M = 5.4 // i n Kg
11 //mass o f b u l l e t
12 m = 9.5e-3 // i n Kg
13 // h e i g h t to which b l o ck r i s e s
14 h = 6.3e-2 // i n meter s
15 // a c c e l e r a t i o n due to g r a v i t y
16 g = 9.8 // i n m/ s ˆ2
17

18 // SOLUTION:
19

20 // app l y i ng work−ene rgy p r i n c i p l e
21 // i n i t i a l speed o f b u l l e t
22 vi = ((M+m)/m)*(sqrt (2*g*h))// i n m/ s
23 // r a t i o o f f i n a l to i n i t i a l k i n e t i c enerdy
24 Kf_by_Ki = (m/(M+m))

25 // i n i t i a l k i n e t i c ene rgy rema ins a f t e r c o l l i s i o n
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26 Kr = (Kf_by_Ki)*100 // i n p e r c en t a g e
27 // k i n e t i c ene rgy s t o r e d i n s i d e pendul lum
28 Ks = 100-Kr // i n p e r c en t a g e
29 // answer o f v i i s s l i g h t l y d i f f e r e n t than tex tbook .

but answer by c a l c u l a t o r i s same as tha t o f
s c i l a b

30 printf (”\n\n I n i t i a l speed o f b u l l e t v i = \n\n %3i
m/ s ”,vi);

31 printf (”\n\n Rat io o f f i n a l to i n i t i a l k i n e t i c
enerdy Kf/Ki = \n\n %. 4 f ”,Kf_by_Ki);

32 printf (”\n\n I n i t i a l k i n e t i c ene rgy rema ins a f t e r
c o l l i s i o n Kr = \n\n %. 2 f p e r c en t ”,Kr);

33 printf (”\n\n K i n e t i c ene rgy s t o r e d i n s i d e pendul lum
Ks = \n\n %. 2 f p e r c en t ”,Ks);
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Chapter 12

ENERGY 2 POTENTIAL
ENERGY

Scilab code Exa 12.1 C12P1

1

2 clear

3 clc

4 // to f i n d change i n g r a v i t a t i o n a l p o t e n t i a l ene rgy
5

6 // GIVEN :
7 //mass o f e l e v a t o r
8 m = 920 // i n Kg
9 // h e i g h t above the groung
10 h = 412 // i n meter s
11 // a c c e l e r a t i o n due to g r a v i t y
12 g = 9.8 // i n m/ s ˆ2
13

14 // SOLUTION:
15 // app l y i ng p o t e n t i a l ene rgy fo rmu la
16 // change i n g r a v i t a t i o n a l p o t e n t i a l ene rgy
17 delta_U = m*g*h// i n J
18 delta_U1 = delta_U *10^-6 // i n MJ
19
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20 printf (”\n\n Change i n g r a v i t a t i o n a l p o t e n t i a l
ene rgy de l t a U = \n\n %. 1 e J”,delta_U);

21 printf (”\n\n Change i n g r a v i t a t i o n a l p o t e n t i a l
ene rgy de l t a U1 = \n\n %. 1 f MJ”,delta_U1);

Scilab code Exa 12.2 C12P2

1

2 clear

3 clc

4 // to f i n d p o t e n t i a l ene rgy s t o r e d i n the s p r i n g
5

6 // GIVEN :
7 // f o c e c on s t an t o f s p r i n g
8 k = 1.25e8 // i n N/m
9 // compre s s i on i n s p r i n g
10 x = 5.6e-2 // i n meter s
11

12 // SOLUTION:
13 // app l y i ng s p r i n g f o r c e f o rmu la
14 // p o t e n t i a l ene rgy s t o r e d i n the s p r i n g
15 U = (1/2*k*x^2) // i n J
16 printf (”\n\n Po t e n t i a l ene rgy s t o r e d i n the s p r i n g

U = \n\n %. 2 e J”,U)

Scilab code Exa 12.3 C12P3

1

2 clear

3 clc

4 // to f i n d speed o f b a l l
5

6 // GIVEN :
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7 // r e f e r to f i g u r e 12−1
8 // compre s s i on i n s p r i n g
9 d = 3.2e-2 // i n meter s
10 //mass o f b a l l
11 m = 12e-3 // i n Kg
12 // f o r c e c on s t an t o f s p r i n g
13 k = 7.5 // i n N/cm
14

15 // SOLUTION:
16 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
17 // speed o f b a l l
18 vm = d*sqrt((k*10^2)/m)// i n m/ s
19

20 printf (”\n\n Speed o f b a l l vm = \n\n %. 1 f m/ s ”,vm)

Scilab code Exa 12.4 C12P4

1

2

3 clear

4 clc

5 // to f i n d speed o f b a l l
6

7 // GIVEN :
8 // r e f e r to f i g u r e 12−6 on page no . 263
9 // l i f t o f c a r
10 y = 25 // i n meter s
11 // a c c e l e r a t i o n due to g r a v i t y
12 g = 9.8 // i n m/ s ˆ2
13

14 // SOLUTION:
15 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
16 // speed o f c a r
17 v = sqrt (2*g*y)// i n m/ s
18 printf (”\n\n Speed o f c a r v = \n\n %2i m/ s ”,v)
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Scilab code Exa 12.7 C12P7

1

2 clear

3 clc

4 // to f i n d speed o f b a l l
5

6 // GIVEN :
7 // r e f e r to problem 9−10
8 //mass o f d i s k
9 M = 2.5 // i n kg
10 // d i s t a n c e o f f a l l
11 y = 0.56 // i n meter s
12 //mass o f b l o ck
13 m = 1.2 // i n kg
14 // a c c e l e r a t i o n due to g r a v i t y
15 g = 9.8 // i n m/ s ˆ2
16

17 // SOLUTION:
18 // app l y i ng c o n s e r v a t i o n o f mechanocal ene rgy

p r i n c i p l e
19 // speed o f b l o ck
20 v = sqrt ((4*m*g*y)/(M+2*m))// i n m/ s
21 printf (”\n\n Speed o f b a l l v = \n\n %. 1 f m/ s ”,v)
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Chapter 13

ENERGY 3 CONSERVATION
OF ENERGY

Scilab code Exa 13.1 C13P1

1

2 clear

3 clc

4 // to f i n d change i n i n t e r n a l ene rgy
5

6 // GIVEN :
7 //mass o f b a s e b a l l
8 m = 0.143 // i n kg
9 // h e i g h t o f tower

10 h = 443 // i n m
11 // t e rm i n a l v e l o c i t y
12 v = 42 // i n m/ s
13 // a c c e l e r a t i o n due to g r a v i t y
14 g = 9.8 // i n m/ s ˆ2
15

16 // SOLUTION:
17

18 // i n i t i a l p o t e n t i a l ene rgy
19 Ui = m*g*h// i n J
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20 // f i n a l p o t e n t i a l ene rgy
21 Uf = 0// i n J
22 // change i n p o t e n t i a l ene rgy
23 delta_U = (Uf-Ui)// i n J
24 // f i n a l k i n e t i c ene rgy
25 Kf = (1/2)*(m*v^2) // i n J
26 // i n i t i a l k i n e t i c ene rgy
27 Ki = 0// i n J
28 // change i n k i n e t i c ene rgy
29 delta_K = (Kf-Ki)// i n J
30 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
31 // change i n i n t e r n a l ene rgy
32 delta_Eint = (-delta_U -delta_K)// i n J
33 delta_U = round (Uf-Ui)

34 delta_K = round(Kf-Ki)

35 delta_Eint = round(-delta_U -delta_K)

36

37 printf (”\n\n Change i n p o t e n t i a l ene rgy de l t a U =
\n\n %3i J”,delta_U)

38 printf (”\n\n Change i n k i n e t i c ene rgy de l t a K = \n
\n %3i J”,delta_K)

39 printf (”\n\n Change i n i n t e r n a l ene rgy d e l t a E i n t
= \n\n %3i J”,delta_Eint)

Scilab code Exa 13.2 C13P2

1

2 clear

3 clc

4 // to f i n d ga in i n i n t e r n a l ene rgy
5 // to f i n d speed o f b l o ck
6

7

8 // GIVEN :
9 //mass o f b l o ck
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10 m = 4.5 // i n Kg
11 // ang l e o f i n c l i n a t i o n
12 theta = 30 // i n d e g r e e s
13 // i n i t i a l speed
14 v = 5.0 // i n m/ s
15 // d i s t a n c e t r a v e l l e d
16 d = 1.5 // i n meter s
17 // a c c e l e r a t i o n due to g r a v i t y
18 g = 9.8 // i n m/ s ˆ2
19

20 // SOLUTION:
21 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
22 // c o n s i d e r b l o ck+p lane+ea r th as our system
23 // f i n a l p o t e n t i a l ene rgy
24 Uf = m*g*(d*sind(theta))// i n J
25 // i n i t i a l p o t e n t i a l ene rgy
26 Ui = 0// i n J
27 // change i n p o t e n t i a l ene rgy
28 delta_U = Uf-Ui // i n J
29 // f i n a l k i n e t i c ene rgy
30 Kf = 0// i n J
31 // i n i t i a l k i n e t i c ene rgy
32 Ki =(1/2)*m*v^2 // i n J
33 // change i n k i n e t i c ene rgy
34 delta_K = Kf-Ki // i n J
35 // change i n mechan i ca l ene rgy i n system
36 delta_U_plus_delta_K = delta_U+delta_K // i n J
37 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
38 // ga in i n i n t e r n a l energu
39 delta_E_int = -(delta_U_plus_delta_K)// i n J
40 // f i n a l k i n e t i c ene rgy f o r downh i l l j ou rny
41 // he r e de l t a K = 2∗ d e l t a E i n t as round t r i p i . e .

u p h i l l and downh i l l motion
42 KF = (-(2* delta_E_int))+(-delta_K)// i n J
43 // speed o f b l o ck
44 vf = sqrt (2*KF/m)// i n m/ s
45 KF = round(KF)

46
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47 printf (”\n\n Change i n p o t e n t i a l ene rgy de l t a U =
\n\n %2i J”,delta_U)

48 printf (”\n\n Change i n k i n e t i c ene rgy de l t a K = \n
\n %2i J”,delta_K)

49 printf (”\n\n Change i n mechan i ca l ene rgy i n system
d e l t a U p l u s d e l t a K = \n\n %2i J”,
delta_U_plus_delta_K)

50 printf (”\n\n Gain i n i n t e r n a l ene rgy d e l t a E i n t =
\n\n %2i J”,delta_E_int)

51 printf (”\n\n F ina l k i n e t i c ene rgy f o r downh i l l
j ou rny KF = \n\n %2i J”,KF)

52 printf (”\n\n Speed o f b l o ck v f = \n\n %. 1 f m/ s ”,vf)

Scilab code Exa 13.3 C13P3

1

2 clear

3 clc

4 // to f i n d speed o f c e n t e r o f mass
5 // to f i n d change i n s t o r e d i n t e r n a l ene rgy
6

7

8 // GIVEN :
9 // r e f e r to f i g u r e 13−5 on page no . 285
10 //mass o f i c e s k a t e r
11 M = 50 // i n Kg
12 // f o r c e e x e r t e d
13 F = 55 // i n N
14 // d i s t a n c e moved by c e n t e r o f mass
15 scm = 32e-2 // i n m
16 // SOLUTION:
17 // c o n s i d e r newton ’ s t h i r d law and c e n t e r o f mass

equa t i on
18 // speed o f c e n t e r o f mass
19 vcm = sqrt (2*F*scm/M)// i n m/ s
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20 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
21 // change i n s t o r e d i n t e r n a l ene rgy
22 delta_Eint = -(1/2)*(M*vcm^2) // i n J
23

24 printf (”\n\n Speed o f c e n t e r o f mass vcm = \n\n %
. 2 f m/ s ”,vcm)

25 printf (”\n\n Change i n s t o r e d i n t e r n a l ene rgy
d e l t a E i n t = \n\n %. 1 f J”,delta_Eint)

Scilab code Exa 13.4 C13P4

1

2 clear

3 clc

4 // to f i n d speed o f John a f t e r c on t a c t i s broken
5 // to f i n d change i n s t o r e d i n t e r n a l ene rgy o f s k a t e r
6

7

8 // GIVEN :
9 // r e f e r to f i g u r e 13−9(a ) , ( b ) on page no . 288
10 //mass o f John s k a t e r
11 M = 50 // i n Kg
12 //mass o f Jim s k a t e r
13 M1 = 72 // i n Kg
14 // f o r c e e x e r t e d by Jim
15 Fext = 55 // i n N
16 // d i s t a n c e through which f o r c e i s a pp l i e d
17 s = 32e-2 // i n m
18 // d i s t a b c e moved by c e n t e r o f mass
19 scm = 58e-2 // i n m
20

21 // SOLUTION:
22 // c o n s i d e r John as our system
23 // app l y i nq c on s e v a t i o n o f ene rgy p r i n c i p l e
24 // app l y i ng c e n t e r o f mass equa t i on
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25 // change i n k i n e t i c ene rgy
26 delta_Kcm = Fext*scm // i n J
27 // speed o f John a f t e r c on t a c t i s broken
28 vcm = sqrt (2* delta_Kcm/M)// i n m/ s
29 // change i n John ’ s i n t e r n a l ene rgy
30 delta_E_int_John = Fext*s-Fext*scm // i n J
31 // change i n Jim ’ s i n t e r n a l ene rgy
32 delta_E_int_Jim = -(Fext*s)// i n J
33

34 printf (”\n\n Change i n k i n e t i c ene rgy delta Kcm =
\n\n %. 1 f J”,delta_Kcm)

35 printf (”\n\n Speed o f John a f t e r c on t a c t i s broken
vcm = \n\n %. 2 f m/ s ”,vcm)

36 printf (”\n\n Change i n Johns i n t e r n a l ene rgy
d e l t a E i n t J o h n = \n\n %. 1 f J”,delta_E_int_John)

37 printf (”\n\n Change i n Jim i n t e r n a l ene rgy
d e l t a E i n t J im = \n\n %. 1 f J”,delta_E_int_Jim)

Scilab code Exa 13.5 C13P5

1

2 clear

3 clc

4 // to f i n d change i n s t o r e d i n t e r n a l ene rgy o f system
o f b l o ck+s u r f a c e

5 // d i s t a n c e t r a v e l l e d by b l o ck b e f i r e coming to r e s t
6

7 // GIVEN :
8 //mass o f b l o ck
9 M = 5.2 // i n Kg
10 // i n i t i a l h o r i z o n t a l v e l o c i t y o f b l o ck
11 vcm = 0.65 // i n m/ s
12 // c o e f f i c i e n t o f k i n e t i c f r i c t i o n
13 mew = 0.12

14 // a c c e l e r a t i o n due to g r a v i t y

136



15 g = 9.8 // i n m/ s ˆ2
16

17 // SOLUTION:
18 // app l y i nq c on s e v a t i o n o f ene rgy p r i n c i p l e
19 // change i n s t o r e d i n t e r n a l ene rgy o f system o f

b l o ck+s u r f a c e
20 // f i n a l k i n e t i c ene rgy i s z e r o as b l o ck comes to

r e s t
21 delta_Eint = -(0-(1/2*M*vcm^2))// i n J //−ve s i g n as

k i n e t i c ene rgy i s l o s t
22 // d i s t a n c e t r a v e l l e d by b l o ck b e f i r e coming to r e s t
23 scm = (vcm ^2/(2* mew*g))// i n m
24

25 printf (”\n\n F ina l k i n e t i c ene rgy i s z e r o as b l o ck
comes to r e s t d e l t a E i n t = \n\n %. 1 f J”,
delta_Eint)

26 printf (”\n\n D i s t anc e t r a v e l l e d by b l o ck b e f i r e
coming to r e s t scm = \n\n %. 2 f m”,scm)

Scilab code Exa 13.6 C13P6

1

2 clear

3 clc

4 // to f i n d ene rgy and d i r e c t i o n o f ou tgo i ng p a r t i c l 3
H

5

6 // GIVEN :
7 // r e f e r to f i g u r e 13−11 from page no . 290
8 // d i f f e r e n c e i n i n t e r n a l ene rgy o f i n i t i a l and f i n a l

p a r t i c a l
9 delta_Eint = 4.03 // i n MeV
10 // i n i t i a l k i n e t i c ene rgy o f deu t e ron
11 Ki = 1.50 // i n MeV
12 // i n i t i a l k i n e t i c ene rgy o f pro ton
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13 K1 = 3.39 // i n MeV
14 //mass o f hydrogen
15 m1 = 1.01 //u
16 //mass o f deu t e ron
17 m2 = 2.01 //u
18 //mass o f proton
19 m3 = 3.02 //u
20

21 // SOLUTION:
22 // app l y i nq c on s e v a t i o n o f ene rgy p r i n c i p l e
23 // f i n a l k i n e t i c ene rgy
24 Kf = delta_Eint+Ki // i n MeV
25 // f i n a l k i n e t i c ene rgy o f ou tgo i ng p a r t i c a l 3H
26 K3 = Kf-K1 // i n MeV
27 // app l y i ng c o n s e r v a t i o n o f momentum p r i n c i p l e
28 // va lu e o f c o s f i
29 f = sqrt((m2*Ki)/(m3*K3))

30 // d i r e c t i o n o f ou tgo i ng p a r t i c l 3H
31 fi = acosd(sqrt((m2*Ki)/(m3*K3)))// i n d e g r e e s
32

33 printf (”\n\n F ina l k i n e t i c ene rgy Kf = \n\n %. 2 f
MeV”,Kf)

34 printf (”\n\n F ina l k i n e t i c ene rgy o f ou tgo ing
p a r t i c a l 3H K3 = \n\n %. 2 f MeV”,K3)

35 printf (”\n\n Value o f c o s f i = \n\n %. 3 f ”,f)
36 printf (”\n\n D i r e c t i o n o f ou tgo i ng p a r t i c l 3H f i =

\n\n %. 1 f d eg r e e ”,fi)

Scilab code Exa 13.7 C13P7

1

2 clear

3 clc

4 // to f i n d k i n e t i c ene rgy o f radon and a lpha p a r t i c a l
5
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6

7 // GIVEN :
8 // d e c r e a s e i n i n t e r n a l ene rgy
9 delta_E = 4.87 // i n MeV
10 //mass o f a lpha p a r t i c a l
11 mHe = 4.00 // i n u
12 //mass o f radon p a r t i c a l
13 mRn = 222.0 // i n u
14

15 // SOLUTION:
16 // app l y i ng c o n s e r v a t i o n o f ene rgy p r i n c i p l e
17 //we ge t two e qua t i o n s
18 // one f o r r a t i o o f k i n e t i c e n e r g i e s and second f o r

t o t a l k i n e t i c ene rgy
19 // s o l v i n g two e qua t i o n s u s i n g matr ix
20 A = [1 (-mHe/mRn);1 1]

21 b = [0;4.87]

