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above book.
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Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
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For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
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Chapter 2

Parallel Forces in a Plane

Scilab code Exa 2.1 CFP

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=50 //N
3 Q=100 //N
4 beta =150 // d e g r e e // a n g l e between P & the

h o r i z o n t a l
5 // C a l c u l a t i o n s
6 R=sqrt(P^2+Q^2-(2*P*Q*cosd(beta))) // u s i n g the

T r i g n o m e t r i c s o l u t i o n
7 Alpha=asind ((sind(beta)*Q)/R)+15

8 // R e s u l t
9 clc

10 printf( ’ The magnitude o f r e s u l t a n t i s %f Newton (N)
\n ’ ,R)

11 printf( ’ The d i r e c t i o n o f r e s u l t a n t i s %f d e g r e e \n ’ ,
Alpha)

Scilab code Exa 2.2 addition of concurrent forces
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1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=50 //N
3 Q=100 //N
4 beta =15 // d e g r e e // a n g l e between P& the h o r i z o n t a l
5 theta =45 // d e g r e e // a n g l e between the r e s u l t a n t (R)

& the h o r i z o n t a l
6 // C a l c u l a t i o n s
7 Rx=P*cosd(beta)+Q*cosd(theta) //N
8 Ry=P*sind(beta)+Q*sind(theta) //N
9 R=sqrt((Rx^2)+(Ry^2)) //N
10 alpha=atand(Ry/Rx) // d e g r e e
11 // R e s u l t s
12 clc

13 printf( ’ The magnitude o f the r e s u l t a n t i s %f N \n ’ ,R
)

14 printf( ’ The ange o f the r e s u l t a n t with x−a x i s i s %f
d e g r e e \n ’ ,alpha)

Scilab code Exa 2.4 Equilibrium equations

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Tac =3.5 //kN
3 Tbc =3.5 //kN
4 alpha =20 // d e g r e e // a n g l e made by Tac with −ve X

a x i s
5 beta =50 // d e g r e e // a n g l e made by Tbc with +ve X a x i s
6 // C a l c u l a t i o n s
7 theta=atand (((Tac*sind(alpha))+(Tbc*sind(beta)))/((

Tac*cosd(alpha))-(Tbc*cosd(beta)))) // d e g r e e
8 P=Tac*(cosd(alpha)-cosd(beta))/(cosd(theta)) //kN //

from eq ’ n 1
9 // R e s u l t s

10 clc

11 printf( ’ The maximum f o r c e tha t can be a p p l i e d i s %f
kN \n ’ ,P)
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12 printf( ’ The d i r e c t i o n o f a p p l i e d f o r c e i s %f d e g r e e
\n ’ ,theta)

Scilab code Exa 2.8 equilibrium of a body subjected to two forces

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 lAB =0.4 //m
3 lBC =0.3 //m
4 // C a l c u l a t i o n s
5 alpha=atand(lAB/lBC) // d e g r e e
6 // R e s u l t s
7 clc

8 printf( ’ The a n g l e wich the f o r c e shou ld make with
the h o r i z o n t a l to keep the edge AB o f the body
v e r t i c a l %f d e g r e e \n ’ ,alpha) // he r e a lpha=t h e t a

Scilab code Exa 2.9 equilibrium of a body subjected to three forces

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 F=1000 //N
3 lAB =0.5 //m
4 lDC =0.25 //m // l e n g t h o f the p e r p e n d i c u l a r drawn

from p o i n t C to AB
5 // C a l c u l a t i o n s
6 lAC=sqrt ((0.3) ^2+(0.25) ^2) //m
7 lBC=sqrt ((0.20) ^2+(0.25) ^2) //m
8 Sac=(lAC*F)/(lAB) //N // by law o f c o n c u r r e n t f o r c e s
9 Sbc=(lBC*F)/(lAB) //N // by law o f c o n c u r r e n t f o r c e s

10 // R e s u l t s
11 clc

12 printf( ’ The a x i a l f o r c e i n the bar AC( by aw o f
c o n c u r r e n t f o r c e s ) i s %f N \n ’ ,Sac)
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13 printf( ’ The a x i a l f o r c e i n the bar BC( by aw o f
c o n c u r r e n t f o r c e s ) i s %f N \n ’ ,Sbc)

Scilab code Exa 2.10 equilibrium of a body subjected to three forces

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 F3=500 //N
3 alpha =60 // d e g r e e // a n g l e made by F3 with F2
4 beta =40 // d e g r e e // a n g l e made by F1 with F3
5 theta =80 // d e g r e e // a n g l e made by F1 with F2
6 // C a l c u l a t i o n s
7 // S o l v i n g by u s i n g law o f s i n e s
8 F1=(F3*sind(alpha)/sind(theta)) //N // by law o f

s i n e s
9 F2=(F3*sind(beta)/sind(theta)) //N // by law o f s i n e s

10 // Resuts
11 clc

12 printf( ’ The f o r c e F1 i s %f N \n ’ ,F1)
13 printf( ’ The f o r c e F2 i s %f N \n ’ ,F2)

Scilab code Exa 2.11 reaction at the hinge

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=5000 //N
3 lAB=5 //m
4 lOB =1.443 // m
5 alpha =30 // d e g r e e // a n g l e made by f o r c e P with the

beam
6 // C a l c u l a t i o n s
7 theta=atand(lOB/lAB) // d e g r e e // eq ’ n 1
8 Xa=(P*cosd(alpha)) //N // u s i n g eq ’ n 4
9 Ya=Xa*tand(theta) //N // from eq ’ n 3 & 4
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10 Rb=P*sind(alpha)-Ya // N from eq ’ n 5// s u b s t u t i n g
v a l u e o f Ya i n eq ’ n 5

11 Ra=sqrt((Xa^2)+(Ya^2)) //N
12 // R e s u l t s
13 clc

14 printf( ’ The X component o f r e a c t i o n at A i s %f N \n ’
,Xa)

15 printf( ’ The Y component o f r e a c t i o n at A i s %f N \n ’
,Ya)

16 printf( ’ The r e a c t i o n at suppor t A i s %f N \n ’ ,Ra)
17 printf( ’ The r e a c t i o n at suppor t B i s %f N \n ’ ,Rb)
18 // The dec ima l p o i n t e r r o r might caus e a s m a l l

d i s c r e p a n c y i n the answers

Scilab code Exa 2.12 reaction at the hinge

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 //N
3 OD=0.4 //m
4 AD=0.3 //m
5 AO=0.5 //m //AO=s q r t ( ( 0 . 4 ) ˆ2+(0 . 3 ) ˆ2)
6 // C a l c u l a t i o n s
7 Ra=W*AO/OD //N // The answer o f Ra i n the t ex tbook

i s i n c o r r e c t
8 Rc=W*AD/OD //N
9 alpha=atand(OD/AD) // d e g r e e

10 // R e s u l t s
11 clc

12 printf( ’ The r e a c t i o n at suppor t A i s %f N \n ’ ,Ra)
13 printf( ’ The r e a c t i o n at suppor t B i s %f N \n ’ ,Rc)
14 printf( ’ The a n g l e tha t Rc makes with h o r i z o n t a l %f

d e g r e e \n ’ ,alpha)
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Scilab code Exa 2.13 reaction at the hinge

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=2500 //N // This l oad a c t s at p o i n t B and C.
3 alpha =30 // d e g r e e // a n g l e made by T1 with +ve y−

a x i s & T2 with +ve x−a x i s
4 // C a l c u l a t i o n s
5 T2=W-((( cosd(alpha))^2/( sind(alpha))) -(sind(alpha)))

// N // s u b s t u t i n g eq ’ n 1 i n 2
6 T1=(T2*cosd (30))/(sind (30)) //N // u s i n g eq ’ n 1
7 T3=T2 //N // By e q u i l i b r i u m eq ’ n at p o i n t C( sumFx=0)
8 // R e s u l t s
9 clc

10 printf( ’ Tens ion i n p o r t i o n AB i s %f N \n ’ ,T1)
11 printf( ’ Tens ion i n p o r t i o n BC i s %f N \n ’ ,T2)
12 printf( ’ Tens ion i n p o r t i o n CD i s %f N \n ’ ,T3)

Scilab code Exa 2.15 equilibrium of a body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 d=0.6 //m // d iamete r o f the whee l
3 r=0.3 //m // r a d i u s o f the whee l
4 W=1000 //N // we ight o f the whee l
5 h=0.15 //m // h e i g h t o f r e c t a n g u l a r b l o c k
6 // C a l c u l a t i o n s
7 theta=atand ((sqrt(h))/(sqrt(d-h)))

8 P=(W*tand(theta)) //N // d i v i d i n g eq ’ n 1 & 2
9 // Resuts

10 clc

11 printf( ’ The f o r c e P so tha t the whee l i s j u s t to
r o l l ove r the b l o c k i s %f N \n ’ ,P)

Scilab code Exa 2.16 Equilibrium of a Body
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1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Soa =1000 //N ( t e n s i o n )
3 alpha =45 // d e g r e e // where a lpha =(360/8)
4 theta =67.5 // d e g r e e // a n g l e made by bar AO with AB &

AH
5 // C a l c u l t i o n s
6 Sab=Soa*(sind(theta)/sind(alpha)) // N // Using law

o f s i n e s
7 Sah=Sab //N
8 Sob=(Sab*sind (180 -2*( theta)))/sind(theta) //N
9 // R e s u l t s
10 clc

11 printf( ’ The a x i a l f o r c e i n the bar AB i s %f N \n ’ ,
Sab) // Compress ion

12 printf( ’ The a x i a l f o r c e i n the bar OB i s %f N \n ’ ,
Sob) // Tens ion

Scilab code Exa 2.17 Equilibrium of a body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=500 //N // we ight o f c y l i n d e r
3 alpha =25 // d e g r e e // a n g l e made by OA with h o r i z o n t a l
4 beta =65 // d e g r e e // a n g l e made by OB with h o r i z o n t a l
5 theta =90 // d e g r e e // t h e t a =( a lpha+beta )
6 // C a l c u l a t i o n s
7 Ra=(W*sind(beta))/sind(theta) //N // from e q u i l i b r i u m

eq ’ n
8 Rb=(W*sind(alpha))/sind(theta) //N // from

e q u i l i b r i u m eqn ’ s
9 // R e s u l t s

10 clc

11 printf( ’ The r e a c t i o n at A i s %f N \n ’ ,Ra)
12 printf( ’ The r e a c t i o n at B i s %f N \n ’ ,Rb)

18



Scilab code Exa 2.18 Equilibrium of a body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Wa=1000 //N // we ight o f s p h e r e A
3 Wb=400 //N // we ight o f s p h e r e B
4 Ra=0.09 //m // r a d i u s o f s p h e r e A
5 Rb=0.05 //m // r a d i u s o f s p h e r e B
6 theta =33.86 // d e g r e e // a n g l e made by Rq with Wb
7 alpha =60 // d e g r e e // a n g l e made by Rl with h o r i z o n t a l
8 // C a l c u l a t i o n s
9 Rq=Wb/cosd(theta) //N // u s i n g sum Fy=0 f o r s p h e r e B
10 Rp=Rq*sind(theta) //N // u s i n g sum Fx=0 f o r s p h e r e B
11 Rl=(Rq*sind(theta))/sind(alpha) //N // u s i n g sum Fx=0

f o r s p h e r e A
12 Rn=((Wa)+(Rq*cosd(theta))-(Rl*cosd(alpha))) //N
13 // R e s u l t s
14 clc