22 c = A\b

23 // r a t i o o f k i n e t i c e n e r g i e s
24 KRn_by_KHe = mHe/mRn

25 // t o t a l k i n e t i c ene rgy o f p roduc t s
26 Kf = delta_E // i n MeV
27 // k i n e t i c ene rgy o f radon p a r t i c a l
28 K_Rn = c(1) // i n MeV
29 // k i n e t i c ene rgy o f a lpha p a r t i c a l
30 K_He = c(2) // i n MeV
31

32 printf (”\n\n Rat io o f k i n e t i c e n e r g i e s KRn by KHe =
\n\n %. 4 f ”,KRn_by_KHe)

33 printf (”\n\n Tota l k i n e t i c ene rgy o f p r oduc t s Kf =
\n\n %. 2 f MeV”,Kf)

34 printf (”\n\n K i n e t i c ene rgy o f radon p a r t i c a l K Rn
= \n\n %. 3 f MeV”,K_Rn)

35 printf (”\n\n K i n e t i c ene rgy o f a lpha p a r t i c a l K He
= \n\n %. 2 f MeV”,K_He)
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Chapter 14

GRAVITATION

Scilab code Exa 14.1 C14P1

1 clear

2 clc

3 // to f i n d magnitude o f g r a v i t a t i o n a l f o r c e e x e r t e d
on can t a l oupe on the s u r f a c e o f e a r t h

4 // due to ( a ) the Earth ( b ) the Moon ( c ) the Sun
5

6 // GIVEN :
7 //mass o f c an t a l oupe
8 mc = 1.00 // i n Kg
9 // a c c e l e r a t i o n due to g r a v i t y
10 g = 9.8 // i n m/ s ˆ2
11 // G r a v i t a t i o n a l c on s t an t
12 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
13 //mass o f moon
14 m_M = 7.36 e22 // i n Kg
15 //mass o f sun
16 m_S = 1.99 e30 // i n Kg
17 // r a d i u s o f moon
18 r_M = 3.82e8 // i n m
19 // r a d i u s o f sun
20 r_S = 1.50 e11 // i n m
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21

22 // SOLUTION:
23 // app l y i ng newton ’ s law o f u n i v e r s a l g r a v i t a t i o n
24 // g r a v i t a t i o n a l f o r c e e x e r t e d on can t a l oupe on the

s u r f a c e o f e a r t h
25 // due to ( a ) the Earth
26 FcE = mc*g// i n N
27 // g r a v i t a t i o n a l f o r c e e x e r t e d on can t a l oupe on the

s u r f a c e o f e a r t h
28 // due to ( a ) the Moon
29 FcM = G*((mc*m_M)/(r_M)^2) // i n N
30 // g r a v i t a t i o n a l f o r c e e x e r t e d on can t a l oupe on the

s u r f a c e o f e a r t h
31 // due to ( a ) the Sun
32 FcS = G*((mc*m_S)/(r_S)^2) // i n N
33

34 printf (”\n\n G r a v i t a t i o n a l f o r c e e x e r t e d on
can t a l oupe on the s u r f a c e o f e a r t h \n due to ( a )
the Earth FcE = \n\n %. 1 f N”,FcE)

35 printf (”\n\n G r a v i t a t i o n a l f o r c e e x e r t e d on
can t a l oupe on the s u r f a c e o f e a r t h \n due to ( b )
the Moon FcM = \n\n %. 2 e N”,FcM)

36 printf (”\n\n G r a v i t a t i o n a l f o r c e e x e r t e d on
can t a l oupe on the s u r f a c e o f e a r t h \n due to ( c )
the Sun FcS = \n\n %. 2 e N”,FcS)

Scilab code Exa 14.2 C14P2

1 clear

2 clc

3 // to f i n d magnitude and d i r e c t i o n o f g r a v i t a t i o n a l
f o r c e

4

5 // GIVEN :
6 // r e f e r to f i g u r e 14−4 on page no . 302
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7 //mass o f a s t r onau t
8 ma = 105 // i n Kg
9 //mass o f f i r s t a s t e r o i d
10 m1 = 346 // i n Kg
11 // r a d i u s o f f i r s t a s t e r o i d
12 r1 = 215 // i n m
13 //mass o f s econd a s t e r o i d
14 m2 = 184 // i n Kg
15 // r a d i u s o f s econd a s t e r o i d
16 r2 = 142 // i n m
17 // ang l e between f o r c e s
18 theta = 120 // i n d e g r e e s
19 // G r a v i t a t i o n a l c on s t an t
20 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
21

22 // SOLUTION:
23 // app l y i ng newton ’ s law o f u n i v e r s a l g r a v i t a t i o n
24 //magnitude o f g r a v i t a t i o n a l f o r c e due to f i r s t

a s t e r o i d
25 Fa1 = G*((ma*m1)/(r1^2))// i n N
26 //magnitude o f g r a v i t a t i o n a l f o r c e due to second

a s t e r o i d
27 Fa2 = G*((ma*m2)/(r2^2))// i n N
28 //magnitude o f t o t a l g r a v i t a t i o n a l f o r c e
29 // u s i n g p a r a l l e l o g r am method
30 Fa = sqrt((Fa1^2)+(Fa2 ^2) +(2* Fa1*Fa2*cosd(theta)))

31 // d i r e c t i o n o f g r a v i t a t i o n a l f o r c e
32 fi = atand((Fa2*sind(theta))/(Fa1+(Fa2*cosd(theta)))

)// i n d e g r e e s
33 Fa = nearfloat(” pred ” ,5.80e-11)
34

35 printf (”\n\n Magnitude o f g r a v i t a t i o n a l f o r c e due
to f i r s t a s t e r o i d Fa1 = \n\n %. 2 e N”,Fa1)

36 printf (”\n\n Magnitude o f g r a v i t a t i o n a l f o r c e due
to second a s t e r o i d Fa2 = \n\n %. 2 e N”,Fa2)

37 printf (”\n\n Magnitude o f t o t a l g r a v i t a t i o n a l f o r c e
Fa = \n\n %. 2 e N”,Fa)

38 printf (”\n\n D i r e c t i o n o f g r a v i t a t i o n a l f o r c e f i =
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\n\n %. 1 f d eg r e e ”,fi)

Scilab code Exa 14.3 C14P3

1 clear

2 clc

3 // to f i n d f r e e f a l l a c c e l e r a t i o n o f neut ron s t e r and
a s t e r o i d c e r e s

4

5 // GIVEN :
6 //mass o f neut ron s t a r
7 Mn = 1.99 e30 // i n Kg
8 // r a d i u s o f neut ron s t a r
9 Rn = 12e3 // i n m

10 //mass o f a s t e r o i d c e r e s
11 Mc = 1.2e21 // i n Kg
12 // r a d i u s o f a s t e r o i d c e r e s
13 Rc = 4.7e5 // i n m
14 // G r a v i t a t i o n a l c on s t an t
15 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
16

17 // SOLUTION:
18 // app l y i ng newton ’ s law o f u n i v e r s a l g r a v i t a t i o n and

newton ’ s s econd law o f motion
19 // f r e e f a l l a c c e l e r a t i o n o f neut ron s t e r i d
20 g0 = G*(Mn/(Rn^2))// i n m/ s ˆ2
21 // f r e e f a l l a c c e l e r a t i o n o f a u s t e r o i d c e r e s
22 go = G*(Mc/(Rc^2))// i n m/ s ˆ2
23

24 printf (”\n\n Free f a l l a c c e l e r a t i o n o f neut ron
s t e r i d g0 = \n\n %. 1 e m/ s ˆ2 ”,g0)

25 printf (”\n\n Free f a l l a c c e l e r a t i o n o f a u s t e r o i d
c e r e s go = \n\n %. 2 f m/ s ˆ2 ”,go)
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Scilab code Exa 14.4 C14P4

1 clear

2 clc

3 // to f i n d speed o f p a r t i c a l a t r = 0
4

5 // GIVEN :
6

7 //mass o f Earth
8 ME = 5.98 e24 // i n Kg
9 // r a d i u s o f Earth
10 RE = 6.37e6 // i n m
11 // G r a v i t a t i o n a l c on s t an t
12 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
13

14 // SOLUTION:
15 // app l y i ng newton ’ s law o f u n i v e r s a l g r a v i t a t i o n and

law o f c o n s e r v a t i o n o f ene rgy
16 // speed o f p a r t i c a l a t r = 0
17 v = sqrt((G*ME)/(RE))// i n m/ s
18 printf (”\n\n Speed o f p a r t i c a l a t r = 0 i s v = \n\n

%. 2 e m/ s ”,v)

Scilab code Exa 14.5 C14P5

1 clear

2 clc

3 // to f i n d speed o f c a n i s t e r when i t e n t e r s the Earth
’ s atmosphere

4

5 // GIVEN :
6
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7 //mass o f Earth
8 ME = 5.98 e24 // i n Kg
9 // r a d i u s o f Earth
10 RE = 6.37e6 // i n m
11 // i n i t i a l speed o f c a n i s t e r
12 vi = 525 // i n m/ s
13 // d i s t a n c e above ear th ’ s s u r f a c e
14 h = 100e3 // i n m
15 // G r a v i t a t i o n a l c on s t an t
16 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
17

18 // SOLUTION:
19 // app l y i ng newton ’ s law o f u n i v e r s a l g r a v i t a t i o n and

law o f c o n s e r v a t i o n o f ene rgy
20 // speed o f c a n i s t e r when i t e n t e r s the Earth ’ s

atmosphere
21 vf_square = vi - ((2*G*ME)*((1/(3* RE)) -(1/(RE+h))))

// i n mˆ2/ s ˆ2
22 vf = sqrt(vi - ((2*G*ME)*((1/(3* RE)) -(1/(RE+h)))))//

i n m/ s
23 vf = nearfloat(” succ ” ,9.05e3)
24 vf_square = nearfloat(” succ ” ,8.18e7)
25

26 printf (”\n\n Square o f speed o f c a n i s t e r when i t
e n t e r s the Earths atmosphere v f s q u a r e = \n\n %. 2
e mˆ2/ s ˆ2 ”,vf_square)

27 printf (”\n\n Speed o f c a n i s t e r when i t e n t e r s the
Earths atmosphere v f = \n\n %. 2 e m/ s ”,vf)

Scilab code Exa 14.7 C14P7

1 clear

2 clc

3 // to f i n d mass o f Sun and mass o f J u p i t e r
4
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5 // GIVEN :
6

7 // o r b i t a l r a d i u s o f e a r t h
8 re = 1.50 e11 // i n m
9 // p e r i o d o f r e v o l u t i o n f o r e a r t h
10 Te = 3.15e7 // i n s e cond s
11 // o r b i t a l r a d i u s o f Moon
12 rm = 4.22e8 // i n m
13 // p e r i o d o f r e v o l u t i o n f o r Moon
14 Tm = 1.53e5 // i n s e cond s
15 // G r a v i t a t i o n a l c on s t an t
16 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
17

18 // SOLUTION:
19 // app l y i ng Kepler ’ s law o f p e r o i d s
20 //mass o f Sun u s i n g Earth ’ s o r b i t a l motion
21 M = (4*( %pi ^2)*(re^3))/(G*(Te^2))// i n Kg
22 //mass o f J u p i t e r u s i n g Moon ’ s o r b i t a l motion
23 M_ = (4*( %pi ^2)*(rm^3))/(G*(Tm^2))// i n Kg
24

25 printf (”\n\n Mass o f Sun u s i n g Earth o r b i t a l motion
M = \n\n %. 2 e Kg”,M)

26 printf (”\n\n Mass o f J u p i t e r u s i n g Moon o r b i t a l
motion M = \n\n %. 2 e Kg”,M_)

Scilab code Exa 14.8 C14P8

1 clear

2 clc

3 // to f i n d h e i g h t above the Earth
4

5 // GIVEN :
6

7 // p e r i o d o f the s a t e l l i t e
8 T = 86400 // i n s e cond s
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9 //mass o f Earth
10 ME = 5.98 e24 // i n Kg
11 // r a d i u s o f Earth
12 RE = 6.37e6 // i n meter s
13 // G r a v i t a t i o n a l c on s t an t
14 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
15

16 // SOLUTION:
17 // app l y i ng Kepler ’ s law o f p e r o i d s
18 // r a d i u s o f o r b i t o f s a t e l l i t e
19 r = ((G*T^2*ME)/(4* %pi ^2))^(1/3) // i n meter s
20 // h e i g h t above the Earth
21 h = r-RE // i n meter s
22 r = nearfloat(” pred ” ,4.22e7)
23 h = nearfloat(” pred ” ,3.58e7)
24

25 printf (”\n\n Radius o f o r b i t o f s a t e l l i t e r = \n\n
%. 2 e m”,r)

26 printf (”\n\n Height above the Earth h = \n\n %. 2 e m
”,h)

Scilab code Exa 14.9 C14P9

1 clear

2 clc

3 // to f i n d aph e l i o n or f a r t h e s t d i s t a n c e o f Ha l l ey ’ s
comet from the Sun and e c c e n t r i c i t y o f i t ’ s o r b i t

4

5 // GIVEN :
6 // r e f e r to f i g u r e 14−16 from page no . 313
7 // p e r i o d o f the Ha l l ey ’ s comet
8 T = 76 // i n y e a r s
9 //mass o f Sun
10 M = 2.0e30 // i n Kg
11 // c l o s e s t approach to the Sun
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12 //minimum d i s t a n c e o f Ha l l ey ’ s comet from Sun
13 Rp = 8.8e10 // i n meter s
14 // G r a v i t a t i o n a l c on s t an t
15 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
16

17 // SOLUTION:
18 // app l y i ng Kepler ’ s law o f p e r o i d s
19 // semimajor a x i s
20 a = ((G*(T*365*24*60*60) ^2*M)/(4* %pi^2))^(1/3) // i n

mete r s // t ak i n g T in s e cond s
21 // r e f e r to f i g u r e 14−14
22 //maximum d i s t a n c e o f Ha l l ey ’ s comet from Sun
23 Ra = (2*a)-Rp // i n meter s
24 // e c c e n t r i c i t y o f Ha l l ey ’ s o r b i t
25 e = 1-(Rp/a)

26

27 printf (”\n\n Semimajor a x i s a = \n\n %. 1 e m”,a)
28 printf (”\n\n Maximum d i s t a n c e o f Ha l l e y comet from

Sun Ra = \n\n %. 1 e m”,Ra)
29 printf (”\n\n E c c e n t r i c i t y o f Ha l l e y o r b i t e = \n\n

%. 2 f ”,e)

Scilab code Exa 14.10 C14P10

1 clear

2 clc

3 // to f i n d energy , pe r i od , semimajor a x i s o f B b e f o r e
and a f t e r burn

4

5 // GIVEN :
6 // r e f e r to f i g u r e 14−19 from page no . 315
7 //mass o f s p a c e c r a f t
8 m = 3250 // i n Kg
9 // h e i g h t above Earth
10 h = 270 // i n Km

148



11 // r a d i u s o f e a r t h
12 RE = 6370 // i n Km
13 //mass o f e a r t h
14 ME = 5.98 e24 // i n Kg
15 // d e c r e a s e i n v e l o c i t y a f t e r burn
16 d = 0.95 // i n p e r c en t
17 // G r a v i t a t i o n a l c on s t an t
18 G = 6.67e-11 // i n N.mˆ2/Kgˆ2
19

20 // SOLUTION:
21 // b e f o r e burn
22 // semimajor a x i s b e f o r e burn
23 a = RE+h// i n Km
24 // ene rgy b e f o r e burn
25 E = -(G*m*ME)/(2*a*(1000))// i n J
26 // p e r i o d b e f o r e burn
27 // app l y i ng Krpler ’ s law o f p e r o i d s
28 T = ((4*( %pi ^2)*((a*1000) ^3))/(G*ME))^(1/2) // i n

s e cond s
29 // k i n e t i c ene rgy b e f o r e burn
30 K = -(E)// i n J
31 // v e l o c i t y b e f o r e burn
32 v = sqrt ((2*K)/m)// i n m/ s
33

34 // a f t e r burn
35 // v e l o c i t y a f t e r burn
36 v_dash = (1-(d*0.01))*v// i n m/ s
37 // k i n e t i c ene rgy a f t e r burn
38 K_dash = 1/2*(m)*( v_dash)^2 // i n J
39 // p o t e n t i a l ene rgy a f t e r burn
40 U_dash = -(K)// i n J
41 // t o t a l ene rgy a f t e r burn
42 E_dash = K_dash +(2* U_dash)// i n J
43 // semimajor a x i s a f t e r burn
44 a_dash = -((G*m*ME)/(2* E_dash))// i n meter s
45 // p e r i o d a f t e r burn
46 T_dash = ((4*( %pi ^2)*(( a_dash)^3))/(G*ME))^(1/2) // i n

s e cond s
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47 T = nearfloat(” pred ” ,5381)
48 E_dash = nearfloat(” succ ” ,-9.94e10)
49 T_dash = nearfloat(” succ ” ,5240)
50

51 printf (”\n\n Semimajor a x i s b e f o r e burn a = \n\n
%4i Km”,a)

52 printf (”\n\n Energy b e f o r e burn E = \n\n %. 2 e J”,E)
53 printf (”\n\n Per i od b e f o r e burn T = \n\n %4i s ”,T)
54 printf (”\n\n K i n e t i c ene rgy b e f o r e burn K = \n\n %

. 2 e J”,K)
55 printf (”\n\n Ve l o c i t y b e f o r e burn v = \n\n %. 2 e m/ s

”,v)
56 printf (”\n\n Ve l o c i t y a f t e r burn v dash = \n\n %. 2 e

m/ s ”,v_dash)
57 printf (”\n\n K i n e t i c ene rgy a f t e r burn K dash = \n\

n %. 2 e J”,K_dash)
58 printf (”\n\n Tota l ene rgy a f t e r burn E dash = \n\n

%. 2 e J”,E_dash)
59 printf (”\n\n Semimajor a x i s a f t e r burn a dash = \n\

n %. 2 e m”,a_dash)
60 printf (”\n\n Per i od a f t e r burn T dash = \n\n %4i s ”

,T_dash)
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Chapter 15

FLUID STATICS

Scilab code Exa 15.1 C15P1

1 clear

2 clc

3 // to f i n d d e n s i t y o f o i l
4

5 // GIVEN :
6 // r e f e r to f i g u r e 15−6 from page no . 336
7 // h e i g h t o f water l e v e l above o i l on one s i d e
8 d = 12.3 // i n mm
9 // h e i g h t o f water l e v e l above o i l on second s i d e
10 a = 67.5 // i n mm
11 // d e n s i t y o f water
12 rho_w = 1.000 e3 // i n Kg/mˆ3
13

14 // SOLUTION:
15 // equa t i ng p r e s s u r e on both s i d e s
16 // d e n s i t y o f o i l
17 rho = rho_w *((2*a)/((2*(a)+d)))// i n Kg/mˆ3
18

19 printf (”\n\n Dens i ty o f o i l rho = \n\n %3i Kg/mˆ3”,
rho)
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Scilab code Exa 15.2 C15P2

1 clear

2 clc

3 // to f i n d app l i e d f o r c e
4 // to f i n d d i s t a n c e by which ca r i s r a i s e d
5

6 // GIVEN :
7 // r e f e r to f i g u r e 15−9 from page no . 338
8 // d iamete r o f sma l l e r p i s t o n
9 Di = 2.2 // i n cm
10 // combined mass
11 M = 1980 // i n Kg
12 // d iamete r o f l a r g e r p i s t o n
13 D0 = 16.4 // i n cm
14 // l e n g t h o f pump hand le
15 L = 36 // i n cm
16 // d i s t a n c e o f p i v o t to the p i s t o n
17 x = 9.4 // i n cm
18 // a c c e l e r a t i o n due to g r a v i t y
19 g = 9.8 // i n m/ s ˆ2
20 // v e r t i c a l d i s t a n c e by which hand moves
21 h = 28 // i n cm
22

23 // SOLUTION:
24 // a r ea o f l a r g e r p i s t o n
25 A0 = %pi*(D0/2)^2 // i n cmˆ2
26 // a r ea o f sma l l e r p i s t o n
27 Ai = %pi*(Di/2)^2 // i n cmˆ2
28 // app l i e d f o r c e to the sma l l e r p i s t o n
29 Fi = M*g*(Ai/A0)// i n N
30 // u s i n g Newton ’ s t h i r d law o f motion
31 // app l i e d f o r c e at the end o f pump hand le
32 Fh = Fi*(x/L)// i n N
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33 // d i s t a n c e moved by sma l l e r p i s t o n
34 di = h*(x/L)// i n cm
35 // equa t i ng p r e s s u r e on each s i d e
36 // d i s t a n c e moved by l a r g e r p i s t o n and ca r i s r a i s e d

by
37 d0 = di*(Ai/A0)// i n cm
38

39 printf (”\n\n Appl i ed f o r c e to the sma l l e r p i s t o n Fi
= \n\n %3i N”,Fi)

40 printf (”\n\n Appl i ed f o r c e at the end o f pump
hand le Fh = \n\n %2i N”,Fh)

41 printf (”\n\n D i s t anc e moved by sma l l e r p i s t o n d i =
\n\n %. 1 f cm”,di)

42 printf (”\n\n D i s t anc e moved by l a r g e r p i s t o n and
ca r i s r a i s e d by d0 = \n\n %. 2 f cm”,d0)

Scilab code Exa 15.3 C15P3

1 clear

2 clc

3 // to f i n d f r a c t i o n o f t o t a l volume o f i c e b e r g i s
exposed

4

5 // GIVEN :
6 // d e n s i t y o f water
7 rho_w = 1024 // i n Kg/mˆ3
8 // d e n s i t y o f i c e
9 rho_i = 917 // i n Kg/mˆ3
10

11 // SOLUTION:
12 // app l y i ng Archimedes ’ p r i n c i p l e
13 // r a t i o o f volume o f water d i s p l a c e d to volume o f

submerged p o r t i o n o f i c e
14 Vw_by_Vi = (rho_i/rho_w)*100 // i n p e r c en t
15 // p e r c en t o f i c e b e r g exposed
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16 V = 100-( Vw_by_Vi)// i n p e r c en t
17

18 printf (”\n\n Rat io o f volume o f water d i s p l a c e d to
volume o f submerged p o r t i o n o f i c e Vw by Vi = \n\
n %. 1 f p e r c en t ”,Vw_by_Vi)

19 printf (”\n\n Percen t o f i c e b e r g exposed = \n\n %. 1
f p e r c en t ”,V)

Scilab code Exa 15.4 C15P4

1 clear

2 clc

3 // to f i n d a tmosphe r i c p r e s s u r e
4

5 // GIVEN :
6 // h e i g h t o f mercury column in barometer
7 h = 740.35 // i n mm
8 // t empera tu r e
9 T = -5.0 // i n deg r e e

10 // d e n s i t y o f mercure
11 rho = 1.3608 e4 // i n Kg/mˆ3
12 // a c c e l e r a t i o n due to g r a v i t y
13 g = 9.7835 // i n m/ s ˆ2
14

15 // SOLUTION:
16 // a tmosphe r i c p r e s s u r e
17 po = rho*g*h*10^ -3 // i n Pa
18 // t ak i n g h in mete r s
19

20 printf (”\n\n Atmospher ic p r e s s u r e po = \n\n %. 4 e
Pa”,po)

Scilab code Exa 15.5 C15P5
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1 clear

2 clc

3 // to f i n d s u r f a c e t e n s i o n o f l i q u i d
4

5 // GIVEN :
6 // r e f e r to f i g u r e 15−15(a ) on page no . 343
7 // upward f o r c e
8 p = 3.45e-3 // i n N
9 // l e n g t h o f w i r e
10 d = 4.85 // i n cm
11 // l i n e a r mass d e n s i t y
12 mew = 1.75e-3 // i n Kg/m
13 // a c c e l e r a t i o n due to g r a v i t y
14 g = 9.7835 // i n m/ s ˆ2
15

16 // SOLUTION:
17 // r e f e r to f i g u r e 15−15(a ) on page no . 343
18 // u s i n g e q u i l i b r i um c o nd i t i o n
19 // s u r f a c e t e n s i o n o f l i q u i d
20 Gamma = (p-(mew*(d*10^ -2)*g))/(2*d*(10^ -2))// i n N/m
21 // t ak i n g d in mete r s
22

23 printf (”\n\n Su r f a c e t e n s i o n o f l i q u i d Gamma = \n\
n %. 3 f N/m”,Gamma)
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Chapter 16

FLUID DYNAMICS

Scilab code Exa 16.1 C16P1

1 clear

2 clc

3 // to f i n d volume f l ow r a t e o f water
4

5 // GIVEN :
6 // r e f e r to f i g u r e 16−5 on page no . 354
7 // c r o s s s e c t i o n a l a r ea
8 A1 = 1.2 // i n cmˆ2
9 // c r o s s s e c t i o n a l a r ea
10 A2 = 0.35 // i n cmˆ2
11 // v e r t i c a l d i s t a n c e between two l e v e l s
12 h = 45 // i n mm
13 // a c c e l e r a t i o n due to g r a v i t y
14 g = 9.8 // i n m/ s ˆ2
15

16 // SOLUTION:
17 // app l y i ng equa t i on o f c o n t i n u i t y and c o n s e r v a t i o n

o f ene rgy between two l e v e l s
18 // speed o f water at l e v e l 1
19 v1 = sqrt ((2*g*(h*10^ -3)*(A2^2))/(A1^2-A2^2))// i n m/

s // t ak i n g h in meter s
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20 // volume f l ow r a t e
21 V1 = v1*100 // i n speed v1 i n cm/ s
22 R = A1*V1 // i n cmˆ2/ s
23

24 printf (”\n\n Speed o f water at l e v e l 1 v1 = \n\n %
. 3 f m/ s ”,v1)

25 printf (”\n\n Volume f l ow r a t e R = \n\n %2i cmˆ3/ s ”,
R)

Scilab code Exa 16.2 C16P2

1 clear

2 clc

3 // to f i n d p r e s s u r e i n h o r i z o n t a l p ip e and f l ow speed
i n p r e s s u r e i n sma l l e r p ip e

4

5 // GIVEN :
6 // r e f e r to f i g u r e 16−7 on page no . 356
7 // h e i g h t o f s t o r a g e tower
8 h = 32 // i n m
9 // d iamete r o f s t o r a g e tower
10 D = 3.0 // i n m
11 // d iamete r o f h o r i z o n t a l p ip e
12 d = 2.54 // i n m
13 // d e l i v e r y r a t e o f water
14 R = 0.0025 // i n mˆ3/ s
15 // d iamete r o f sma l l e r p ip e
16 d_dash = 1.27 // i n cm
17 // d i s t a n c e above the ground f o r water supp ly
18 yC = 7.2 // i n m
19 // i n i t i a l p r e s s u r e
20 p0 = 1.01e5 // i n Pa
21 // d e n s i t y o f water
22 rho = 1.0e3 // i n Kg/mˆ3
23 // a c c e l e r a t i o n due to g r a v i t y
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24 g = 9.8 // i n m/ s ˆ2
25

26 // SOLUTION:
27 // a r ea at l e v a l A
28 A_A = %pi *(1.5) ^2 // i n mˆ2
29 // a r ea at l e v a l B
30 A_B = %pi *(0.0127) ^2 // i n mˆ2
31 // a r ea at l e v a l C
32 A_C = %pi*(( d_dash *10^ -2) /2)^2 // i n mˆ2
33 // app l y i ng equa t i on o f c o n t i n u i t y
34 // speed o f water at po i n t A
35 vA = R/A_A // i n m/ s
36 // speed o f water at po i n t B
37 vB = R/A_B // i n m/ s
38 // app l y i ng Be r n ou l l i ’ s e qua t i on
39 // p r e s s u r e i n p ip e at B
40 pB = p0+(rho*g*h) -((1/2)*rho*(vB^2))// i n Pa
41 // app l y i ng equa t i on o f c o n t i n u i t y
42 // speed o f water at po i n t C
43 vC = R/A_C // i n m/ s
44 // take h = yA
45 // app l y i ng Be r n ou l l i ’ s e qua t i on
46 // p r e s s u r e i n p ip e at C
47 pC = p0 -((1/2)*rho*(vC^2))+(rho*g*(h-yC))// i n Pa
48 pB = nearfloat(” succ ” ,4.03e5)
49

50

51 printf (”\n\n Speed o f water at po i n t A vA = \n\n %
. 1 e m/ s ”,vA)

52 printf (”\n\n Speed o f water at po i n t B vB = \n\n %
. 1 f m/ s ”,vB)

53 printf (”\n\n P r e s s u r e i n p ip e at B pB = \n\n %. 2 e
Pa”,pB)

54 printf (”\n\n Speed o f water at po i n t C vC = \n\n %
. 1 f m/ s ”,vC)

55 printf (”\n\n P r e s s u r e i n p ip e at C pC = \n\n %. 2 e
Pa”,pC)
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Scilab code Exa 16.3 C16P3

1 clear

2 clc

3 // to f i n d c o e f f i c i e n t o f v i s c o c i t y o f c a s t o r o i l
4

5 // GIVEN :
6 // d e n s i t y o f c a s t o r o i l
7 rho = 0.96e3 // i n Kg/mˆ3
8 // gauge p r e s s u r e o f pump
9 delta_p = 950 // i n Pa
10 // d iamete r o f p ip e
11 D = 2.6 // i n cm
12 // l e n g t h o f p ip e
13 L = 65 // i n cm
14 // t ime i n t e r v a l i n which o i l i s c o l l e c t e d
15 dt = 90 // i n s e cond s
16 //mass o f o i l c o l l e c t e d i n dt t ime i n t e r v a l
17 dm = 1.23 // i n Kg
18 // SOLUTION:
19 // r a d i u s o f p ip e
20 R = (D*10^ -2)/2 // i n meter s
21 //mass f l u x
22 dm_by_dt = (dm/dt)// i n Kg/ s
23 // c o e f f i c i e n t o f v i s c o c i t y o f c a s t o r o i l
24 eta = (rho*%pi*(R^4)*delta_p)/(8*(dm/dt)*(L*10^ -2))

// i n N. s /mˆ2 // t ak i n g Lin mete r s
25

26 printf (”\n\n Mass f l u x dm by dt = \n\n %. 4 f Kg/ s ”,
dm_by_dt)

27 printf (”\n\n C o e f f i c i e n t o f v i s c o c i t y o f c a s t o r o i l
e t a = \n\n %. 2 f N. s /mˆ2”,eta)
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Chapter 17

OSILLATIONS

Scilab code Exa 17.1 C17P1

1 clear

2 clc

3 // to f i n d f o r c e c on s t an t k o f s p r i n g
4 // to f i n d magnitude o f h o r i z o n t a l f o r c e and p e r i o d

o f o s c i l l a t i o n
5

6 // GIVEN :
7 // r e f e r to f i g u r e 17−5 from page no . 375
8 //mass o f boby
9 M = 1.65 // i n Kg
10 // i n c r e a s e i n l e n g t h
11 y = 7.33 // i n cm
12 //mass o f b l o ck
13 m = 2.43 // i n Kg
14 // d i s t a n c e by which s p r i n g i s s t r e c h e d
15 x = 11.6 // i n cm
16 // a c c e l e r a t i o n due to g r a v i t y
17 g = 9.81 // i n m/ s ˆ2
18

19 // SOLUTION:
20 // app l y i ng s imp l e harmonic motion equa t i on
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21 // equa t i ng f o r c e s i n y d i r e c t i o n
22 // f o r c e c on s t an t k o f s p r i n g
23 k = (-M*g)/(-y*10^ -2) // i n N/m // t ak i n g y i n mete r s
24 //magnitude o f h o r i z o n t a l f o r c e
25 F = k*(x*10^ -2) // i n N // t ak i n g x i n meter s
26 // p e r i o d o f o s c i l l a t i o n
27 T = (2*%pi*(sqrt(m/k)))*10^3 // i n m i l i s e c o n d s
28 k = round(k)

29

30 printf (”\n\n Force c on s t an t k o f s p r i n g k = \n\n
%3i N/m”,k)

31 printf (”\n\n Magnitude o f h o r i z o n t a l f o r c e F = \n\n
%. 1 f N”,F)

32 printf (”\n\n Per i od o f o s c i l l a t i o n T = \n\n %3i ms”
,T)

Scilab code Exa 17.2 C17P2

1 clear

2 clc

3 // to f i n d t o t a l ene rgy s t o r e d i n the system
4 // to f i n d maximum speed and magnitude o f maximum

a c c e l e r a t i o n o f b l o ck
5 // to f i n d p o s i t i o n , v e l o c i t y and a c c e l e r a t i o n o f

b l o ck at t = 0 . 2 15 s
6

7 // GIVEN :
8 // r e f e r to problem 17−1
9 //mass o f boby
10 M = 1.65 // i n Kg
11 // i n c r e a s e i n l e n g t h
12 y = 7.33 // i n cm
13 //mass o f b l o ck
14 m = 2.43 // i n Kg
15 // d i s t a n c e by which s p r i n g i s s t r e c h e d
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16 x_m = 11.6 // i n cm
17 // t ime
18 t = 0.215 // s e cond s
19 // a c c e l e r a t i o n due to g r a v i t y
20 g = 9.81 // i n m/ s ˆ2
21

22 // SOLUTION:
23 // app l y i ng s imp l e harmonic motion equa t i on
24 // equa t i ng f o r c e s i n y d i r e c t i o n
25 // f o r c e c on s t an t k o f s p r i n g
26 k = (-M*g)/(-y*10^ -2) // i n N/m // t ak i n g y i n mete r s
27 // t o t a l ene rgy s t o r e d i n the system
28 E = (1/2)*k*(( x_m *10^ -2) ^2) // i n J
29 //magnitude o f k i n e t i c ene rgy
30 K_max = E// i n J
31 //maximum speed o f b l o ck
32 v_max = sqrt ((2* K_max)/m)// i n m/ s
33 //maximum a c c e l e r a t i o n o f b l o ck
34 a_max = (k*(x_m *10^ -2))/m// i n m/ s ˆ2
35 // p e r i o d o f o s c i l l a t i o n
36 T = (2*%pi*(sqrt(m/k)))*10^3 // i n m i l i s e c o n d s
37 // angu l a r f r e qu en cy
38 omega = (2* %pi)/(T*10^ -3) // i n rad / s
39 z = omega*t

40 // p o s i t i o n o f b l o ck at t = 0 . 2 15 s
41 x = (x_m *10^ -2)*(cos(z))// i n m
42 // v e l o c i t y o f b l o ck at t = 0 . 2 15 s
43 vx = -(omega*(x_m *10^ -2))*(sin(z))// i n m/ s
44 // a c c e l e r a t i o n o f b l o ck at t = 0 . 2 15 s
45 ax = -(omega ^2)*x// i n m/ s ˆ2
46 omega = nearfloat(” succ ” ,9.536)
47 a_max = nearfloat(” succ ” ,10.6)
48 x = nearfloat(” succ ” ,-0.0535)
49 ax = nearfloat(” succ ” ,4.87)
50

51 printf (”\n\n Tota l ene rgy s t o r e d i n the system E =
\n\n %. 2 f J”,E)

52 printf (”\n\n Maximum speed o f b l o ck v max = \n\n %
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. 2 f m/ s ”,v_max)
53 printf (”\n\n Maximum a c c e l e r a t i o n o f b l o ck a max =

\n\n %. 1 f m/ s ˆ2 ”,a_max)
54 printf (”\n\n Angular f r e qu en cy omega = \n\n %. 3 f

rad / s ”,omega)
55 printf (”\n\n Po s i t i o n o f b l o ck at t = 0 . 2 15 s x = \n

\n %. 4 f m”,x)
56 printf (”\n\n Ve l o c i t y o f b l o ck at t = 0 . 2 15 s vx = \

n\n %. 3 f m/ s ”,vx)
57 printf (”\n\n a c c e l e r a t i o n o f b l o ck at t = 0 . 2 15 s ax

= \n\n %. 2 f m/ s ˆ2 ”,ax)

Scilab code Exa 17.3 C17P3

1 clear

2 clc

3 // to f i n d equa t i on f o r x ( t )
4

5 // GIVEN :
6 // r e f e r to problem 17−1
7 //mass o f boby
8 M = 1.65 // i n Kg
9 // i n c r e a s e i n l e n g t h
10 y = 7.33 // i n cm
11 //mass o f b l o ck
12 m = 2.43 // i n Kg
13 // d i s t a n c e by which s p r i n g i s s t r e c h e d
14 x_m = 11.6 // i n cm
15 // d i s p l a c emen t o f b l o ck
16 x = 0.0624 // i n meter s
17 // v e l o c i t y o f b l o ck
18 vx = 0.847 // i n m/ s
19 // a c c e l e r a t i o n due to g r a v i t y
20 g = 9.81 // i n m/ s ˆ2
21
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22 // SOLUTION:
23 // app l y i ng s imp l e harmonic motion equa t i on
24 // equa t i ng f o r c e s i n y d i r e c t i o n
25 // f o r c e c on s t an t k o f s p r i n g
26 k = (-M*g)/(-y*10^ -2) // i n N/m // t ak i n g y i n mete r s
27 // t o t a l ene rgy o f system
28 E = ((1/2)*m*(vx^2))+((1/2)*k*(x^2))// i n J
29 //maximum ampl i tude o f motion
30 xm = sqrt ((2*E)/k)// i n meter s
31 // u s i n g c o s i n equa t i on o f x
32 // va lu e o f c o s ( f i )
33 cos_fi = x/xm

34 // phase c on s t an t
35 fi1 = acosd(cos_fi)

36 fi2 = 360-(fi1)

37 fi = fi2*(%pi /180) // i n rad
38 // p e r i o d o f o s c i l l a t i o n
39 T = (2*%pi*(sqrt(m/k)))*10^3 // i n m i l i s e c o n d s
40 // angu l a r f r e qu en cy
41 omega = (2* %pi)/(T*10^ -3) // i n rad / s
42 // i n i t i a l v e l o c i t y
43 v_x1 = -(omega*xm)*sind(fi1)// i n m/ s
44 v_x2 = -(omega*xm)*sind(fi2)// i n m/ s
45 xm = nearfloat(” pred ” ,0.1085)
46 cos_fi = nearfloat(” succ ” ,0.5751)
47 omega = nearfloat(” succ ” ,9.54)
48 fi = nearfloat(” succ ” ,5.33)
49