15 printf( ’ The r e a c t i o n at p o i n t P i s %f N \n ’ ,Rp)
16 printf( ’ The r e a c t i o n at p o i n t L i s %f N \n ’ ,Rl)
17 printf( ’ The r e a c t i o n at p o i n t N i s %f N \n ’ ,Rn)

Scilab code Exa 2.19 Equilibrium of a body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=50 //N
3 Q=100 //N
4 alpha =30 // d e g r e e // a n g l e made by Rq with +ve Y−a x i s
5 // C a l c u l a t i o n s
6 theta=atand ((P*cotd(alpha)-Q*tand(alpha))/(P+Q)) //

d e g r e e
7 T=Q/(cosd(theta)*cotd(alpha)-sind(theta)) //N
8 // R e s u l t s
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9 clc

10 printf( ’ The t e n s i o n i n the s t r i n g i s %f N \n ’ ,T)
11 printf( ’ The a n g l e wich the s t r i n g makes with the

h o r i z o n t a l when the system i s i n e q u i l i b r i u m i s
%f N \n ’ ,theta)

Scilab code Exa 2.20 Equilibrium of a body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 theta1 =50.5 // d e g r e e // i s the a n g l e made between BC

& and BE
3 theta2 =36.87 // d e g r e e // i s t e a n g l e ade between BA &

BE
4 g=9.81 //m/ s ˆ2
5 Wa=15*g //N
6 Wb=40*g //N
7 Wc=20*g //N
8 // C a l c u l a t i o n s
9 R2=Wc/(sind(theta1)) //N // from F .B .D o f c y l i n d e r C(

sum Fy=0)
10 R4=(Wb+R2*sind(theta1))/sind(theta2) //N // from F .B .

D o f c y l i n d e r B( sum Fy=0)
11 R6=R4*cosd(theta2) //N // from F .B .D o f c y l i n d e r A(

sum Fx=0)
12 // R e s u l t s
13 clc

14 printf( ’ The r e a c t i o n between the c y l i n d e r A and the
w a l l o f the channe l i s %f N \n ’ ,R6)

Scilab code Exa 2.21 Equilibrium of a body

1 // I n i t i l a z a t i o n o f v a r i a b l e s
2 F=1000 //N
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3 theta =30 // d e g r e e // a n g l e made by the f o r c e with the
beam AB

4 Lab=3 //m
5 Lae=2 //m
6 Lce=1 //m
7 // C a l c u l a t i o n s
8 Re=(F*Lab*sind(theta))/Lae //N // Taking moment at A
9 Rd=(Re*Lce)/(Lab*sind(theta)) //N // Taking moment

about C
10 // R e s u l t s
11 clc

12 printf( ’ The r e a c t i o n at D due to f o r c e o f 1000 N
a c t i n g at B i s %f N \n ’ ,Rd)

Scilab code Exa 2.23 Equilibrium of a body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 //N
3 r=0.30 //m // r a d i u s o f the whee l
4 h=0.15 //m // h e i g h t o f the o b s t a c l e
5 // C a l c u l a t i o n s
6 theta=asind (1) // d e g r e e //P i s mini when s i n ( t h e t a )

=1 from eq ’ n o f P
7 Pmini=(W*sqrt ((2*r*h)-(h^2)))/(r*sind(theta)) //N
8 // R e s u l t s
9 clc

10 printf( ’ The l e a s t f o r c e r e q u i r e d to j u s t turn the
whee l ove r the b l o c k i s %f N \n ’ ,Pmini)

11 printf( ’ The a n g l e wich shou ld be made by Pmini with
AC i s %f d e g r e e \n ’ ,theta)
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Chapter 3

Parallel forces in a plane

Scilab code Exa 3.1 Resultant of Forces in a Plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 //N
3 Lab=1 //m
4 Lac =0.6 //m
5 theta =60 // d e g r e e // a n g l e made by the beam with the

h o r i z o n t a l
6 // C a l c u l a t i o n s
7 Q=(W*Lac*cosd(theta))/(Lab*cosd(theta)) //N // from

eq ’ n 2
8 P=W-Q //N // from eq ’ n 1
9 // R e s u l t s

10 clc

11 printf( ’ The l oad taken by man P i s %f N \n ’ ,P)
12 printf( ’ The l oad taken by man Q i s %f N \n ’ ,Q)

Scilab code Exa 3.2 Resultant of forces in a Plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
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2 F=1000 //N
3 Lab=1 //m
4 Lbc =0.25 //m
5 Lac =1.25 //m
6 // C a l c u l a t i o n s
7 Rb=(F*Lac)/Lab //N // from eq ’ n 2
8 Ra=Rb-F //N // fom eq ’ n 1
9 // R e s u l t s
10 clc

11 printf( ’ The r e a c t i o n ( downwards ) at suppor t A i s %f N
\n ’ ,Ra)

12 printf( ’ The r e a c t i o n ( upwards ) at suppor t B i s %f N \
n ’ ,Rb)

Scilab code Exa 3.3 Resultant of Forces in a Plane

1 // I n i l i t i z a t i o n o f v a r i a b l e s
2 Lab =12 //m
3 Mc=40 //kN−m
4 Md=10 //kN−m
5 Me=20 //kN−m
6 Fe=20 //kN // f o r c e a c t i n g at p o i n t E
7 // C a l c u l a t i o n s
8 Xa=-(Fe) //kN // take sum Fx=0
9 Rb=(Md+Me-Mc)/Lab //N // take moment at A

10 Ya=-Rb //N // take sum Fy=0
11 // R e s u l t s
12 clc

13 printf( ’ The v e r t i c a l r e a c t i o n ( upwards ) at A i s %f
kN \n ’ ,Ya)

14 printf( ’ The h o r i z o n t a l r e a c t i o n ( towards A) i s %f kN
\n ’ ,Xa)