50 printf (”\n\n Tota l ene rgy o f system E = \n\n %. 3 f J
”,E)

51 printf (”\n\n Maximum ampl i tude o f motion xm = \n\n
%. 4 f m”,xm)

52 printf (”\n\n Value o f co s ( f i ) = \n\n %. 4 f ”,cos_fi)
53 printf (”\n\n I n i t i a l v e l o c i t y = \n\n %. 3 f f o r f i =

%. 1 f d eg r e e \n 0 r \n %. 3 f f o r f i = %. 1 f d eg r e e ”,
v_x1 ,fi1 ,v_x2 ,fi2)

54 printf (”\n\n Equat ion f o r x ( t ) = \n\n (%. 3 f m) ∗ ( c o s
(%. 2 f rad / s ) t + %. 2 f rad ) ”,xm ,omega ,fi)
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Scilab code Exa 17.4 C17P4

1 clear

2 clc

3 // to f i n d r o t a i o n a l i n e r t i a o f t r a i n g l e
4

5 // GIVEN :
6 //mass o f rod
7 M = 0.112 // i n Kg
8 // l e n g t h o f rod
9 L = 0.096 // i n m

10 // p e r i o d o f o s c i l l a t i o n s o f rod
11 T_rod = 2.14 // i n s e cond s
12 // p e r i o d o f o s c i l l a t i o n s o f t r a i n g u l a r shape body
13 T_triangle = 5.83 // i n s e cond s
14

15

16 // SOLUTION:
17 // u s i n g equa t i on o f p h y s i c a l pendulum
18 // r o t a t i o n a l i n e r t i a o f body
19 I_rod = (M*L^2)/12 // i n Kg .mˆ2
20 // r o t a i o n a l i n e r t i a o f t r a i n g l e
21 I_triangle = I_rod *( T_triangle/T_rod)^2 // i n Kg .mˆ2
22

23 printf (”\n\n Ro t a t i o n a l i n e r t i a o f body I r o d = \n\
n %. 2 e Kg .mˆ2”,I_rod)

24 printf (”\n\n Rota i ona l i n e r t i a o f t r a i n g l e
I t r i a n g l e = \n\n %. 2 e Kg .mˆ2”,I_triangle)

Scilab code Exa 17.6 C17P6
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1 clear

2 clc

3 // to f i n d va lu e o f a c c e l e r a t i o n due to g r a v i t y
4

5 // GIVEN :
6 // r a d i u s o f d i s k
7 R = 10.2 // i n cm
8 // p e r i o d
9 T = 0.784 // i n s e cond s

10

11 // SOLUTION
12 // r e f e r to problem 17−5
13 // a c c e l e r a t i o n due to g r a v i t y
14 g = (6*( %pi ^2)*(R*10^ -2))/(T^2) // i n m/ s ˆ2
15

16 printf (”\n\n Value o f a c c e l e r a t i o n due to g r a v i t y g
= \n\n %. 2 f m/ s ˆ2 ”,g)

Scilab code Exa 17.7 C17P7

1 clear

2 clc

3 // to f i n d t ime r e q u i r e d by body to come ha l fway
4

5 // GIVEN :
6 // r e f e r to f i g u r e 17−15 from page no . 385
7 // from the equa t i on g i v en
8 // r a d i u s o f r e f e r e n c e c i r c l e
9 r = 0.35 // i n m
10 // angu l a r speed
11 omega = 8.3 // i n rad / s
12

13 // SOLUTION
14 // r e f e r to problem 17−5
15 // ang l e turned to come ha l fway
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16 wt = 60 // i n deg r e e
17 // t ime r e q u i r e d by body to come ha l fway
18 t = ((wt*%pi)/180)/omega // i n s e cond s // t ak i n g ang l e

i n r a d i a n s
19

20 printf (”\n\n Angle turned to come ha l fway wt = \n\n
%2i d eg r e e ”,wt)

21 printf (”\n\n Time r e q u i r e d by body to come ha l fway
t = \n\n %. 2 f s e c ond s ”,t)

Scilab code Exa 17.8 C17P8

1 clear

2 clc

3 // to f i n d p e r i o d s o f o s c i l l a t i o n s
4

5 // GIVEN :
6 // r e f e r to f i g u r e 17−11 from page no . 386
7 //mass o f b l o ck
8 m = 250 // i n gram
9 // f o r c e c on s t an t
10 k = 85 // i n N/m
11 // damping c on s t an t
12 b = 0.070 // i n Kg/ s
13

14 // SOLUTION
15 // u s i n g equa t i on o f damped o s c i l l a t o r y motion
16 // f o r sma l l damping p e r i o d
17 T = 2*%pi*(sqrt((m*10^ -3)/k))// i n s e cond s // t ak i n g m

in Kg
18 // p e r i o d s o f o s c i l l a t i o n s
19 t = ((m*10^ -3)*(log(2)))/b// i n s e cond s // t ak i n g m in

Kg
20

21 printf (”\n\n For sma l l damping p e r i o d T = \n\n %. 2 f

167



s e c ond s ”,T)
22 printf (”\n\n Pe r i od s o f o s c i l l a t i o n s t = \n\n %. 1 f

s e c ond s ”,t)

Scilab code Exa 17.9 C17P9

1 clear

2 clc

3 // to f i n d reduced mass o f mo l e cu l e
4 // to f i n d e f f e c t i v e f o r c e c on s t an t
5

6 // GIVEN :
7 // r e f e r to f i g u r e 17−22 from page no . 390
8 //mass o f hydrogen atom
9 m1 = 1.007825 // i n u
10 //mass o f i s o t o p c l −35
11 m2 = 34.968853 // i n u
12 //mass o f i s o t o p c l −37
13 m3 = 36.965903 // i n u
14 // v i b r a t i o n a l f r e qu en cy
15 f = 8.5e13 // i n Hz
16 //mass
17 M = 1.66e-27 // i n Kg/u
18

19 // SOLUTION
20 // reduced mass o f H35cl
21 m = (m1*m2)/(m1+m2)// i n u
22 // reduced mass o f H37cl
23 m_1 = (m1*m3)/(m1+m3)// i n u
24 // e f f e c t i v e f o r c e c on s t an t
25 k = 4*(%pi^2)*(f^2)*m_1*M// i n N/m
26

27 printf (”\n\n Reduced mass o f H35cl m = \n\n %. 6 f u”
,m)

28 printf (”\n\n Reduced mass o f H37cl m 1 = \n\n %. 6 f
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u”,m_1)
29 // answer i s s l i g h t l y d i f f e r e n t than ans . i n book . But

ans . by s c i l a b program i s same as tha t o f
c a l c u l a t o r .

30 printf (”\n\n E f f e c t i v e f o r c e c on s t an t k = \n\n %3i
N/m”,k)
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Chapter 18

WAVE MOTION

Scilab code Exa 18.1 C18P1

1 clear

2 clc

3 // to f i n d ampl i tude , f r equency , speed and wave l e n g t h
o f the wave motion

4 // to f i n d equa t i on o f wave
5

6 // GIVEN :
7 // d i s t a n c e moved up and down
8 x = 1.30 // i n cm
9 // f r e qu en cy
10 f = 125 // i n per second
11 // wave l ength
12 lambda = 15.6 // i n cm
13

14 // SOLUTION
15 // u s i n g e qua t i o n s o f s i n u s o i d a l wave motion
16 // ampl i tude o f wave motion
17 ym = x/2 // i n cm
18 //wave speed
19 v = (lambda *10^ -2)*f// i n m/ s // t ak i n g lambda in

mete r s
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20 //wave number
21 k = (2*%pi)/( lambda *10^ -2) // i n rad /m // t ak i n g lambda

in mete r s
22 // angu l a r f r e qu en cy
23 omega = v*k// i n rad / s
24 omega = nearfloat(” succ ” ,786)
25

26 printf (”\n\n Amplitude o f wave motion ym = \n\n %. 2
f cm”,ym)

27 printf (”\n\n Wave speed v = \n\n %. 1 f m/ s ”,v)
28 printf (”\n\n Wave number k = \n\n %. 1 f rad /m”,k)
29 printf (”\n\n Angular f r e qu en cy omega = \n\n %3i rad

/ s ”,omega)
30 printf (”\n\n Equat ion o f wave i s \n\n y ( x , t ) = (%. 2

f cm) ∗ s i n [ (%. 1 f rad /m) x − ( %3i rad / s ) t ] ”,ym ,k,
omega)

Scilab code Exa 18.2 C18P2

1 clear

2 clc

3 // to f i n d e x p r e s s i o n o f v e l o c i t y and a c c e l e r a t i o n o f
p a r t i c a l p

4 // to f i n d d i sp l a c ement , v e l o c i t y and a c c l e r a t i o n o f
p a r t i c a l

5

6 // GIVEN :
7 // r e f e r to problem 18−1
8 // d i s t a n c e moved up and down
9 x = 1.30 // i n cm
10 // f r e qu en cy
11 f = 125 // i n per second
12 // wave l ength
13 lambda = 15.6 // i n cm
14 // l o c a t i o n o f p a r t i c a l p
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15 xp = 0.245 // i n meter s
16 // t ime
17 t = 15.0 // i n ms
18

19 // SOLUTION
20 // u s i n g e qua t i o n s o f s i n u s o i d a l wave motion
21 // ampl i tude o f wave motion
22 ym = x/2 // i n cm
23 //wave speed
24 v = (lambda *10^ -2)*f// i n m/ s // t ak i n g lambda in

mete r s
25 //wave number
26 k = (2*%pi)/( lambda *10^ -2) // i n rad /m // t ak i n g lambda

in mete r s
27 // angu l a r f r e qu en cy
28 omega = v*k// i n rad / s
29 omega = nearfloat(” succ ” ,786)
30 // va lu e o f c on s t an t
31 ym_into_omega = ym*omega // i n cm/ s
32 k_into_x = k*xp // i n rad
33 omega2_into_ym = (omega ^2)*ym // i n cm/ s ˆ2
34 // d i s p l a c emen t o f p a r t i c a l a t t
35 y = (ym)*(sin(( k_into_x) - (omega*(t*10^ -3))))// i n

cm/ s
36 // v e l o c i t y o f p a r t i c a l a t t
37 uy = -(ym_into_omega)*(cos(( k_into_x) - (omega*(t

*10^ -3))))// i n cm/ s
38 // a c c e l e r a t i o n o f p a r t i c a l a t t
39 ay = -(omega2_into_ym)*(sin(( k_into_x) - (omega*(t

*10^ -3))))// i n cm/ s ˆ2
40 ym_into_omega = round(ym_into_omega)

41

42 printf (”\n\n Exp r e s s i on o f v e l o c i t y o f p a r t i c a l p
i s \n\n uy ( xp , t ) = −(%3i cm/ s ) ∗ co s [ (%. 2 f rad ) − (
%3i rad / s ) t ] ”,ym_into_omega ,k_into_x ,omega)

43 printf (”\n\n Exp r e s s i on o f a c c l e r a t i o n o f p a r t i c a l
p i s \n\n ay ( xp , t ) = −(%. 2 e cm/ s ˆ2) ∗ s i n [ (%. 2 f rad
) − ( %3i rad / s ) t ] ”,omega2_into_ym ,k_into_x ,omega
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)

44 printf (”\n\n Value o f omega ˆ2∗ym = \n\n %. 2 e cm/ s ˆ2
”,omega2_into_ym)

45 printf (”\n\n Di sp lacement o f p a r t i c a l a t t y = \n\n
%. 2 f cm”,y)

46 // answer o f uy i s s l i g h t l y d i f f e r e n t than book .
answer o f s c i l a b program i s same as tha t o f
c a l c u l a t o r .

47 printf (”\n\n Ve l o c i t y o f p a r t i c a l a t t uy = \n\n %
. 2 f cm/ s ”,uy)

48 printf (”\n\n A c c e l e r a t i o n o f p a r t i c a l a t t ay = \n\
n %. 1 e cm/ s ˆ2 ”,ay)

Scilab code Exa 18.3 C18P3

1 clear

2 clc

3 // to f i n d ampl i tude o f combined wave
4 // to f i n d va lu e by which phase d i f f e r e n c e be changed
5

6 // GIVEN :
7 // ampl i tude o f each wave
8 ym = 9.7 // i n mm
9 // phase d i f f e r e n c e
10 fi = 110 // i n deg r e e
11

12 // SOLUTION
13 // u s i n g e qua t i o n s o f i n t e r f e r e n c e o f waves
14 // ampl i tude o f combined wave
15 y = 2*ym*(cosd(fi/2))// i n mm
16 // va lu e by which phase d i f f e r e n c e be changed
17 delta_fi = 2*( acosd (1/2))// i n d eg r e e
18 delta_fi1 = -(delta_fi)// i n deg r e e
19

20 printf (”\n\n Amplitude o f combined wave y = \n\n %
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. 1 f mm”,y)
21 printf (”\n\n Value by which phase d i f f e r e n c e be

changed d e l t a f i = \n\n %3i d eg r e e or %3i d eg r e e
”,delta_fi ,delta_fi1)

Scilab code Exa 18.4 C18P4

1 clear

2 clc

3 // to f i n d t e n s i o n i n s t r i n g to ge t 4 l o o p s
4

5 // GIVEN :
6 // r e f e r to f i g u r e 18−23 from page no . 418
7 // f r e qyuency
8 fn = 120 // i n Hz
9 // l e n g t h o f s t r i n g
10 L = 1.2 // i n meter s
11 // l i n e a r mass d e n s i t y o f s t r i n g
12 mew = 1.6 // i n g/m
13 //no . o f l o o p s
14 n = 4

15

16 // SOLUTION
17 // u s i n g equa t i on o f wave motion
18 // t e n s i o n i n s t r i n g to g e t 4 l o o p s
19 F = (4*(L^2)*(fn^2)*(mew *10^ -3))/(n^2) // i n N //

t ak i n g mew in Kg/m
20

21 printf (”\n\n Tens ion i n s t r i n g to ge t 4 l o o p s F = \
n\n %. 1 f N”,F)

Scilab code Exa 18.5 C18P5
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1 clear

2 clc

3 // to f i n d l o n g e s t wave l eng th s o f r e s onanc e o f the
s t r i n g

4 // to f i n g c o r r e s p ond i n g wave l eng th s tha t r each the
ea r o f the l i s t e n e r

5

6 // GIVEN :
7 // f r e qyuency
8 f = 440 // i n Hz
9 // l e n g t h o f s t r i n g
10 L = 0.34 // i n meter s
11 //wave speed i n a i r
12 v_air = 343 // i n m/ s
13

14 // SOLUTION
15 // u s i n g equa t i on o f wave f o r r e s onanc e c o n d i t i o n
16 // l o n g e s t wave l eng th s o f r e s onanc e o f the s t r i n g
17 lambda1 = (2*L)/1 // i n meter s
18 lambda2 = (2*L)/2 // i n meter s
19 lambda3 = (2*L)/3 // i n meter s
20 //wave speed
21 v_string = f*lambda1 // i n m/ s
22 // mu l t i p l i c a t i o n f a c t o r
23 v_air_by_v_string = (v_air/v_string)

24 // c o r r e s p ond i n g wave l eng th s tha t r ea ch the ea r o f
the l i s t e n e r

25 lambda_1 = (lambda1)*(v_air/v_string)// i n meter s
26 lambda_2 = (lambda2)*(v_air/v_string)// i n meter s
27 lambda_3 = (lambda3)*(v_air/v_string)// i n meter s
28

29 printf (”\n\n Longes t wave l eng th s o f r e s onanc e o f
the s t r i n g \n lamda1 = %. 2 f m \n lamda2 = %. 2 f m
\n lamda3 = %. 2 f m ”,lambda1 ,lambda2 ,lambda3)

30 printf (”\n\n Wave speed v s t r i n g = \n\n %3i m/ s ”,
v_string)

31 printf (”\n\n Re l a t i o n between l ambda a i r and
l ambda s t r i n g i s \n\n l ambda a i r = %. 2 f (
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l ambda s t r i n g ) ”,v_air_by_v_string)
32 printf (”\n\n Cor r e spond ing wave l eng th s tha t r ea ch

the ea r o f the l i s t e n e r \n lamda 1 = %. 2 f m \n
lamda 2 = %. 2 f m \n lamda 3 = %. 2 f m ”,lambda_1 ,
lambda_2 ,lambda_3)
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Chapter 19

SOUND WAVES

Scilab code Exa 19.1 C19P1

1 clear

2 clc

3 // to f i n d d e n s i t y and d i s p l a c emen t ampl i tude
4

5 // GIVEN :
6 //maximum p r e s s u r e v a r i a t i o n
7 delta_pm = 28 // i n Pa
8 // f r e qu en cy
9 f = 1000 // i n Hz
10 // p r e s s u r e ampl i tude
11 delta_p1 = 2.8e-5 // i n Pa
12 // bulk modulus o f a i r
13 B = 1.4e5 // i n Pa
14 // speed o f sound in a i r
15 v = 343 // i n m/ s
16 // d e n s i t y o f a i r
17 rho_0 = 1.21 // i n Kg/mˆ3
18

19 // SOLUTION
20 // u s i n g equa t i on o f sound wave
21 //wave number
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22 k = (2*%pi*f)/v// i n rad /m
23 // d e n s i t y ampl i tude
24 delta_rho_m = delta_pm *(rho_0/B)// i n Kg/mˆ3
25 // d i s p l a c emen t ampl i tude
26 s_m = delta_pm /(k*B)// i n meter s
27 // f o r f a i n t e s t sounds
28 // d e n s i t y ampl i tude
29 delta_rhom = delta_p1 *(rho_0/B)// i n Kg/mˆ3
30 // d i s p l a c emen t ampl i tude
31 sm = delta_p1 /(k*B)// i n meter s
32

33 printf (”\n\n Wave number k = \n\n %. 1 f rad /m ”,k)
34 printf (”\n\n Dens i ty ampl i tude d e l t a r ho m = \n\n %

. 1 e Kg/mˆ3 ”,delta_rho_m)
35 printf (”\n\n Di sp lacement ampl i tude s m = \n\n %. 1 e

m ”,s_m)
36 printf (”\n\n Dens i ty ampl i tude f o r f a i n t e s t sounds

de l t a rhom = \n\n %. 1 e Kg/mˆ3 ”,delta_rhom)
37 printf (”\n\n Di sp lacement ampl i tude f o r f a i n t e s t

sounds sm = \n\n %. 1 e m ”,sm)

Scilab code Exa 19.2 C19P2

1 clear

2 clc

3 // to f i n d i n t e n s i t y and sound l e v e l o f sound wave
4

5 // GIVEN :
6 // r a d i a t e d power
7 p = 25 // i n W
8 // d i s t a n c e from sou r c e
9 r = 2.5 // i n meter s