15 printf( ’ The r e a c t i o n ( downwards ) at B i s %f kN \n ’ ,
Rb)
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Scilab code Exa 3.5 Resultant of Forces in a Plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 //N
3 Lad =7.5 //m
4 Lae =1.5 //m
5 La1 =3.75 //m // d i s t a n c e o f 1 s t 1000N load from pt A
6 La2=5 //m // d i s t a n c e o f 2nd 1000N load from pt A
7 La3=6 //m // d i s t a n c e o f 3 rd 1000N load from pt A
8 // C a l c u l a t i o n s ( pa r t1 )
9 // u s i n g matr ix to s o l v e the g i v e n eqn ’ s 1 & 2

10 A=[1 -2.5;3.5 -5]

11 B=[1000;7250]

12 C=inv(A)*B

13 // C a l c u l a t i o n s ( pa r t 2)
14 // Cons ide r combined F .B .D o f beams AB,BC &CD. Take

moment at A
15 Re=((W*La1)+(W*La2)+(W*La3)+(C(2)*Lad) -(C(1)*La3))/

Lae //N
16 Ra=C(2)-Re-C(1) +(3*W) //N // Taking sum o f f o r c e s i n

Y d i r e c t i o n
17 // R e s u l t s
18 clc

19 printf( ’ The r e a c t i o n at F i . e Rf i s %f N \n ’ ,C(1))
20 printf( ’ The r e a c t i o n at D i . e Rd i s %f N \n ’ ,C(2))
21 printf( ’ The r e a c t i o n at pt E i . e Re i s %f N \n ’ ,Re)
22 printf( ’ The r e a c t i o n at pt A i . e Ra i s %f N \n ’ ,Ra)

// a c t i n g v e r t i c a l l y downwards

Scilab code Exa 3.6 Resultant of forces in a plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
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2 W=100 // N // f o r c e a c t i n g at D
3 AB=50 // N // we ight o f bar ab
4 CD=50 // N // we ight o f bar cd
5 // C a l c u l a t i o n s
6 // From the d e r i v e d e x p r e s s i o n the v a l u e o f the

a n g l e i s g i v e n as ,
7 theta=atand (5/17.5) // d e g r e e s
8 // R e s u l t s
9 clc

10 printf( ’ The a n g l e t h e t a i s %f d e g r e e s \n ’ ,theta)

Scilab code Exa 3.7 Resultant of forces in a plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Ws=2 //kN // we ight o f s c o o t e r
3 Wd=0.5 //kN // we ight o f d r i v e r
4 Lab=1 //m
5 Led =0.8 //m
6 Leg =0.1 //m
7 // C a l c u l a t i o n s
8 Rc=((2* Leg)+(Wd*Led))/Lab //kN // take moment at E
9 Ra=(2+Wd-Rc)/2 // kN // as Ra=Rb , ( Ra+Rb=2∗Ra)
10 Rb=Ra // kN
11 // R e s u l t s
12 clc

13 printf( ’ The r e a c t i o n at whee l A i s %f kN \n ’ ,Ra)
14 printf( ’ The r e a c t i o n at whee l B i s %f kN \n ’ ,Rb)
15 printf( ’ The r e a c t i o n at whee l C i s %f kN \n ’ ,Rc)

Scilab code Exa 3.8 Resultant of Forces in a Plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=15 //N //up
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3 W2=60 //N //down
4 W3=10 //N //up
5 W4=25 //N //down
6 Lab =1.2 //m
7 Lac =0.4 //m
8 Lcd =0.3 //m
9 Ldb =0.5 //m
10 Lad =0.7 //m
11 Leb =0.417 //m // Leb=Lab−x
12 // C a l c u l a t i o n s
13 // ( a ) A s i n g l e f o r c e
14 Ry=W1-W2+W3 -W4 //N // take sum Fy=0
15 x=((-W2*Lac)+(W3*Lad)-(W4*Lab))/(Ry) //m
16 // ( b ) S i n g l e f o r c e moment at A
17 Ma=(Ry*x) //N−m
18 // S i n g l e f o r c e moment at B
19 Mb=W2*Leb //N−m
20 // R e s u l t s
21 clc

22 printf( ’ The r e a c t i o n f o r s i n g l e f o r c e ( a ) i s %f N \n
’ ,Ry)

23 printf( ’ The d i s t a n c e o f Ry from A i s %f m \n ’ ,x)
24 printf( ’ The moment at A i s %f N−m \n ’ ,Ma)
25 printf( ’ The moment at B i s %f N−m \n ’ ,Mb)

Scilab code Exa 3.9 Resultant of Forces in a Plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Ra=5000 //N
3 Ma =10000 //Nm
4 alpha =60 // d e g r e e // a n g l e made by T1 with the p o l e
5 beta =45 // d e g r e e // a n g l e made by T2 with the p o l e
6 theta =30 // d e g r e e // a n g l e made by T3 with the p o l e
7 Lab=6 //m
8 Lac =1.5 //m
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9 Lcb =4.5 //m
10 // C a l c u l a t i o n s
11 T3=Ma /(4.5* sind(theta)) //N // take moment at B
12 // Now we use matr ix to s o l v e eqn ’ s 1 & 2

s i m u l t a n e o u s l y ,
13 A=[ -0.707 0.8666;0.707 0.5]

14 B=[2222.2;8848.8]

15 C=inv(A)*B

16 // R e s u l t s
17 clc

18 printf( ’ Tens ion i n w i r e 1 i . e T1 i s %f N \n ’ ,C(2))
19 printf( ’ Tens ion i n w i r e 2 i . e T2 i s %f N \n ’ ,C(1))
20 printf( ’ Tens ion i n w i r e 3 i . e T3 i s %f N \n ’ ,T3)

Scilab code Exa 3.10 Distributed Force in a Plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 w=2000 //N/m
3 Lab=3 //m
4 // C a l c u l a t i o n s
5 W=w*Lab/2 //N// Area under the curve
6 Lac =(2/3)*Lab //m// c e n t r o i d o f the t r i a n g u l a r l oad

system
7 Rb=(W*Lac)/Lab //N //sum o f moment at A
8 Ra=W-Rb //N
9 // R e s u l t s

10 clc

11 printf( ’ The r e s u l t a n t o f the d i s t i b u t e d l oad l i e s at
%f m \n ’ ,Lac)

12 printf( ’ The r e a c t i o n at suppor t A i s %f N \n ’ ,Ra)
13 printf( ’ The r e a c t i o n at suppor t B i s %f N \n ’ ,Rb)

Scilab code Exa 3.11 Distributed force in a plane
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1 // I n i t i i z a t i o n o f v a r i a b l e s
2 w=1500 //N/m
3 x=4 //m
4 L=4 //m
5 // C a l c u l a t i o n s
6 k=x^2/w //mˆ3/N
7 // S o l v i n g the i n t e r g r a l we ge t
8 W=L^3/(3*k) //N
9 x_bar=L^4/(4*k*W) //m
10 // R e s u l t
11 clc

12 printf(”The r e s u l t a n t i s %f N and the l i n e o f a c t i o n
o f the f o r c e i s %f m”,W,x_bar)

Scilab code Exa 3.12 Distributed force in a plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 w1=1.5 //kN/m // i n t e n s i t y o f v a r y i n g l oad at the

s t a r t i n g p o i n t o f the beam
3 w2=4.5 //kN/m // i n t e n s i t y o f v a r y i n g l oad at the

end o f the beam
4 l=6 //m // ength o f the beam
5 // C a l c u l a t i o n s
6 // The v a r y i n g l oad d i s t r i b u t i o n i s d i v i d e d i n t o a

r e c t a n g l e and a r i g h t ang l ed t r i a n g l e
7 W1=w1*l //kN // where W1 i s the a r ea o f the l oad

diagram ( r e c t a n g l e ABED)
8 x1=l/2 //m // c e n t r o i d o f the r e c t a n g u l a r l oad

system
9 W2=(w2-w1)*l/2 //kN // where W1 i s the a r ea o f the

l oad diagram ( t r i a n g l e DCE)
10 x2=2*l/3 //m // c e n t r o i d o f the t r i a n g u l a r l oad

system
11 W=W1+W2 //kN // W i s the r e s u l t a n t
12 x=((W1*x1)+(W2*x2))/W //m // where x i s the d i s t a n c e
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where the r e s u l t a n t l i e s
13 // R e s u l t s
14 clc

15 printf( ’ The r e s u l t a n t o f the d i s t r i b u t e d l oad system
i s %f kN \n ’ ,W)

16 printf( ’ The l i n e o f a c t i o n o f the r e s u l t i n g l oad i s
%f m \n ’ ,x)

Scilab code Exa 3.13 Distributed forces in a plane

1 // I n i t i i z a t i o n o f v a r i a b l e s
2 W1=10 //kN // p o i n t l oad a c t i n g at D
3 W2=20 //kN // p o i n t l oad a c t i n g at C at an a n g l e o f

30 d e g r e e
4 W3=5 //kN/m // i n t e n s i t y o f ud l a c t i n g on span EB o f

4m
5 W4=10 //kN/m // i n t e n s i t y o f v a r y i n g l oad a c t i n g on

span BC o f 3m
6 M=25 //kN−m // moment a c t i n g at E
7 theta =30 // d e g r e e // a n g l e made by 20 kN load with

the beam
8 Lad=2 //m
9 Leb=4 //m

10 Laf=6 //m // d i s t a n c e between the r e s u l t a n t o f W3 &
p o i n t A

11 Lac =11 //m
12 Lag=9 //m // d i s t a n c e between the r e s u l t a n t o f W4 and

p o i n t A
13 Lbc=3 //m
14 Lab=8 //m
15 // C a l c u l a t i o n s
16 Xa=20* cosd(theta) //kN // sum Fx=0
17 Rb=((W1*Lad)+(-M)+(W3*Leb*Laf)+(W2*sind(theta)*Lac)

+((W4*Lbc*Lag)/2))/Lab //kN // t a k i n g moment at A
18 Ya=W1+(W2*sind(theta))+(W3*Leb)+(W4*Lbc/2)-Rb //kN
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// sum Fy=0
19 Ra=sqrt(Xa^2+Ya^2) //kN // r e s u l t a n t at A
20 // R e s u l t s
21 clc

22 printf( ’ The h o r i z o n t a l r e a c t i o n at A i . e Xa i s %f kN
\n ’ ,Xa)

23 printf( ’ The v e r t i c a l r e a c t i o n at A i . e Ya i s %f kN \
n ’ ,Ya)

24 printf( ’ The r e a c t i o n at A i . e Ra i s %f kN \n ’ ,Ra)
25 printf( ’ The r e a c t i o n at B i . e Rb i s %f kN \n ’ ,Rb)

Scilab code Exa 3.14 Distributed forces in a plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 h=4 //m // h e i g h t o f the dam w a l l
3 rho_w =1000 // kg /mˆ3 // d e n s i t y o f water
4 rho_c =2400 // kg /mˆ3 // d e n s i t y o f c o n c r e t e
5 g=9.81 // m/ s ˆ2
6 // C a l c u l a t i o n s
7 P=(rho_w*g*h^2)/2 // The r e s u l t a n t f o r c e due to

water p r e s s u r e per u n i t l e n g t h o f the dam
8 x=(2/3)*h //m // d i s t a n c e at which the r e s u t a n t o f

the t r i a n g u l a r l oad a c t s
9 b=sqrt ((2*P*h)/(3*h*rho_c*g)) // m // eq ’ n r e q u i r e d

to f i n d the minimum width o f the dam
10 // R e s u l t s
11 clc

12 printf( ’ The minimum width which i s to be p rov id ed to
the dam to p r even t o v e r t u r n i n g about p o i n t B i s