10 // i n t e n s i t y o f sound hav ing sound l e v e l 0 dB
11 I0 = 1*10^ -12 // i n W/mˆ2
12
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13 // SOLUTION
14 // u s i n g equa t i on o f sound wave
15 // i n t e n s i t y o f sound wave
16 I = p/(4* %pi*r^2) // i n W/mˆ2
17 // sound l e v e l o f sound wave
18 SL = 10*( log10(I/I0))// i n dB
19

20 printf (”\n\n I n t e n s i t y o f sound wave I = \n\n %. 2 f
W/mˆ2 ”,I)

21 printf (”\n\n Sound l e v e l o f sound wave SL = \n\n
%3i dB ”,SL)

Scilab code Exa 19.3 C19P3

1 clear

2 clc

3 // to f i n d wave l ength f o r minimum sound i n t e n s i t y
4

5 // GIVEN :
6 // r e f e r f i g u r e 19−6 from page no . 433
7 // d i s t a n c e o f l i s t e n e r
8 r2 = 1.2 // i n meter
9 // d i s t a n c e between two sp eak e r
10 D = 2.3 // i n meter s
11

12 // SOLUTION
13 // u s i n g equa t i on o f i n t e r f e r e n c e o f sound wave
14 // u s i n g pythagorean fo rmu la
15 // d i s t a n c e from speak e r 1
16 r1 = sqrt((r2^2)+(D^2))// i n meter s
17 // d i f f e r e n c e between d i s t a n c e from two s o u r c e s
18 r1_minus_r2 = r1 -r2 // i n meter s
19 // wave l eng th s f o r minimum sound i n t e n s i t y
20 lambda1 = r1_minus_r2 *2 // i n meter s
21 lambda2 = (r1_minus_r2 *2)/3 // i n meter s
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22 lambda3 = (r1_minus_r2 *2)/5 // i n meter s
23

24 printf (”\n\n D i s t anc e from speak e r 1 r1 = \n\n %. 1 f
m ”,r1)

25 printf (”\n\n D i f f e r e n c e between d i s t a n c e from two
s o u r c e s r 1 m inu s r 2 = \n\n %. 1 f m ”,r1_minus_r2)

26 printf (”\n\n Wavelengths f o r minimum sound
i n t e n s i t y \n\n lambda = %. 1 f m,%. 2 f m,%. 2 f m ”,
lambda1 ,lambda2 ,lambda3)

Scilab code Exa 19.4 C19P4

1 clear

2 clc

3 // to f i n d speed o f sound
4

5 // GIVEN :
6 // r e f e r f i g u r e 19−8 from page no . 436
7 // f r e qu eny
8 f = 1080 // i n Hz
9 // d i s t a n c e s o f water l e v e l a t r e s onanc e

10 x1 = 6.5 // i n cm
11 x2 = 22.2 // i n cm
12 x3 = 37.7 // i n cm
13

14 // SOLUTION
15 // u s i n g equa t i on o f sound wave f o r r e s onanc e
16 // from f i r s t two r e s on an c e s
17 half_lambda = x2 -x1 // i n cm
18 // from second and t h i r d r e s onanc e
19 halflambda = x3 -x2 // i n cm
20 // ave rage o f both lambda va l u e s
21 half_lambda1 = (half_lambda+halflambda)/2 // i n cm
22 // wave l ength o f sound wave
23 lambda = 2*( half_lambda1)// i n cm
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24 // speed o f sound
25 v = (lambda *10^ -2)*f// i n m/ s // t ak i n g lambda in

mete r s
26 v = round(v)

27

28 printf (”\n\n From f i r s t two r e s on an c e s ha l f l ambda
= \n\n %. 1 f cm ”,half_lambda)

29 printf (”\n\n From second and t h i r d r e s onanc e
ha l f l ambda = \n\n %. 1 f cm ”,halflambda)

30 printf (”\n\n Wavelength o f sound wave lambda = \n\n
%. 1 f cm ”,lambda)

31 printf (”\n\n Speed o f sound v = \n\n %3i m/ s ”,v)

Scilab code Exa 19.5 C19P5

1 clear

2 clc

3 // to f i n d fundamenta l f r e quncy o f s t r i n g
4 // to f i n d fundamenta l f r e quncy o f s t r i n g f o r f i r s t

ov e r t on e
5 // to f i n d o r i g i n a l f r e qu en cy
6

7 // GIVEN :
8 // r e f e r f i g u r e 19−8 from page no . 436
9 // f r e qu eny
10 f = 440 // i n Hz
11 // f r e qu en cy o f tun ing f o r k
12 f2 = 3// i n Hz
13 // f r e qu en cy o f tun ing f o r k f o r f i r s t ov e r t on e
14 f3 = 880 // i n Hz
15

16 // SOLUTION
17 // u s i n g equa t i on o f sound wave
18 // fundamenta l f r e quncy o f s t r i n g
19 f1 = f+f2 // i n Hz
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20 f_1 = f-f2 // i n Hz
21 // f r e quncy o f s t r i n g f o r f i r s t ov e r t on e f r e qu en cy
22 f4 = f3+(2*f2)// i n Hz
23 f_4 = f3 -(2*f2)// i n Hz
24 // o r i g i n a l f r e qu en cy
25 f5 = f1 // i n Hz
26

27 printf (”\n\n Fundamental f r e quncy o f s t r i n g \n\n f 1
= %3i Hz or %3i Hz ”,f1 ,f_1)

28 printf (”\n\n Frequncy o f s t r i n g f o r f i r s t ov e r t on e
f r e qu en cy \n\n %3i Hz or %3i Hz ”,f4 ,f_4)

29 printf (”\n\n O r i g i n a l f r e qu en cy = \n\n %3i Hz”,f5)

Scilab code Exa 19.6 C19P6

1 clear

2 clc

3 // to f i n d f r e qu en cy we would p e r c e i v e
4

5 // GIVEN :
6 // f r e qu en cy o f s i r e n
7 f = 1125 // i n Hz
8 // speed o f c a r
9 vs = 29 // i n m/ s
10 // speed o f c a r and your speed
11 v_0 = 14.5 // i n m/ s
12 // speed o f sound
13 v = 343 // i n m/ s
14

15

16 // SOLUTION
17 // u s i n g equa t i on o f sound wave
18 // f r e qu en cy we would p e r c e i v when p o l i c e c a r i s

moving
19 f_dash = f*(v/(v-vs))// i n Hz
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20 f_dash = round(f_dash)

21 // f r e qu en cy we would p e r c e i v when your ca r i s moving
22 v0 = vs // i n m/ s
23 fdash = f*((v+v0)/v)// i n Hz
24 // f r e qu en cy we would p e r c e i v when both p o l i c e c a r

and your ca r i s moving
25 v0 = v_0

26 F_dash = f*((v+v0)/(v-v0))// i n Hz
27 // f r e qu en cy we would p e r c e i v when your ca r moving at

9m/ s and p o l i c e c a r i s beh ind you with 38m/ s
28 v0 = 9// i n m/ s
29 vs = 38 // i n m/ s
30 Fdash = f*((v-v0)/(v-vs))// i n Hz
31 Fdash = round(Fdash)

32 printf (”\n\n Frequency we would p e r c e i v when p o l i c e
c a r i s moving f d a s h = \n\n %4i Hz”,f_dash)

33 printf (”\n\n Frequency we would p e r c e i v when your
ca r i s moving fda sh = \n\n %4i Hz”,fdash)

34 printf (”\n\n Frequency we would p e r c e i v when both
p o l i c e ca r and your ca r i s moving F dash = \n\n
%4i Hz”,F_dash)

35 printf (”\n\n Frequency we would p e r c e i v when your
ca r moving at 9m/ s and p o l i c e c a r i s beh ind you
with 38m/ s Fdash = \n\n %4i Hz”,Fdash)
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Chapter 20

THE SPECIAL THEORY OF
RELATIVITY

Scilab code Exa 20.1 C20P1

1 clear

2 clc

3 // to f i n d minimum speed o f muon in the Earth ’ s fram
o f r e f e r e n c e

4 // to f i n d minimum speed o f muon in the muon ’ s fram
o f r e f e r e n c e

5

6 //Given :
7 // r e f e r to f i g u r e 20−8(a ) and ( b ) from page no . 457
8 // l i f e t i m e o f muon
9 delta_t0 = 2.2 // i n m i c r o s e s ond s
10 // h e i g h t o f atmosphere
11 L0 = 100 // i n Km
12 // speed o f l i g h t
13 c = 3.00e8 // i n m/ s
14

15 // S o l u t i o n :
16 // app i y i ng E in s t e i n ’ s p o s u l a t e s
17 // i n the Earth ’ s fram o f r e f e r e n c e
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18 // t ime o f t r a v e l
19 delta_t = (L0 *10^3)/c// i n m i c r o s e cond s
20 //minimum speed o f muon
21 u = sqrt ((1 -(( delta_t0 /( delta_t)*10^ -6) ^2)))// i n m/ s
22

23 // i n the muon ’ s fram o f r e f e r e n c e
24 // h e i g h t o f atmosphere
25 L = c*( delta_t0 *10^ -6) // i n meter s
26 //minimum speed o f muon
27 u1 = sqrt ((1 -(((L)/(L0 *1000))^2)))// i n m/ s
28

29 printf (”\n\n Time o f t r a v e l i n the Earth fram o f
r e f e r e n c e d e l t a t = \n\n %. 2 e s e cond s ” ,delta_t);

30 printf (”\n\n Minimum speed o f muon in the Earth
fram o f r e f e r e n c e u = \n\n %. 6 f c ” ,u);

31 printf (”\n\n Height o f atmosphere i n the muon fram
o f r e f e r e n c e L = \n\n %3i mete r s ” ,L);

32 printf (”\n\n Minimum speed o f muon in the muon fram
o f r e f e r e n c e u = \n\n %. 6 f c ” ,u1);

Scilab code Exa 20.2 C20P2

1 clear

2 clc

3 // to f i n d speed o f m i s s i l e measured by ob s e r v e r on
the Earth

4

5 //Given :
6 // r e f e r to f i g u r e 20−9 from page no . 457
7 // speed o f s p a c e s h i p
8 u = 0.80 // t imes c
9 // speed o f m i s s i l e
10 v0 = 0.60 // t imes c
11

12

185



13 // S o l u t i o n :
14 // app i y i ng f o rmu l e f o r r e l a t i v i s t i c a d d i t i o n o f

v e l o c i t i e s
15 // speed o f m i s s i l e measured by ob s e r v e r on Earth
16 v = (v0+u)/(1+(v0*u))// t imes c
17

18 printf (”\n\n Speed o f m i s s i l e measured by ob s e r v e r
on the Earth v = \n\n %. 2 f c ” ,v);

Scilab code Exa 20.3 C20P3

1 clear

2 clc

3 // to f i n d d i s t a n c e between two f l a s h e s and t ime
between two f l a s h e s

4

5 //Given :
6 // s e p e r a t e d d i s t a n c e
7 delta_x = 2.45 // i n Km
8 // t ime i n t e r v e l
9 delta_t = 5.35 // i n m i c r o s e cond s
10 // speed o f f rame S ’
11 u = 0.855 // t imes c
12 // speed o f l i g h t
13 c = 3.00e8 // i n m/ s
14

15 // S o l u t i o n :
16 // app i y i ng Lorent z t r a n s f o rma t i o n s
17 // Lorent z pa ramete r s
18 gama = 1/( sqrt(1-u^2))

19 // r e f e r to t a b l e 20−2
20 // u s i n g i n t e r v a l t r a n s f o rma t i o n s
21 // d i s t a n c e between two f l a s h e
22 delta_x_dash = gama *(( delta_x *1000) -(u*c*( delta_t

*10^ -6)))// i n meter s // t ak i n g d e l t a t i n s e c ond s
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and d e l t a x i n meter s
23 // t ime between two f l a s h e s
24 delta_t_dash = gama *(( delta_t *10^ -6) -(u*c*((( delta_x

*1000))/(c^2))))// i n s e cond s // t ak i n g d e l t a t i n
s e cond s and d e l t a x i n meter s

25 delta_t_dash = nearfloat(” succ ” ,-3.147e-6)
26

27 printf (”\n\n Lorent z pa ramete r s gama = \n\n %. 3 f ” ,

gama);

28 printf (”\n\n D i s t anc e between two f l a s h e
d e l t a x d a s h = \n\n %4i mete r s ” ,delta_x_dash);

29 printf (”\n\n Time between two f l a s h e s d e l t a t d a s h
= \n\n %. 3 e s e cond s ” ,delta_t_dash);

Scilab code Exa 20.4 C20P4

1 clear

2 clc

3 // to f i n d f i n a l v e l o c i t y o f p a r t i c a l a s measured i n
the l a b o r a t o r y frame

4

5 //Given :
6 // r e f e r to f i g u r e 20−14 from page no . 461
7 // v e l o c i t y o f p a r t i c a l
8 vx_dash = 0.60 // t imes c
9 // // v e l o c i t y o f p a r t i c a l w . r . t . f rame moving with i t
10 u = 0.60 // t imes c
11 // speed o f l i g h t
12 c = 3.00e8 // i n m/ s
13

14 // S o l u t i o n :
15 // app i y i ng t r a n s f o rma t i o n s o f v e l o c i t i e s
16 // f i n a l v e l o c i t y o f p a r t i c a l a s measured i n the

l a b o r a t o r y frame
17 vx = (vx_dash+u)/(1+(u*vx_dash))// t imes c

187



18

19 printf (”\n\n F ina l v e l o c i t y o f p a r t i c a l a s measured
i n the l a b o r a t o r y frame vx = \n\n %. 2 f c ” ,vx);

Scilab code Exa 20.5 C20P5

1 clear

2 clc

3 // to f i n d t ime n e c e s s a r y f o r the r o c k e t to pa s s
p a r t i c u l a r po i n t

4 // to f i n d r e s t l e n g t h f o r the r o c k e t
5 // to f i n d l e n g t h o f D o f p l a t f o rm a c c o r d i n g to

ob s e r v e r S ’
6 // to f i n d t ime r e q u i r e d f o r S to pa s s e n t i r e l e n g t h

a c c o r d i n g to ob s e r v e r S ’
7 // to f i n d // t ime i n t e r v a l between two ev en t s
8 //Given :
9 // r e f e r to f i g u r e 20−19(a ) , ( b ) , ( c ) from page no . 465
10 // l l e n g t h o f p l a t f o rm
11 L = 65 // i n meter s
12 // r e l a t i v e speed o f r o c k e t
13 u = 0.80 // t imes c
14 // speed o f l i g h t
15 c = 3.00e8 // i n m/ s
16

17 // S o l u t i o n :
18 // app i y i ng f o rmu l e f o r r e l a t i v i t y o f l e n g t h
19 // t ime n e c e s s a r y f o r the r o c k e t to pa s s p a r t i c u l a r

po i n t
20 delta_t0 = L*10^6/(u*c)// i n m i c r o s e cond s
21 // r e s t l e n g t h f o r the r o c k e t
22 L0 = L/(sqrt(1-(u^2)))// i n meter s
23 // l e n g t h o f D o f p l a t f o rm a c c o r d i n g to o b s e r v e r S ’
24 D0 = L

25 D = D0*(sqrt(1-(u^2)))// i n meter s
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26 D = round(D)

27 // t ime r e q u i r e d f o r S to pa s s e n t i r e l e n g t h
a c c o r d i n g to ob s e r v e r S ’

28 delta_t_dash = L0 *10^6/(u*c)// i n m i c r o s e cond s
29 // t ime measured by S and S ’ u s ind t ime d i l a t i o n

fo rmu la
30 delta_tdash = delta_t0 /(sqrt(1-(u^2)))// i n

m i c r o s e cond s
31 // r e f e r to t a b l e 20−2
32 // t ime i n t e r v a l between two ev en t s
33 deltat_dash = -(u*c*(-L))*10^6/((c^2)*(sqrt(1-(u^2))

))// i n m i c r o s e cond s
34 // t ime i n t e r v a l between two ev en t s a c c o r d i n g to S ’
35 deltatdash = (L0 -D)*10^6/(u*c)// i n m i c r o s e cond s
36

37 printf (”\n\n Time n e c e s s a r y f o r the r o c k e t to pa s s
p a r t i c u l a r po i n t d e l t a t 0 = \n\n %. 2 f
m i c r o s e cond s ” ,delta_t0);

38 printf (”\n\n Rest l e n g t h f o r the r o c k e t L0 = \n\n
%3i mete r s ” ,L0);

39 printf (”\n\n Length o f D o f p l a t f o rm a c c o r d i n g to
ob s e r v e r S−dash D = \n\n %2i mete r s ” ,D);

40 printf (”\n\n Time r e q u i r e d f o r S to pa s s e n t i r e
l e n g t h a c c o r d i n g to ob s e r v e r S−dash d e l t a t d a s h
= \n\n %. 2 f m i c r o s e cond s ” ,delta_t_dash);

41 printf (”\n\n Time measured by S and S−dash us ind
t ime d i l a t i o n fo rmu la d e l t a t d a s h = \n\n %. 2 f
m i c r o s e cond s ” ,delta_tdash);

42 printf (”\n\n Time i n t e r v a l between two ev en t s
d e l t a t d a s h = \n\n %. 2 f m i c r o s e cond s ” ,

deltat_dash);

43 printf (”\n\n Time i n t e r v a l between two ev en t s
a c c o r d i n g to S−dash d e l t a t d a s h = \n\n %. 2 f
m i c r o s e cond s ” ,deltatdash);
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Scilab code Exa 20.6 C20P6

1 clear

2 clc

3 // to f i n d momentum o f proton
4

5 //Given :
6 // speed o f proton
7 v = 0.86 // t imes c
8 // speed o f l i g h t
9 c = 3.00e8 // i n m/ s

10 //mass o f proton
11 m = 1.67e-27 // i n Kg
12

13 // S o l u t i o n :
14 // app i y i ng fomule f o r r e l a t i v i s t i c momentum
15 //momentum o f proton
16 P = (m*v*c)/(sqrt(1-(v^2)))// i n Kg .m/ s
17 // va lu e o f pc
18 Pc = P*c*(6.24 e12)// i n MeV // ( 6 . 2 4 e12 ) i s c o n v e r s i o n

f a c t o r between J and MeV
19

20 printf (”\n\n Momentum o f proton P = \n\n %. 2 e Kg .m/
s ” ,P);

21 printf (”\n\n Value o f pc = \n\n %4i MeV” ,Pc);

22 printf (”\n\n Momentum o f proton p = \n\n %4i MeV/ c ”
,Pc);

Scilab code Exa 20.7 C20P7

1 clear

2 clc

3 // to f i n d speed o f e l e c t r o n as f r a c t i o n o f c and as
d i f f e r e n c e from c

4
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5

6 //Given :
7 // k i n e t i c ene rgy o f e l e c t r o n
8 K = 50 // i n GeV
9 // va lu e o f mc square
10 mc_square = 0.511e-3 // i n GeV
11 // speed o f l i g h t
12 c = 3.00e8 // i n m/ s
13