%f m \n ’ ,b)
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Chapter 4

Centroid Centre of mass and
Centre of Gravity

Scilab code Exa 4.8 Centroid of a composite plane figure

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 b1=20 //cm // width o f top f l a n g e
3 t1=5 //cm // t h i c k n e s s o f top f l a n g e
4 b2=5 //cm // width o f web
5 t2=15 //cm // t h i c k n e s s or h e i g h t o f the web
6 b3=30 //cm // width o f bottom f l a n g e
7 t3=5 //cm // t h i c k n e s s o f bottom f l a n g e
8 // C a l c u l a t i o n s
9 A1=b1*t1 //cmˆ2 // a r ea o f bottom f l a n g e
10 A2=b2*t2 //cmˆ2 // a r ea o f the web
11 A3=b3*t3 //cmˆ2 // a r ea o f top f l a n g e
12 y1=t3+t2+(t1/2) //cm // y co−o r d i n a t e o f the

c e n t r o i d o f top f l a n g e
13 y2=t3+(t2/2) //cm // y co−o r d i n a t e o f the c e n t r o i d

o f the web
14 y3=t3/2 //cm // y co−o r d i n a t e o f the c e n t r o i d o f

the bottom f l a n g e
15 y_c =((A1*y1)+(A2*y2)+(A3*y3))/(A1+A2+A3) //cm //

where y c i s the c e n t r o i d o f the un−symmetryca l I
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−s e c t i o n
16 // R e s u l t s
17 clc

18 printf( ’ The c e n t r o i d o f the un e q u a l I−s e c t i o n i s %f
cm \n ’ ,y_c)

Scilab code Exa 4.9 Centroid of a composite plane figure

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 // The g i v e n s e c t i o n i s Z−s e c t i o n which i s un−

symmetryca l about both the a x i s
3 b1=20 //cm // width o f bottom f l a n g e
4 t1=5 //cm // t h i c k n e s s o f the bottom f l a n g e
5 b2=2.5 //cm // t h i c k n e s s o f the web o f the f l a n g e
6 t2=15 //cm // depth o f the web
7 b3=10 //cm // width o f the top f l a n g e
8 t3=2.5 //cm // t h i c k n e s s o f the top f l a n g e
9 // C a l c u l a t i o n s
10 // R e s p e c t i v e a r e a s
11 A1=b1*t1 // cmˆ2 // a r ea o f the bottom f l a n g e
12 A2=b2*t2 // cmˆ2 // a r ea o f the web
13 A3=b3*t3 // cmˆ2 // a r ea o f the top−f l a n g e
14 // f i r s t we c a l c u l a t e the x co−o r d i n a t e o f the

c e n t r o i d
15 x1=b3-b2+(b1/2) //cm // f o r the bottom f l a n g e
16 x2=b3 -(b2/2) //cm // f o r the web
17 x3=b3/2 //cm // f o r the top f l a n g e
18 x_c =((A1*x1)+(A2*x2)+(A3*x3))/(A1+A2+A3) //cm
19 // s e c o n d l y we c a l c u l a t e the y co−o r d i n a t e o f the

c e n t r o i d
20 y1=t1/2 //cm // f o r the bottom f l a n g e
21 y2=t1+(t2/2) //cm // f o r the web
22 y3=t1+t2+(t3/2) //cm // f o r the top f l a n g e
23 y_c =((A1*y1)+(A2*y2)+(A3*y3))/(A1+A2+A3) // cm
24 // R e s u l t s
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25 clc

26 printf( ’ The c e n t r o i d o f the c r o s s−s e c t i o n a l a r ea o f
a Z−s e c t i o n about x−a x i s i s %f cm \n ’ ,x_c)

27 printf( ’ The c e n t r o i d o f the c r o s s−s e c t i o n a l a r ea o f
a Z−s e c t i o n about y−a x i s i s %f cm \n ’ ,y_c)
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Chapter 5

General Case of Forces in a
plane

Scilab code Exa 5.2 Equations of equilibrium

1 // I n i l i z a t i o n o f v a r i a b l e s
2 W=2000 //N
3 Lab=2 //m // l e n g t h o f the member from the v e r t i c a l

to the 1 s t l oad o f 2000 N
4 Lac=5 //m // l e n g t h o f the member from the v e r t i c a l

to the 2nd l oad o f 2000 N
5 Lpq =3.5 //m
6 // C a l c u l a t i o n s
7 Rq=((W*Lab)+(W*Lac))/Lpq //N // take moment abt . pt P
8 Xp=Rq //N //sum Fx=0
9 Yp=2*W //N //sum Fy=0

10 Rp=sqrt(Xp^2+Yp^2) //N
11 // Resuts
12 clc

13 printf( ’ The r e a c t i o n at P i s %f N \n ’ ,Rp)
14 printf( ’ The r e a c t i o n at Q i s %f N \n ’ ,Rq)
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Scilab code Exa 5.3 Equations of equilibrium

1 // I n i t i l i z a t i o n o f v a i a b l e s
2 W=25 //N // s e l f we ight o f the l a d d e r
3 M=75 //N // we ight o f the man s t a n d i n g o the l a d d e r
4 theta =63.43 // d e g r e e // a n g l e which the l a d d e r makes

with the h o r i z o n t a l
5 alpha =30 // d e g r e e // a n g l e made by the s t r i n g with

the h o r i z o n t a l
6 Loa=2 //m // s p a c i n g between the w a l l and the l a d d e r
7 Lob=4 //m // l e n g t h from the h o r i z o n t a l to the top o f

the l a d d e r t o u c h i n g the w a l l ( v e r t i c a l )
8 // C a l c u l a t i o n s
9 // Using matr ix to s o l v e the s i m u l t a n e o u s eqn ’ s 3 & 4
10 A=[2 -4;1 -0.577]