14 // S o l u t i o n :
15 // app i y i ng fomule f o r r e l a t i v i s t i c ene rgy
16 // speed o f e l e c t r o n as f r a c t i o n o f c
17 v = sqrt (1 -(1/(1+(K/mc_square)^2)))// t imes c
18 // speed o f e l e c t r o n as d i f f e r e n c e from c
19 c_minus_v = (5.2e-11)*c// i n m/ s
20

21 printf (”\n\n Speed o f e l e c t r o n as f r a c t i o n o f c v =
\n\n %. 1 2 f c ” ,v);

22 printf (”\n\n Speed o f e l e c t r o n as d i f f e r e n c e from c
c minus v = \n\n %. 3 f m/ s ” ,c_minus_v);

Scilab code Exa 20.8 C20P8

1 clear

2 clc

3 // to f i n d d i f f e r e n c e between masses o f combined b a l l
from sum o f masses o f o r i g i n a l b a l l s

4

5 //Given :
6 //mass o f b a l l
7 m = 35 // i n gram
8 // speed o f b a l l
9 v = 1.7 // i n m/ s

10 // speed o f l i g h t
11 c = 3.00e8 // i n m/ s
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12

13 // S o l u t i o n :
14 // app i y i ng fomule f o r ene rgy and mass i n s p e c i a l

r e l a t i v i t y
15 // app l y i ng c o n s e r v a t i o n o f ene rgy
16 // i n c r e a s e i n r e s t ene rgy
17 delta_E0 = 2*((1/2) *(m*10^ -3)*(v^2))// i n J // t ak i n g

mass i n Kg
18 // i n c r e a s e i n mass
19 delta_m = delta_E0 /(c^2) // i n Kg
20

21 printf (”\n\n I n c r e a s e i n r e s t ene rgy d e l t a E0 = \n\
n %. 3 f J” ,delta_E0);

22 printf (”\n\n D i f f e r e n c e between masses o f combined
b a l l from sum o f masses o f o r i g i n a l b a l l s de l t a m
= \n\n %. 1 e Kg” ,delta_m);

Scilab code Exa 20.9 C20P9

1 clear

2 clc

3 // to f i n d k i n e t i c ene rgy needed to produce Z0
4

5 //Given :
6 // r e f e r to sample problem 20−8
7 // r e s t ene rgy
8 E0 = 91.2 // i n GeV
9 // r e s t ene rgy o f e l e c t r o n and p o s i t r o n
10 E = 0.511 // i n MeV
11 // speed o f l i g h t
12 c = 3.00e8 // i n m/ s
13

14 // S o l u t i o n :
15 // app i y i ng fomule f o r ene rgy and mass i n s p e c i a l

r e l a t i v i t y
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16 // change i n r e s t ene rgy
17 delta_E0 = E0 -(2*(E*10^ -3))// i n GeV // c o v e t i n g E

i n t o GeV
18 // app l y i ng c o n s e r v a t i o n o f ene rgy
19 // k i n e t i c ene rgy needed to produce Z0
20 delta_K = -(delta_E0)// i n GeV
21

22 printf (”\n\n Change i n r e s t ene rgy d e l t a E0 = \n\n
%. 1 f GeV” ,delta_E0);

23 printf (”\n\n K i n e t i c ene rgy needed to produce Z0
de l t a K = \n\n %. 1 f GeV” ,delta_K);

Scilab code Exa 20.10 C20P10

1 clear

2 clc

3 // to f i n d k i n e t i c ene rgy o f each p ion
4

5 //Given :
6 // va lu e o f mcˆ2 f o r Kaon
7 mk_c_square = 498 // i n MeV
8 // k i n e t i c ene rgy o f Kaon
9 K = 325 // i n MeV

10 // // va lu e o f mcˆ2 f o r p ion
11 mpi_c_square = 140 // i n MeV
12 // speed o f l i g h t
13 c = 3.00e8 // i n m/ s
14

15 // S o l u t i o n :
16 // app i y i ng fomule f o r c o s e r v a t i o n o f t o t a l

r e l a t i v i s t i c ene rgy
17 // app l y i ng c o n s e r v a t i o n o f ene rgy
18 // i n i t i a l t o t a l r e l a t i v i s t i c ene rgy
19 Ek = K+mk_c_square // i n MeV
20 // t o t a l i n i t i a l momentum

193



21 pk_c = sqrt((Ek^2) -(mk_c_square)^2) // i n MeV
22 // t o t a l ene rgy o f f i n a l system
23 E = Ek // i n MeV
24 // app l y i ng c o n s e r v a t i o n o f momentum
25 // va lu e o f p1c
26 p1c = 668 // i n MeV
27 p_1c = -13 // i n MeV
28 // k i n e t i c ene rgy o f each p ion
29 // k i n e t i c ene rgy o f f i r s t p ion
30 K1 = (sqrt((p1c^2)+( mpi_c_square ^2)))-mpi_c_square //

i n MeV
31 // k i n e t i c ene rgy o f s econd p ion
32 K2 = (sqrt((p_1c ^2)+( mpi_c_square ^2)))-mpi_c_square

// i n MeV
33 K1 = round(K1)

34

35 printf (”\n\n I n i t i a l t o t a l r e l a t i v i s t i c ene rgy Ek =
\n\n %3i MeV” ,Ek);

36 printf (”\n\n Tota l i n i t i a l momentum pk c = \n\n %3i
MeV” ,pk_c);

37 printf (”\n\n Tota l ene rgy o f f i n a l system E = \n\n
%3i MeV” ,E);

38 printf (”\n\n Value o f p1c = \n\n %3i MeV or %3i MeV
” ,p1c ,p_1c);

39 printf (”\n\n K i n e t i c ene rgy o f f i r s t p ion K1 = \n\n
%3i MeV” ,K1);

40 printf (”\n\n K i n e t i c ene rgy o f s econd p ion K2 = \n\
n %. 1 f MeV” ,K2);

Scilab code Exa 20.11 C20P11

1 clear

2 clc

3 // to f i n d t h r e s h o l d k i n e t i c ene rgy to produce
an t i p r o t o n
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4

5 //Given :
6 // r e f e r to f i g u r e 20−23 from page no . 470
7 // r e s t ene rgy o f proton
8 mp_c_square = 938 // i n MeV
9 // speed o f l i g h t
10 c = 3.00e8 // i n m/ s
11

12 // S o l u t i o n :
13 // app i y i ng fomule f o r r e l a t i v i s t i c momentum
14 // app l y i ng c o n s e r v a t i o n o f ene rgy
15 // va lu e o f mpcˆ2/E1 ’
16 mpc_square_by_E1dash = 1/2

17 // va lu e o f v1 ’ / c
18 v1_dash_by_c = sqrt(1-( mpc_square_by_E1dash)^2)

19 // r e f e r to t a b l e 20−3
20 // speed o f i n c i d e n t proton
21 v_dash = v1_dash_by_c // t imes c
22 u = v1_dash_by_c // t imes c
23 v = (v_dash+u)/(1+( v1_dash_by_c)^2) // t imes c
24 // t o t a l ene rgy o f i n c i d e n t proton
25 E = 1/( sqrt(1-(v^2)))// t imes mp c square
26 E = round(E)

27 // t h r e s h o l d k i n e t i c ene rgy to produce an t i p r o t o n
28 K = (E*mp_c_square)-mp_c_square // i n MeV
29

30 printf (”\n\n Value o f v1 dash / c = \n\n %. 3 f ” ,

v1_dash_by_c);

31 printf (”\n\n Speed o f i n c i d e n t proton v = \n\n %. 3
f c ” ,v);

32 printf (”\n\n Tota l ene rgy o f i n c i d e n t proton E = \n
\n %1imp c square ”,E);

33 printf (”\n\n Thresho ld k i n e t i c ene rgy to produce
an t i p r o t o n K = \n\n %4i MeV”,K);
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Chapter 21

TEMPERATURE

Scilab code Exa 21.1 C21P1

1 clear

2 clc

3 // to f i n d t empera tu r e measured by thermometer
4

5 //Given :
6 // f a c t o r by which r e s i s t a n c e i s i n c r e a s e d
7 R_by_Rtr = 1.392

8 // t empera tu r e o f t r i p l e po i n t o f water
9 Ttr = 273.16 // i n K

10

11 // S o l u t i o n :
12 // u s i n g fo rmu la f o r measur ing t empe ra tu r e s
13 // t empera tu r e measured by thermometer
14 T_R = Ttr*R_by_Rtr // i n K
15

16 printf (”\n\n Temperature measured by thermometer
T R = \n\n %. 1 f K” ,T_R);

Scilab code Exa 21.2 C21P2
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1 clear

2 clc

3 // to f i n d maximum tempera tu r e v a r i a t i o n a l l ow ab l e
dur ing r u l i n g

4

5 //Given :
6 // r e f e r to t a b l e 21−3
7 // ac cu racy f o r m i l ime t e r i n t e r v a l
8 delta_L = 5e-5 // i n mm
9 // c o e f f i c i e n t o f l i n e a r expans i on
10 alpha = 11e-6 // i n per d eg r e e c e l s i u s
11 // c o n s i d e r l e n g t h o f s t e e l
12 L = 1// i n mm
13

14 // S o l u t i o n :
15 // u s i n g fo rmu la f o r t empera tu r e expans i on
16 //maximum tempera tu re v a r i a t i o n a l l ow ab l e dur ing

r u l i n g
17 delta_T = delta_L /(alpha*L)// i n d eg r e e c e l s i u s
18

19 printf (”\n\n Maximum tempera tu r e v a r i a t i o n
a l l ow ab l e dur ing r u l i n g d e l t a T = \n\n %. 1 f
d eg r e e c e l s i u s ” ,delta_T);

Scilab code Exa 21.3 C21P3

1 clear

2 clc

3 // to f i n d f i n a l p r e s s u r e o f gas
4

5 //Given :
6 // r e f e r to f i g u r e 21−13 from page 488
7 // i n i t i a l t empera tu re o f oxygen
8 Ti = 20 // i n deg r e e c e l s i u s
9 // i n i t i a l p r e s s u r e o f oxygen
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10 pi = 15 // i n atm
11 // i n i t i a l volume o f oxygen
12 vi = 22 // i n l i t e r s
13 // f i n a l t empera tu r e o f oxygen
14 Tf = 25 // i n deg r e e c e l s i u s
15 // f i n a l volume o f oxygen
16 vf = 16 // i n l i t e r s
17

18 // S o l u t i o n :
19 // c o n s i d e r oxygen as i d e a l gas and app l y i ng

e qua t i o n s o f i d e a l gas
20 // f i n a l p r e s s u r e o f gas
21 pf = pi*((Tf+273) /(Ti+273))*(vi/vf)// i n atm // t ak i n g

temp . i n k e l v i n
22 pf = round(pf)

23

24 printf (”\n\n F ina l p r e s s u r e o f gas p f = \n\n %2i
atm” ,pf);

198



Chapter 22

MOLECULAR PROPERTIES
OF GASES

Scilab code Exa 22.1 C22P1

1 clear

2 clc

3 // to f i n d r o o t mean squa r e speed o f hydrogen
mo l e cu l e

4

5 //Given :
6 // p r e s s u r e
7 p = 1// i n atm
8 // d e n s i t y o f hydrogen
9 rho = 8.99e-2 // i n Kg/mˆ3
10

11 // S o l u t i o n :
12 // assume hydron as i d e a l gas
13 // app l y i ng fo rmu la o f r o o t mean squa r e speed f o r

i d e a l gas
14 // r o o t mean squa r e speed o f hydrogen mo l e cu l e
15 vrms = sqrt ((3*p*1.01e5)/(rho))// i n m/ s // t ak i n g

p r e s s u r e i n Pa
16
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17 // answer o f vrms i s s l i g h t l y d i f f e r e n t than book
answer . But ans . by s c i l a b program i s same as tha t
o f c a l c u l a t o r

18 printf (”\n\n Root mean squa r e speed o f hydrogen
mo l e cu l e vrms = \n\n %4i m/ s ” ,vrms);

Scilab code Exa 22.2 C22P2

1 clear

2 clc

3 // to f i n d number o f moles o f oxygen
4 // to f i n d number o f mo l e c u l e s o f oxygen
5 // to f i n d approx imate r a t e at which oxygen mo l e cu l e

s t r i k e one f a c e o f the box
6

7 //Given :
8 // r e f e r to f i g u r e 22−2 from page no . 499
9 // l e n g t h o f edge o f c u b i c a l box
10 L = 10 // i n cm
11 // p r e s s u r e o f oxygen
12 p = 1.0 // i n atm
13 // t empera tu r e o f oxygen
14 T = 300 // i n K
15 //molar gas c on s t an t
16 R = 8.31 // i n J/mol .K
17 //Avogadro c on s t an t
18 NA = 6.02 e23 // i n mo l e c u l e s /mol
19

20 // S o l u t i o n :
21 // // assumong oxygen as i d e a l gas
22 // app l y i ng i d e a l gas e qu a t i o n s
23 // volume o f box
24 V = ((L*10^ -2) ^3) // i n mˆ3
25 //number o f moles o f oxygen
26 n = ((p*1.01*10^5)*V)/(R*T)// t ak i n g p i n t o Pa
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27 //number o f mo l e c u l e s o f oxygen
28 N = n*NA

29 N = nearfloat(” succ ” ,2.5e22)
30 // r e f e r to t a b l e 22−1
31 // r o o t mean squa r e speed o f oxygen
32 vrms = 483 // i n m/ s
33 // approx imate r a t e at which oxygen mo l e cu l e s t r i k e

one f a c e o f the box
34 Rate = (N*vrms)/(6*(L*10^ -2))// i n c o l l i s i o n s / s
35

36 printf (”\n\n Number o f moles o f oxygen n = \n\n %
. 3 f mol” ,n);

37 printf (”\n\n Number o f mo l e c u l e s o f oxygen N = \n\
n %. 1 e mo l e c u l e s ” ,N);

38 printf (”\n\n Root mean squa r e speed o f oxygen vrms
= \n\n %3i m/ s ” ,vrms);

39 printf (”\n\n Approximate r a t e at which oxygen
mo l e cu l e s t r i k e one f a c e o f the box Rate = \n\n %
. 1 e c o l l i s i o n s / s ” ,Rate);

Scilab code Exa 22.3 C22P3

1 clear

2 clc

3 // to f i n d r a t i o o f rms speed o f gas mo l e c u l e s
c o n t a i n i n g 235−U and gas mo l e c u l e s c o n t a i n i n g
238−U

4 // to f i n d r e l a t i v e abundance o f gas mo l e c u l e s
c o n t a i n i n g 235−U

5 // to f i n d number o f t imes gas mo l e cu l e shou ld be
pas s ed through b a r r i e r

6

7 //Given :
8 // abundance o f 235−U
9 a1 = 0.7 // i n p e r c en t a g e
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10 // abundance o f 238−U
11 a2 = 99.3 // i n p e r c en t a g e
12 // f i n a l abundance o f 235−U
13 a3 = 3// i n p e r c en t a g e
14

15 // S o l u t i o n :
16 // app l y i ng e qua t i o n s f o r r o o t mean squa r e speed
17 // mo l e cu l a r mass o f 235−U
18 m_235 = 235+6*(19) // i n u
19 // mo l e cu l a r mass o f 238−U
20 m_238 = 238+6*(19) // i n u
21 // r a t i o o f rms speed o f gas mo l e c u l e s c o n t a i n i n g

235−U and gas mo l e c u l e s c o n t a i n i n g 238−U
22 vrms_235_by_vrms_238 = sqrt(m_238/m_235)

23 // r a t i o o f abundances
24 r = a1/a2

25 // r e l a t i v e abundance o f gas mo l e c u l e s c o n t a i n i n g
235−U

26 ratio_1_pass = r*vrms_235_by_vrms_238

27 // i s o t o p e r a t i o
28 i = (a3)/(100 -(a3))

29 //number o f t imes gas mo l e cu l e shou ld be pas s ed
through b a r r i e r

30 n = (log(i/r))/(log(vrms_235_by_vrms_238))

31

32 printf (”\n\n Mo l e cu l a r mass o f 235−U m 235 = \n\n
%3i u” ,m_235);

33 printf (”\n\n Mo l e cu l a r mass o f 238−U m 238 = \n\n
%3i u” ,m_238);

34 printf (”\n\n Rat io o f rms speed o f gas mo l e c u l e s
c o n t a i n i n g 235−U and gas mo l e c u l e s c o n t a i n i n g
238−U vrms 235 by vrms 238 = \n\n %. 4 f ” ,

vrms_235_by_vrms_238);

35 printf (”\n\n Rat io o f abundances = \n\n %. 5 f ” ,r);

36 printf (”\n\n Re l a t i v e abundance o f gas mo l e c u l e s
c o n t a i n i n g 235−U r a t i o 1 p a s s = \n\n %. 5 f ” ,

ratio_1_pass);

37 printf (”\n\n I s o t o p e r a t i o = \n\n %. 5 f ” ,i);
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38 // answer o f n s l i g h t l y changes than book . But answer
by s c i l a b answer i s same as tha t o f answer by
c a l c u l a t o r

39 printf (”\n\n Number o f t imes gas mo l e cu l e shou ld be
pas s ed through b a r r i e r = \n\n %3i” ,n);

Scilab code Exa 22.4 C22P4

1 clear

2 clc

3 // to f i n d mean f r e e path and ave rage c o l l i s i o n r a t e
o f nyt rogen at room tempera tu r e

4

5 //Given :
6 // room tempera tu r e
7 T = 300 // i n K
8 // a tmosphe r i c p r e s s u r e
9 p = 1.01e5 // i n Pa
10 // e f f e c t i v e d i amete r o f nyt rogen
11 d = 3.15e-10 // i n meter s
12 // ave rage speed
13 vav = 478 // i n m/ s
14 //Boltzmann con s t an t
15 k = 1.38e-23 // i n J/K
16

17 // S o l u t i o n :
18 // app l y i ng fo rmu la o f mean path
19 //mean f r e e path o f nyt rogen at room tempera tu r e
20 lambda = (k*T)/(sqrt (2)*%pi*(d^2)*p)// i n meter s
21 // ave rage c o l l i s i o n r a t e o f nyt rogen at room

tempera tu re
22 rate = vav/lambda // i n c o l l i s i o n s / second
23

24 printf (”\n\n Mean f r e e path o f nyt rogen at room
tempera tu re lambda = \n\n %. 1 e meter s ” ,lambda);
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25 printf (”\n\n Average c o l l i s i o n r a t e o f nyt rogen at
room tempera tu r e r a t e = \n\n %. 1 e c o l l i s i o n s /
second ” ,rate);

Scilab code Exa 22.5 C22P5

1 clear

2 clc

3 // to f i n d ave rage speed , root−mean speed , root−mean
squa r e speed and most p robab l e speed o f p a r t i c a l s

4

5 //Given :
6 //number o f p a r t i c a l s
7 N = 10

8 // speed o f p a r t i c a l s
9 v1 = 0.0 // i n m/ s
10 v2 = 1.0 // i n m/ s
11 v3 = 2.0 // i n m/ s
12 v4 = 3.0 // i n m/ s
13 v5 = 3.0 // i n m/ s
14 v6 = 3.0 // i n m/ s
15 v7 = 4.0 // i n m/ s
16 v8 = 4.0 // i n m/ s
17 v9 = 5.0 // i n m/ s
18 v10 = 6.0 // i n m/ s
19

20 // S o l u t i o n :
21 // app l y i ng fo rmu la f o r ave rage speed
22 // ave rage speed o f p a r t i c a l s
23 vav = (1/N)*(v1+v2+v3+v4+v5+v6+v7+v8+v9+v10)// i n m/ s
24 // app l y i ng fo rmu la f o r root−mean speed
25 // root−mean speed o f p a r t i c a l s
26 v_square_av = (1/N)*(v1^2+v2^2+v3^2+v4^2+v5^2+v6^2+

v7^2+v8^2+v9^2+v10^2) // i n mˆ2/ s ˆ2
27 // app l y i ng fo rmu la f o r root−mean squa r e speed

204



28 // root−mean squa r e speed o f p a r t i c a l s
29 vrms = sqrt(v_square_av)// i n m/ s
30 //most p robab l e speed o f p a r t i c a l s
31 // t ak i n g i n t o c o n s i d e r a t i o n a l l s p e ed s o f p a r t i c a l s
32 vp = v4 // i n m/ s
33 printf (”\n\n Average speed o f p a r t i c a l s vav = \n\n

%. 1 f m/ s ” ,vav);

34 printf (”\n\n Root−mean speed o f p a r t i c a l s
v s qu a r e a v = \n\n %. 1 f mˆ2/ s ˆ2 ” ,v_square_av);

35 printf (”\n\n Root−mean squa r e speed o f p a r t i c a l s
vrms = \n\n %. 1 f m/ s ” ,vrms);

36 printf (”\n\n Most p robab l e speed o f p a r t i c a l s vp =
\n\n %. 1 f m/ s ” ,vp);

Scilab code Exa 22.6 C22P6

1 clear

2 clc

3 // to f i n d f r a c t i o n o f mo l e c u l e s hav ing speed i n
range 599−601m/ s

4

5 //Given :
6 // t empera tu r e
7 T = 300 // i n K
8 //molar mass o f oxygen
9 M = 0.032 // i n Kg/mol

10 //molar gas c on s t an t
11 R = 8.31 // i n J/mol .K
12 // v e l o c i t y
13 v = 600 // i n m/ s
14

15 // S o l u t i o n :
16 // f r a c t i o n o f mo l e c u l e s hav ing speed in range

599−601m/ s
17 // d i f f e r e n c e i n speed
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18 dv = 2// i n m/ s
19 f = 4*%pi*((M/(2* %pi*R*T))^(3/2))*(v^2)*%e^((-M*(v

^2) /(2*R*T)))*dv

20 f1 = f*100 // i n p e r c en t
21

22 printf (”\n\n Fra c t i o n o f mo l e c u l e s hav ing speed in
range 599−601m/ s f = \n\n %. 1 e ” ,f);

23 printf (”\n\n Per c en tage o f mo l e c u l e s hav ing speed
i n range 599−601m/ s f = \n\n %. 2 f p e r c en t ” ,f1);

Scilab code Exa 22.7 C22P7

1 clear

2 clc

3 // to f i n d most p robab l e speed , ave rage speed , root−
mean squa r e speed o f oxygen

4

5 //Given :
6 // t empera tu r e
7 T = 300 // i n K
8 //molar gas c on s t an t
9 R = 8.31 // i n J/mol .K
10 //molar mass
11 M = 0.032 // i n Kg/mol
12

13 // S o l u t i o n :
14 // app l y i ng fo rmu la f o r most p robab l e speed
15 //most p robab l e speed o f oxygen
16 vp = sqrt ((2*R*T)/(M))// i n m/ s
17 // app l y i ng fo rmu la f o r ave rage speed
18 // ave rage speed o f oxygen
19 vav = sqrt ((8*R*T)/(%pi*M))// i n m/ s
20 // app l y i ng fo rmu la f o r root−mean squa r e speed
21 // root−mean squa r e speed o f oxygen
22 vrms = sqrt ((3*R*T)/(M))// i n m/ s
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23 vp = round(vp)

24 a = vav/vp

25 a1 = vrms/vp

26 a1 = nearfloat(” succ ” ,1.225)
27

28 printf (”\n\n Most p robab l e speed o f oxygen vp = \n\
n %3i m/ s ” ,vp);

29 printf (”\n\n Average speed o f oxygen vav = \n\n %3i
m/ s ” ,vav);

30 printf (”\n\n Root−mean squa r e speed o f oxygen vrms
= \n\n %3i m/ s ” ,vrms);

31 printf (”\n\n For any gas vp : vav : vrms = 1 :%. 3 f :%. 3 f ”
,a,a1);

Scilab code Exa 22.9 C22P9

1 clear

2 clc

3 // to f i n d p r e s s u r e a c c o r d i n g to i d e a l gas law
4 // to f i n d p r e s s u r e a c c o r d i n g to van der Waals

e qu a t i o n s
5

6 //Given :
7 // f o r qxygen van der Waals c o e f f i c i e n t s
8 a = 0.138 // i n J .mˆ3/mol ˆ2
9 b = 3.18e-5 // i n mˆ3/mol

10 //number mol o f oxygen
11 n = 1// i n mol
12 // volume o f box
13 V = 0.0224 // i n mˆ3
14 //molar gas c on s t an t
15 R = 8.31 // i n J/mol .K
16 //molar mass
17 M = 0.032 // i n Kg/mol
18 // t empera tu r e
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19 T = 50 // i n K
20

21 // S o l u t i o n :
22 // app l y i ng i d e a l gas equa t i on
23 // p r e s s u r e a c c o r d i n g to i d e a l gas law
24 p = (n*R*T)/V// IN Pa
25 // app l y i ng van der Waals e qu a t i o n s
26 // p r e s s u r e a c c o r d i n g to van der Waals e qu a t i o n s
27 P = ((n*R*T)/(V-(n*b)) ) -((a*n^2)/V^2) // i n Pa
28

29 printf (”\n\n Pr e s s u r e a c c o r d i n g to i d e a l gas law p
= \n\n %. 2 e Pa” ,p);

30 printf (”\n\n Pr e s s u r e a c c o r d i n g to van der Waals
e qu a t i o n s P = \n\n %. 2 e Pa” ,P);
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Chapter 23

THE FIRST LAW OF
THERMODYNAMICS

Scilab code Exa 23.2 C23P2

1 clear

2 clc

3 // to f i n d r a t e o f heat ene rgy pas s through the
i n s u l a t i o n

4 // to f i n d a d d i t i o n a l i n s u l a t i o n r e q u i r e d to r educe
heat t r a n s f e r r a t e by h a l f

5

6 //Given :
7 // r e f e r to f i g u r e 23−6 from page no . 520
8 // // t empera tu r e o f steam
9 TS = 100 // i n deg r e e c e l s i u s
10 // d iamete r o f p ip e
11 d = 5.4 // i n cm
12 // t h i c k n e s s o f i n s u l a t i o n
13 t = 5.2 // i n cm
14 // l e n g t h o f p ip e
15 D = 6.2 // i n meter s
16 // t empera tu r e o f room
17 TR = 11 // i n deg r e e c e l s i u s
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18 // therma l c o n d u c t i v i t y
19 k = 0.048 // i n W/m.K
20

21 // S o l u t i o n :
22 // r a d i u s o f c y l i n d e r
23 r1 = d/2 // i n cm
24 // r a d i u s o f c y l i n d e r with i n s u l a t i o n
25 r2 = r1+t// i n cm
26 // app l y i ng f o u r i e r ’ s law o f heat conduc t i on
27 // r a t e o f heat ene rgy pas s through the i n s u l a t i o n
28 H = (2*%pi*k*D*(TS-TR))/(log(r2/r1))// i n W
29 // a d d i t i o n a l i n s u l a t i o n r e q u i r e d to r educe heat

t r a n s f e r r a t e by h a l f
30 r2_dash = (r2^2)/r1 // i n cm
31

32 printf (”\n\n Rate o f heat ene rgy pas s through the
i n s u l a t i o n H = \n\n %3i W” ,H);

33 printf (”\n\n Add i t i o n a l i n s u l a t i o n r e q u i r e d to
r educe heat t r a n s f e r r a t e by h a l f r 2 da sh = \n\n
%2i cm” ,r2_dash);

Scilab code Exa 23.3 C23P3

1 clear

2 clc

3 // to f i n d f i n a l e q u i l i b r i um tempera tu r e o f the
system

4

5 //Given :
6 //mass o f copper cube
7 mc = 75 // i n gram
8 // t empera tu r e o f oven
9 T0 = 312 // i n deg r e e c e l s i u s
10 //mass o f water
11 mw = 220 // i n gram
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12 // heat c a p a c i t y o f beake r
13 Cb = 190 // i n J/K
14 // i n t i a l t empera tu r e o f water and beake r
15 Ti = 12.0 // i n d eg r e e c e l s i u s
16 // heat c a p a c i t y o f water
17 Cw = 4190 // i n J/Kg .K
18 // heat c a p a c i t y o f copper cube
19 Cc = 387 // i n J/Kg .K
20

21 // S o l u t i o n :
22 // app l y i ng laws o f thermodynamics
23 // f o r e q u i l i b r i um c o nd i t i o n
24 // f i n a l e q u i l i b r i um tempera tu r e o f the system
25 Tf = (((mw*10^ -3)*Cw*Ti)+(Cb*Ti)+((mc*10^ -3)*Cc*T0))

/(((mw*10^ -3)*Cw)+(Cb)+((mc*10^ -3)*Cc))// i n
d eg r e e c e l s i u s // t ak i n g masses i n Kg

26 // heat t r a n s f e r f o r water
27 Qw = (mw*10^ -3)*Cw*(Tf-Ti)// i n J
28 // heat t r a n s f e r f o r beake r
29 Qb = Cb*(Tf-Ti)// i n J
30 // heat t r a n s f e r f o r copper
31 Qc = (mc*10^ -3)*Cc*(Tf-T0)// i n J
32 Qw = nearfloat(” pred ” ,7011)
33 Qb = nearfloat(” pred ” ,1441)
34 Qc = nearfloat(” pred ” ,-8450)
35

36 printf (”\n\n F ina l e q u i l i b r i um tempera tu r e o f the
system Tf = \n\n %. 1 f d eg r e e c e l s i u s ” ,Tf);

37 printf (”\n\n Heat t r a n s f e r f o r water Qw = \n\n %4i
J” ,Qw);

38 printf (”\n\n Heat t r a n s f e r f o r beake r Qb = \n\n %4i
J” ,Qb);

39 printf (”\n\n Heat t r a n s f e r f o r copper Qc = \n\n %4i
J” ,Qc);
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Scilab code Exa 23.4 C23P4

1 clear

2 clc

3 // to f i n d work done by t h r e e d i f f e r e n t paths
4

5 //Given :
6 // r e f e r to f i g u r e 23−17 from page no . 529
7 // f i n a l volume
8 vf = 1.0 // i n mˆ3
9 // i n i t i a l volume
10 vi = 4.0 // i n mˆ3
11 // f i n a l p r e s s u r e
12 pf = 40 // i n Pa
13 // i n i t i a l v o l um e
14 pi = 10 // i n Pa
15

16 // S o l u t i o n :
17 // app l y i ng laws o f thermodynamics
18 //work done by con s t an t p r e s s u r e i n path 1
19 W = -pi*(vf-vi)// i n J
20 //work done i n c on s t an t volume in path 1
21 w = 0// i n J
22 //work done by path 1
23 W1 = W+w// i n J
24 //work done by path 2
25 W2 = -pi*vi*(log(vf/vi))// i n J
26 //work done by path 3
27 W3 = 0-(pf*(vf -vi))// i n J
28

29 printf (”\n\n Work done by con s t an t p r e s s u r e i n path
1 W = \n\n %2i J” ,W);

30 printf (”\n\n Work done by path 1 W1 = \n\n %2i J” ,

W1);

31 printf (”\n\n Work done by path 2 W2 = \n\n %2i J” ,

W2);

32 printf (”\n\n Work done by path 3 W3 = \n\n %2i J” ,

W3);
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Scilab code Exa 23.5 C23P5

1 clear

2 clc

3 // to f i n d speed o f sound in the gas
4

5 //Given :
6 // room tempera tu r e
7 T = 20 // i n deg r e e c e l s i u s
8 // parameter gama f o r a i r
9 gama = 1.4

10 //molar gas c on s t an t
11 R = 8.31 // i n J/mol .K
12 //molar mass f o r a i r
13 M = 0.0290 // i n Kg/mol
14

15 // S o l u t i o n :
16 // app l y i ng laws o f thermodynamics
17 // speed o f sound in the gas
18 v = sqrt((gama*R*(T+273))/M)// i n m/ s
19 v = round(v)

20

21 printf (”\n\n Speed o f sound in the gas v = \n\n %3i
m/ s ” ,v);

Scilab code Exa 23.6 C23P6

1 clear

2 clc

3 // to f i n d t ime r e q u i r e d f o r room tempera tu re to be
21 deg r e e c e l s i u s
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4

5 //Given :
6 // room tempera tu r e
7 T = 0// i n deg r e e c e l s i u s
8 // l e n g t h o f room
9 l = 6// i n meter s
10 // breadth o f room
11 b = 4// i n meter s
12 // h e i g h t o f room
13 h = 3// i n meter s
14 // power o f h e a t e r
15 p = 2// i n KW
16 // f i n a l a i r t empera tu r e
17 T1 = 21 // i n deg r e e c e l s i u s
18

19 // S o l u t i o n :
20 // app l y i ng laws o f thermodynamics
21 // volume o f room
22 V = (l*b*h)*1000 // i n L
23 //number o f moles o f gas
24 n = V/22.4 // i n mol // s i n c e 1 mol o c c up i e s 2 2 . 4L o f

volume
25 // r e f e r to t a b l e 23−4
26 //molar heat c a p a c i t y
27 Cv = 20.8 // i n J/mol .K
28 // u s i n g r e l a t i o n o f heat c a p a c i t y
29 // ab s o r b t i o n o f heat take p l a c e
30 Q = n*Cv*(T1-T)// i n J
31 // t ime r e q u i r e d f o r room tempera tu r e to be 21 deg r e e

c e l s i u s
32 t = Q/(p*10^3) // i n s e cond s // t ak i n g power i n W
33 t = nearfloat(” pred ” ,701)
34

35 printf (”\n\n Volume o f room V = \n\n %5i L” ,V);

36 printf (”\n\n Number o f moles o f gas n = \n\n %. 1 e
mol” ,n);

37 printf (”\n\n Absorbt i on o f heat take p l a c e Q = \n\n
%. 1 e J” ,Q);
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38 printf (”\n\n Time r e q u i r e d f o r room tempera tu re to
be 21 deg r e e c e l s i u s t = \n\n %3i s e c ond s ” ,t);

Scilab code Exa 23.7 C23P7

1 clear

2 clc

3 // to f i n d change i n i n t e r n a l ene rgy
4

5 //Given :
6 // r e f e r to f i g u r e 23−17 from page no . 529
7 // r e f e r to problem 23−4
8 // f i n a l volume
9 vf = 1.0 // i n mˆ3
10 // i n i t i a l volume
11 vi = 4.0 // i n mˆ3
12 // i n i t i a l v o l um e
13 pi = 10 // i n Pa
14 // va lu e o f c on s t an t f o r monoatomic gas
15 gama = 1.66

16 //number o f moles o f i d e a l gas
17 n = 0.11 // i n mol
18 //molar gas c on s t an t
19 R = 8.31 // i n J/mol .K
20

21 // S o l u t i o n :
22 // app l y i ng laws o f thermodynamics
23 // app l y i ng a d i a b a t i c r e l a t i o n s h i p
24 // f i n a l p r e s s u r e o f gas
25 pf = (pi*(vi^gama))/(vf^gama)// i n Pa
26 // i n i t i a l t empera tu re o f gas
27 Ti = (pi*vi)/(n*R)// i n K
28 // f i n a l t empera tu r e o f gas
29 Tf = (pf*vf)/(n*R)// i n K
30 // app l y i ng i n t e r n a l ene rgy fo rmu la
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31 // change i n i n t e r n a l ene rgy
32 delta_Eint = (3/2) *(n*R*(Tf -Ti))// i n J
33 pf = round(pf)

34 Ti = round(Ti)

35

36 printf (”\n\n F ina l p r e s s u r e o f gas p f = \n\n %3i Pa
” ,pf);

37 printf (”\n\n I n i t i a l t empera tu r e o f gas Ti = \n\n
%2i K” ,Ti);

38 printf (”\n\n F ina l t empera tu r e o f gas Tf = \n\n %3i
K” ,Tf);

39 printf (”\n\n Change i n i n t e r n a l ene rgy d e l t a E i n t =
\n\n %2i J” ,delta_Eint);

Scilab code Exa 23.8 C23P8

1 clear

2 clc

3 // to f i n d work done on the system
4 // to f i n d heat added to the system
5 // to f i n d change i n i n t e r n a l ene rgy o f the system
6

7 //Given :
8 // r e f e r to f i g u r e 23−23 from page no . 535
9 //mass o f water
10 m = 1.00 // i n Kg
11 // i n i t i a l volume o f l i q u i d
12 vi = 1.00e-3 // i n mˆ3
13 // f i n a l volume o f steam
14 vf = 1.671 // i n mˆ3
15 // a tmosphe r i c p r e s s u r e
16 p = 1.01e5 // i n Pa
17 //molar gas c on s t an t
18 R = 8.31 // i n J/mol .K
19
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20 // S o l u t i o n :
21 // app l y i ng laws o f thermodynamics
22 // app l y i ng c on s t an t p r e s s u r e r e l a t i o n s h i p
23 //work done on the system
24 W = (-p*(vf-vi))// i n KJ
25 // l a t e n t heat o f v a p o r i z a t i o n
26 L = 2256 // i n KJ/Kg
27 // heat added to the system
28 Q = L*m// i n KJ
29 // change i n i n t e r n a l ene rgy o f the system
30 delta_Eint = Q+W// i n KJ
31

32 printf (”\n\n Work done on the system W = \n\n %. 2 e
J” ,W);

33 // answer o f Q and d e l t a E i n t s l i g h t l i changes . But
answer by s c i l a b program i s same as tha t o f
c a l c u l a t o r answer

34 printf (”\n\n Heat added to the system Q = \n\n %4i
KJ” ,Q);

35 printf (”\n\n Change i n i n t e r n a l ene rgy o f the
system d e l t a E i n t = \n\n %4i KJ” ,delta_Eint);

Scilab code Exa 23.9 C23P9

1 clear

2 clc

3 // to f i n d work done on the system
4 // to f i n d heat added to the system
5 // to f i n d change i n i n t e r n a l ene rgy o f the system
6