11 B=[100;100]

12 C=inv(A)*B

13 // R e s u l t s
14 clc

15 printf( ’ The r e a c t i o n at A i . e Ra i s %f N \n ’ ,C(1))
16 printf( ’ The r e a c t i o n at B i . e Rb i s %f N \n ’ ,C(2))
17 // C a l c u l a t i o n s
18 T=C(2)/cosd(alpha) //N // from ( eqn 1)
19 // R e s u l t s
20 printf( ’ The r e q u i r e d t e n s i o n i n the s t r i n g i s %f N \

n ’ ,T)

Scilab code Exa 5.4 Equations of Equilibrium

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=100 //N
3 theta =60 // d e g r e e // a n g l e made by the l a d d e r with

the h o r i z o n t a l
4 alpha =30 // d e g r e e // a n g l e made by the l a d d e r with

the v e r t i c a l w a l l
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5 Lob=4 //m // l e n g t h from the h o r i z o n t a l to the top
o f the l a d d e r t o u c h i n g the w a l l ( v e r t i c a l )

6 Lcd=2 //m // l e n g t h from the h o r i z o n t a l to the
c e n t r e o f the l a d d e r where the man s t a n d s

7 // C a l c u l a t i o n s
8 Lab=Lob*secd(alpha) //m // l e n g t h o f the l a d d e r
9 Lad=Lcd*tand(alpha) //m

10 Rb=(W*Lad)/Lab //N // take moment at A
11 Xa=Rb*sind(theta) //N // From eq ’ n 1
12 Ya=W+Rb*cosd(theta) //N From eq ’ n 2
13 // R e s u l t s
14 clc

15 printf( ’ The r e a c t i o n at B i . e Rb i s %f N \n ’ ,Rb)
16 printf( ’ The h o r i z o n t a l r e a c t i o n at A i . e Xa i s %f N

\n ’ ,Xa)
17 printf( ’ The v e r t i c a l r e a c t i o n at A i . e Ya i s %f N \n

’ ,Ya)

Scilab code Exa 5.5 Equations of Equilibrium

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=100 //N // s e l f we ight o f the man
3 alpha =30 // d e g r e e // a n g l e made by the l a d d e r with

the w a l l
4 Lob=4 //m // l e n g t h from the h o r i z o n t a l to the top

o f the l a d d e r t o u c h i n g the w a l l ( v e r t i c a l )
5 Lcd=2 //m
6 // C a l c u l a t i o n s
7 // u s i n g the e q u i b l i r i u m e q u a t i o n s
8 Ya=W //N // From eq ’ n 2
9 Lad=Lcd*tand(alpha) //m // Lad i s the d i s t a n c e fom pt

A to the p o i n t where the l i n e from the cg
i n t e r s e c t s the h o r i z o n t a l

10 Rb=(W*Lad)/Lob //N // Taking sum o f moment abt A
11 Xa=Rb //N // From eq ’ n 1
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12 // R e s u l t s
13 clc

14 printf( ’ The h o r i z o n t a l r e a c t i o n at A i . e Xa i s %f N
\n ’ ,Xa)

15 printf( ’ The v e r t i c a l r e a c t i o n at A i . e Ya i s %f N \n
’ ,Ya)

16 printf( ’ The r e a c t i o n at B i . e Rb i s %f N \n ’ ,Rb)

Scilab code Exa 5.6 Equations of Equilibrium

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 d=0.09 //m // d iamet r e o f the r i g h t c i r c u l a r c y l i n d e r
3 h=0.12 //m // h e i g h t o f the c y i n d e r
4 W=10 //N // s e l f we ight o f the bar
5 l=0.24 //m // l e n g t h o f the bar
6 // C a l c u l a t i o n s
7 theta=atand(h/d) // a n g l e which the bar makes with

the h o r i z o n t a l
8 Lad=sqrt(d^2+h^2) //m // Lad i s the l e n g t h o f the

bar from p o i n t A to p o i n t B
9 Rd=(W*h*cosd(theta))/Lad //N // Taking moment at A

10 Xa=Rd*sind(theta) //N // sum Fx = 0 . . . . From eq ’ n 1
11 Ya=W-(Rd*cosd(theta)) //N // sum Fy = 0 . . . . . From eq ’ n

2
12 Ra=sqrt(Xa^2+Ya^2) // r e s u l t a n t o f Xa & Ya
13 // R e s u l t s
14 clc

15 printf( ’ The h o r i z o n t a l r e a c t i o n at A i . e Xa i s %f N
\n ’ ,Xa)

16 printf( ’ The v e r t i c a l r e a c t i o n at A i . e Ya i s %f N \n
’ ,Ya)

17 printf( ’ T h e r e f o r e the r e a c t i o n at A i . e Ra i s %f N \
n ’ ,Ra)

18 printf( ’ The r e a c t i o n at D i . e Rd i s %f N \n ’ ,Rd)
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Chapter 6

Friction

Scilab code Exa 6.1 Friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=5 // kg // mass o f the bock
3 g=9.81 // m/ s ˆ2 // a c c e l e r a t i o n due to g r a v i t y
4 theta =15 // d e g r e e // a n g l e made by the f o r c e s ( P1 &

P2 ) with the h o r i z o n t a l o f the b l o c k
5 mu=0.4 // 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
6 // C a l c u l a t i o n s
7 // Case 1 . Where P1 i s the f o r c e r e q u i r e d to j u s t

p u l l the bock
8 // S o l v i n g eqn ’ s 1 & 2 u s i n g matr ix
9 A=[cosd(theta) -mu;sind(theta) 1]

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

11 C=inv(A)*B

12 // C a l c u l a t i o n s
13 // Case 2 . Where P2 i s the f o r c e r e q u i r e d to push

the b l o c k
14 // S o l v i n g eqn ’ s 1 & 2 u s i n g matr ix
15 P=[-cosd(theta) mu;-sind(theta) 1]