7 //Given :
8 // r e f e r to f i g u r e 23−21 from page no . 534
9 //number o f moles
10 n = 0.75 // i n mol
11 // p r e s s u r e s at c o r r e s p ond i n g p o i n t s
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12 PA = 3.2e3 // i n Pa
13 PB = 1.2e3 // i n Pa
14 // volume at c o r r e s p ond i n g po i n t
15 VA = 0.21 // i n mˆ3
16 //molar gas c on s t an t
17 R = 8.31 // i n J/mol .K
18 // va lu e o f c o n s t a n t s
19 Cv = 20.8 // i n J/mol .K
20 Cp = 29.1 // i n J/mol .K
21

22 // S o l u t i o n :
23 // app l y i ng laws o f thermodynamics
24 // u s i n g i d e a l gas law
25 // t empera tu r e at A
26 TA = (PA*VA)/(n*R)// i n K
27 // // t empera tu r e at B
28 TB = (PB*VA)/(n*R)// i n K // s i n c e VA=VB
29 // volume at C
30 VC = (n*R*TA)/(PB)// i n mˆ3 // s i n c e TC = TA and PC =

PB
31 // dur ing p r o c e s s A−B
32 // app l y i ng c on s t an t volume r e l a t i o n s h i p
33 // heat added to the system
34 // r e d e f i n i n g TA AND TB
35 TA = 108 // i n K
36 TB = 40 // i n K
37 Q1 = n*Cv*(TB -TA)// i n J
38 //work done on the system
39 W1 = 0// i n J
40 // change i n i n t e r n a l ene rgy o f the system
41 delta_Eint1 = Q1+W1 // i n J
42

43 // dur ing p r o c e s s B−C
44 // app l y i ng c on s t an t p r e s s u r e r e l a t i o n s h i p
45 // heat added to the system
46 Q2 = n*Cp*(TA -TB)// i n J // s i n c e TC = TA
47 //work done on the system
48 W2 = -PB*(VC-VA)// i n J // s i n c e VB = VA

218



49 // change i n i n t e r n a l ene rgy o f the system
50 delta_Eint2 = Q2+W2 // i n J
51

52 // dur ing p r o c e s s C−A
53 // app l y i ng i s o t h e rma l r e l a t i o n s h i p
54 //work done on the system
55 W3 = -n*R*TA*(log(VA/VC))// i n J
56 // change i n i n t e r n a l ene rgy o f the system
57 delta_Eint3 = 0// i n J
58 // heat added to the system
59 Q3 = delta_Eint3 -W3 // i n J
60 // d e l t a E i n t 1 = n e a r f l o a t (” suc c ” ,−1061)
61 //Q2 = n e a r f l o a t (” suc c ” , 1480 )
62 // d e l t a E i n t 2 = n e a r f l o a t (” suc c ” , 1060 )
63 //W3 = n e a r f l o a t (” suc c ” , 660 )
64 //Q3 = n e a r f l o a t (” suc c ” ,−661)
65 // t o t o l work done dur ing p r o c e s s
66 W = W1+W2+W3 // i n J
67 // t o t a l change i n i n t e r n a l ene rgy dur ing p r o c e s s
68 delta_Eint = delta_Eint1+delta_Eint2+delta_Eint3 // i n

J
69 TA = round(TA)

70 // va lu e o f Q2 , d e l t a E i n t 2 , d e l t a E s l i g h t l y v a r i e s
than book . But answer by s c i l a b i s same as tha t o f
c a l c u l a t o r answer

71

72 printf (”\n\n Temperature at A TA = \n\n %3i K” ,TA)

;

73 printf (”\n\n Temperature at B TB = \n\n %3i K” ,TB)

;

74 printf (”\n\n Volume at C VC = \n\n %. 2 f mˆ3” ,VC);

75 printf (”\n\n During p r o c e s s A−B”);
76 printf (”\n\n Heat added to the system Q1 = \n\n %4i

J” ,Q1);

77 printf (”\n\n Work done on the system W1 = \n\n %3i
J” ,W1);

78 printf (”\n\n Change i n i n t e r n a l ene rgy o f the
system d e l t a E i n t 1 = \n\n %4i J” ,delta_Eint1);
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79 printf (”\n\n During p r o c e s s B−C”);
80 printf (”\n\n Heat added to the system Q2 = \n\n %4i

J” ,Q2);

81 printf (”\n\n Work done on the system W2 = \n\n %3i
J” ,W2);

82 printf (”\n\n Change i n i n t e r n a l ene rgy o f the
system d e l t a E i n t 2 = \n\n %4i J” ,delta_Eint2);

83 printf (”\n\n During p r o c e s s C−A”);
84 printf (”\n\n Heat added to the system Q3 = \n\n %4i

J” ,Q3);

85 printf (”\n\n Work done on the system W3 = \n\n %3i
J” ,W3);

86 printf (”\n\n Change i n i n t e r n a l ene rgy o f the
system d e l t a E i n t 3 = \n\n %4i J” ,delta_Eint3);

87 printf (”\n\n Toto l work done dur ing p r o c e s s W = \n\
n %3i J” ,W);

88 printf (”\n\n Tota l change i n i n t e r n a l ene rgy dur ing
p r o c e s s d e l t a E i n t = \n\n %4i J” ,delta_Eint);
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Chapter 24

ENTROPY AND THE
SECOND LAW OF
THERMODYNAMICS

Scilab code Exa 24.1 C24P1

1 clear

2 clc

3 // to f i n d ent ropy change o f water dur ing p r o c e s s
4

5 //Given :
6 //mass o f water
7 m = 1.8 // i n Kg
8 // i n i t i a l t empera tu re o f water and hot p l a t e
9 Ti = 20 // i n deg r e e c e l s i u s
10 // f i n a l t empera tu r e o f hot p l a t e
11 Tf = 100 // i n deg r e e c e l s i u s
12 // heat c a p a c i t y o f water
13 c = 4190 // i n J/Kg .K
14

15 // S o l u t i o n :
16 // app l y i ng laws o f thermodynamics
17 // app l y i ng fo rmu la f o r ent ropy change
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18 // ent ropy change o f water dur ing p r o c e s s
19 delta_S = m*c*(log((Tf +273)/(Ti+273)))// i n J/K //

t ak i n g t empe ra tu r e s i n K
20

21 printf (”\n\n Entropy change o f water dur ing p r o c e s s
d e l t a S = \n\n %4i J/K” ,delta_S);

Scilab code Exa 24.2 C24P2

1 clear

2 clc

3 // to f i n d t empera tu r e r i s e o f system water+s t on e
4 // to f i n d ent ropy change o f system
5 // to f i n d ent ropy change o f r e v e r s e p r o c e s s
6

7 //Given :
8 // r e f e r to f i g u r e 24−1 from page no . 548
9 //mass o f s t on e
10 ms = 1.5 // i n Kg
11 //mass o f water
12 mw = 4.5 // i n Kg
13 // v e r t i c a l h e i g h t
14 h = 2.5 // i n meter s
15 // i n i t i a l t empera tu re o f water and s t on e
16 T = 300 // i n K
17 // s p e c i f i c heat c a p a c i t y o f water
18 cw = 4190 // i n J/Kg .K
19 // s p e c i f i c heat c a p a c i t y o f s t on e ma t e r i a l
20 cs = 790 // i n J/Kg .K
21 // a c c e l e r a t i o n due to g r a v i t y
22 g = 9.8 // i n m/ s ˆ2
23

24 // S o l u t i o n :
25 // app l y i ng laws o f thermodynamics
26 // app l y i ng fo rmu la f o r ent ropy change f o r
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i r r e v e r s i b l e p r o c e s s
27 // heat t r a n s f e r
28 Q = mw*g*h// i n J
29 // t empera tu r e r i s e o f system water+s t on e
30 delta_T = Q/((mw*cw)+(ms*cs))// i n K
31 // ent ropy change o f system
32 delta_S = Q/(T)// on J/K
33 // ent ropy change o f r e v e r s e p r o c e s s
34 delta_s = -Q/T// i n J/k // s i n c e heat i s e x t r a c t e d

from system
35

36 printf (”\n\n Heat t r a n s f e r Q = \n\n %3i J” ,Q);

37 printf (”\n\n Temperature r i s e o f system water+s t on e
d e l t a T = \n\n %. 1 e K” ,delta_T);

38 printf (”\n\n Entropy change o f system d e l t a S = \n\
n %. 2 f J/k” ,delta_S);

39 printf (”\n\n Entropy change o f r e v e r s e p r o c e s s
d e l t a s = \n\n %. 2 f J/K” ,delta_s);

Scilab code Exa 24.3 C24P3

1 clear

2 clc

3 // to f i n d net ent ropy change o f i r r e v e r s e p r o c e s s
4

5 //Given :
6 // r e f e r to f i g u r e 24−3(a ) and ( b ) from page no . 549
7 //mass o f hot water
8 m = 0.57 // i n Kg
9 // i n i t i a l t empera tu re o f hot water
10 TiH = 363 // i n K
11 // i n i t i a l t empera tu re o f c o l d water
12 TiC = 283 // i n K
13 // e q u i l i b r i um tempera tu r e
14 Tf = 323 // i n K
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15 // s p e c i f i c heat c a p a c i t y o f water
16 c = 4190 // i n J/Kg .K
17

18 // S o l u t i o n :
19 // app l y i ng laws o f thermodynamics
20 // app l y i ng fo rmu la f o r ent ropy change f o r

i r r e v e r s i b l e p r o c e s s
21 // ent ropy change o f hot water
22 delta_SH = m*c*log(Tf/TiH)// i n J/K
23 // ent ropy change o f c o l d water
24 delta_SC = m*c*log(Tf/TiC)// i n J/K
25 // net ent ropy change o f i r r e v e r s e p r o c e s s
26 delta_S = delta_SH+delta_SC // i n J/K
27 delta_SH = round(delta_SH)

28 delta_SC = round(delta_SC)

29 delta_S = round(delta_S)

30

31 printf (”\n\n Entropy change o f hot water de l t a SH =
\n\n %3i J/K” ,delta_SH);

32 printf (”\n\n Entropy change o f c o l d water de l t a SC
= \n\n %3i J/K” ,delta_SC);

33 printf (”\n\n Net ent ropy change o f i r r e v e r s e
p r o c e s s d e l t a S = \n\n %3i J/K” ,delta_S);

Scilab code Exa 24.4 C24P4

1 clear

2 clc

3 // to f i n d net ent ropy change o f the gas f o r
i r r e v e r s e p r o c e s s

4

5 //Given :
6 // r e f e r to f i g u r e 24−5(a ) and ( b ) from page no . 550
7 //number o f moles
8 n = 0.55 // i n mol
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9 // room tempera tu r e
10 T = 293 // i n K
11 //molar gas c on s t an t
12 R = 8.31 // i n J/mol .K
13

14 // S o l u t i o n :
15 // app l y i ng laws o f thermodynamics
16 // app l y i ng fo rmu la f o r ent ropy change f o r i s o t h e rma l

expans i on
17 // r a t i o o f f i n a l to i n i t i a l volumes // s i n c e both

chamber a r e o f same volumes
18 Vf_by_Vi = 2

19 // ent ropy change o f the gas f o r i r r e v e r s e p r o c e s s
20 delta_S = n*R*log(Vf_by_Vi)// i n J/K
21

22 printf (”\n\n Rat io o f f i n a l to i n i t i a l volumes VF/
Vi = \n\n %1i” ,Vf_by_Vi);

23 printf (”\n\n Entropy change o f the gas f o r
i r r e v e r s e p r o c e s s d e l t a S = \n\n %. 2 f J/K” ,

delta_S);

Scilab code Exa 24.5 C24P5

1 clear

2 clc

3 // to f i n d maximum p o s s i b l e e f f i c i e n c y o f t u r b i n e
4

5 //Given :
6 // t empera tu r e o f steam in b o i l e r
7 TH = 520 // i n deg r e e c e l s i u s
8 // // t empera tu r e o f steam in conden s e r
9 TL = 100 // i n deg r e e c e l s i u s
10

11 // S o l u t i o n :
12 // app l y i ng laws o f thermodynamics
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13 // app l y i ng fo rmu la f o r c a rno t c y c l e
14 //maximum p o s s i b l e e f f i c i e n c y o f t u r b i n e
15 Emax = 1-((TL+273) /(TH +273))

16 Emax1 = Emax *100 // i n p e r c en t
17 Emax1 = round(Emax1)

18

19 printf (”\n\n Maximum p o s s i b l e e f f i c i e n c y o f t u r b i n e
Emax = \n\n %. 2 f ” ,Emax);

20 printf (”\n\n Maximum p o s s i b l e e f f i c i e n c y o f t u r b i n e
Emax = \n\n %2i p e r c en t ” ,Emax1);

Scilab code Exa 24.6 C24P6

1 clear

2 clc

3 // to f i n d work per c y c l e r e q u i r e d to op e r a t e
r e f r i g e r a t o r

4 // to f i n d heat per c y c l e d i s c h a r g e d to the room
5

6 //Given :
7 // c o e f f i c i e n t o f pe r f o rmance o f r e f r i g e r a t o r
8 K = 4.7

9 // r a t e o f heat e x t r a c t i o n
10 QL = 250 // i n J/ c y c l e
11

12 // S o l u t i o n :
13 // app l y i ng laws o f thermodynamics
14 // app l y i ng fo rmu la f o r r e f r i g e r a t i o n c y c l e
15 //work per c y c l e r e q u i r e d to op e r a t e r e f r i g e r a t o r
16 W = QL/K// i n J/ c y c l e
17 // heat per c y c l e d i s c h a r g e d to the room
18 QH = W+QL // i n J/ c y c l e
19

20 printf (”\n\n Work per c y c l e r e q u i r e d to op e r a t e
r e f r i g e r a t o r W = \n\n %3i J/ c y c l e ” ,W);
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21 printf (”\n\n Heat per c y c l e d i s c h a r g e d to the room
QH = \n\n %3i J/ c y c l e ” ,QH);

Scilab code Exa 24.7 C24P7

1 clear

2 clc

3 // to f i n d minimum r a t e o f ene rgy to be s u pp l i e d to
the heat pump

4

5 //Given :
6 // o u t s i d e t empera tu r e
7 TL = -10 // i n deg r e e c e l s i u s
8 // i n t e r i o r t empera tu r e
9 TH = 22 // i n deg r e e c e l s i u s
10 // heat t r a n s f e r
11 QH = 16 // i n KW
12

13 // S o l u t i o n :
14 // app l y i ng laws o f thermodynamics
15 // app l y i ng fo rmu la f o r r e f r i g e r a t i o n c y c l e
16 // c o e f f i c i e n t o f pe r f o rmance
17 K = (TL +273) /((TH +273) -(TL+273))// t ak i n g t empera tu r e

i n K
18 //minimum r a t e o f ene rgy to be s u pp l i e d to the heat

pump
19 W_by_deltat = QH/(K+1) // i n KW
20

21 printf (”\n\n C o e f f i c i e n t o f pe r f o rmance K = \n\n %
. 2 f ” ,K);

22 printf (”\n\n Minimum r a t e o f ene rgy to be s u pp l i e d
to the heat pump W by de l ta t = \n\n %. 1 f KW” ,

W_by_deltat);
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Scilab code Exa 24.8 C24P8

1 clear

2 clc

3 // to f i n d heat ene rgy e x t r a c t e d from high
tempera tu re r e s e r v i o r per c y c l e

4 // to f i n d heat ene rgy d i s c h a r g e to low tempera tu r e
r e s e r v i o r per c y c l e

5 // to f i n d ent ropy change per c y c l e
6

7 //Given :
8 //work output
9 W = 120 // i n J per c y c l e
10 // e f f i c i e n c y
11 Ex = 75 // i n p e r c en t
12 // b o i l i n g po i n t o f water
13 TH = 100 // i n deg r e e c e l s i u s
14 // f r e e z i n g po i n t o f water
15 TL = 0// i n d eg r e e c e l s i u s
16

17 // S o l u t i o n :
18 // app l y i ng laws o f thermodynamics
19 // app l y i ng fo rmu la f o r r e f r i g e r a t i o n c y c l e
20 // app l y i ng ca rno t c y c l e f o rmu la
21 // e f f i c i e n c y o f c a rno t eng i n e
22 Ec = 1 -((273+TL)/(TH+273))// t ak i n g t empe ra tu r e s i n K
23 Ec1 = Ec*100 // i n p e r c en t
24 // heat ene rgy e x t r a c t e d from high tempera tu r e

r e s e r v i o r per c y c l e
25 QH = W/(Ex*10^ -2) // i n J
26 // heat ene rgy d i s c h a r g e to low tempera tu re r e s e r v i o r

per c y c l e
27 QL = QH-W// i n J
28 delta_SH = -(QH)/(TH +273) // i n J/K // t ak i n g
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t empe ra tu r e s i n K
29 delta_SL = (QL)/(TL +273) // i n J/K // t ak i n g

t empe ra tu r e s i n K
30 delta_SWS = 0// i n J/K
31 // ent ropy change per c y c l e
32 delta_Sx = delta_SH+delta_SL+delta_SWS // i n J/K
33 Ec1 = round(Ec1)

34

35 printf (”\n\n E f f i c i e n c y o f c a rno t eng i n e Ec = \n\n
%. 3 f ” ,Ec);

36 printf (”\n\n E f f i c i e n c y o f c a rno t eng i n e Ec = \n\n
%2i p e r c en t ” ,Ec1);

37 printf (”\n\n Heat ene rgy e x t r a c t e d from high
tempera tu re r e s e r v i o r per c y c l e QH = \n\n %3i J”
,QH);

38 printf (”\n\n Heat ene rgy d i s c h a r g e to low
tempera tu re r e s e r v i o r per c y c l e QL = \n\n %3i J”
,QL);

39 printf (”\n\n Entropy change per c y c l e d e l t a S x = \n
\n %. 2 f J/K” ,delta_Sx);

Scilab code Exa 24.9 C24P9

1 clear

2 clc

3 // to f i n d number o f i ndependent ways
4 // to f i n d number o f m i c r o s t a t e s
5

6 //Given :
7 //number o f mo l e c u l e s
8 N = 200 // i n mo l e c u l e s
9 // h a l f number o f mo l e c u l e s
10 N1 = 100 // i n mo l e c u l e s
11 // f o r 150 mo l e c u l e s i n one box and 50 mo l e c u l e s i n

one box
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12 n1 = 150

13 n2 = 50

14

15 // S o l u t i o n :
16 //number o f independent ways
17 w = factorial(N)/(( factorial(N1))*( factorial(N1)))

18 //number o f m i c r o s t a t e s
19 W = factorial(N)/(( factorial(n1))*( factorial(n2)))

20 // answer i s Nan . Because f u n c t i o n f a c t o r i a l i n s c i l a b
o v e r f l ow s as soon as N > 170 as he r e numerator

i s N = 200 and answer o f denominator i s i n f i n i t y
21

22 printf (”\n\n Number o f i ndependent ways w = \n\n %
. 2 e ” ,w);

23 printf (”\n\n Number o f m i c r o s t a t e s W = \n\n %. 2 e ” ,

W);
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