16 Q=[0;(m*g)]

17 R=inv(P)*Q

18 // R e s u l t s
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19 clc

20 printf( ’ The r e q u i r e d p u l l f o r c e P1 i s %f N \n ’ ,C(1))
21 printf( ’ The r e q u i r e d push f o r c e P2 i s %f N \n ’ ,R(1))

Scilab code Exa 6.4 Friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=50 // N // we ight o f the f i r s t b l o c k
3 W2=50 // N // we ight o f the second b l o c k
4 mu_1 =0.3 // c o e f f i c i e n t o f f r i c t i o n between the

i n c l i n e d p l ane and W1
5 mu_2 =0.2 // c o e f f i c i e n t o f f r i c t i o n between the

i n c l i n e d p l ane and W2
6 // C a l c u l a t i o n s
7 // On adding eq ’ ns 1&3 and s u b s t u t i n g the v a l u e s o f

N1 & N2 from eqn ’ s 2&4 i n t h i s and on s o l v i n g f o r
a lpha we get ,

8 alpha=atand ((( mu_1*W1)+(mu_2*W2))/(W1+W2)) //
d e g r e e s

9 // R e s u l t s
10 clc

11 printf( ’ The i n c l i n a t i o n o f the p l ane i s %f d e g r e e \n
’ ,alpha)

Scilab code Exa 6.7 Friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M=2000 // kg // mass o f the c a r
3 mu=0.3 // 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 between the

t y r e and the road
4 g=9.81 // m/ s ˆ2 // acc . due to g r a v i t y
5 // C a l c u l a t i o n s
6 // Div ide eqn 1 by eqn 2 , We g e t

39



7 theta=atand(mu) // d e g r e e
8 // R e s u l t s
9 clc

10 printf( ’ The a n g l e o f i n c l i n a t i o n i s %f d e g r e e \n ’ ,
theta)

Scilab code Exa 6.9 Friction

1 // I n i t i l i z a t i o n o f v a r i a b e s
2 Wa=1000 //N // we ight o f b l o c k A
3 Wb=500 //N // we ight o f b l o c k B
4 theta =15 // d e g r e e // a n g l e o f the wedge
5 mu=0.2 // c o e f f i c i e n t o f f r i c t i o n between the

s u r f a c e s i n c o n t a c t
6 phi =7.5 // d e g r e e s // used i n c a s e 2
7 pie =3.14

8 // C a c u l a t i o n s
9 // CASE ( a )
10 // c o n s i d e r the e q u i l i b r i u m o f upper b l o c k A
11 // r e a r r a n g i n g eq ’ ns 1 &2 and s o l v i n g them u s i n g

matr ix f o r N1 & N2
12 A=[1 -0.4522; -0.2 0.914]

13 B=[0;1000]

14 C=inv(A)*B

15 // Now c o n s i d e r the e q u i l i b r i u m o f l owe r b l o c k B
16 // From eq ’ n 4
17 N3=Wb+(C(2)*cosd(theta))-(mu*C(2)*sind(theta)) //N
18 // Now from eq ’ n 3
19 P=(mu*N3)+(mu*C(2)*cosd(theta))+(C(2)*sind(theta))

// N
20 // CASE ( b )
21 // The eq ’ n f o r r e q u i r e d c o e f f i c i e n t f o r the wedge

to be s e l f l o c k i n g i s ,
22 mu_req =( theta*pie)/(360) // m u l t i p l y i n g with ( p i e

/180) to c o n v e r t i t i n t o r a d i a n s
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23 // R e s u l t s
24 clc

25 printf( ’ The minimum h o r i z o n t a l f o r c e (P) which
shou ld be a p p l i e d to r a i s e the b l o c k i s %f N \n ’ ,
P)

26 printf( ’ The r e q u i r e d c o e f f i c i e n t f o r the wedge to be
s e l f l o c k i n g i s %f \n ’ ,mu_req)

Scilab code Exa 6.13 Friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=100 //N // f o r c e a c t i n g at 0 . 2 m from A
3 Q=200 //N // f o r c e a c t i n g at any d i s t a n c e x from B
4 l=1 //m // l e n g t h o f the bar
5 theta =45 // d e g r e e // a n g l e made by the normal

r e a c t i o n at A&B with h o r i z o n t a l
6 // C a l c u l a t i o n s
7 // s o l v i n g eqn ’ s 1 & 2 u s i n g matr ix f o r Ra & Rb ,
8 A=[1 -1;sind(theta) sind(theta)]

9 B=[0;(P+Q)]

10 C=inv(A)*B

11 // Now take moment about B
12 x=((C(1)*l*sind(theta))-(P*(l -0.2)))/200 //m // he r e

0 . 2 i s the d i s t a n c e where 100 N load l i e s from A
13 // R e s u l t s
14 clc

15 printf( ’ The minimum v a l u e o f x at which the l oad Q
=200 N may be a p p l i e d b e f o r e s l i p p i n g impends i s
%f m \n ’ ,x)
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Chapter 7

Application of friction

Scilab code Exa 7.1 Application of Friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 d1=24 // cm // d iamete r o f l a r g e r p u l l e y
3 d2=12 // cm // d iamete r o f s m a l l e r p u l l e y
4 d=30 //cm // s e p e r a t i o n betweem 1 s t & the 2nd p u l l e y
5 pie =3.14

6 // C a l c u a t i o n s
7 r1=d1/2 //cm // r a d i u s o f 1 s t p u l l e y
8 r2=d2/2 //cm // r a d i u s o f 2nd p u l l e y
9 theta=asind ((r1-r2)/d) // d e g r e e s
10 // Angle o f l a p
11 beta_1 =180+(2* theta) // d e g r e e // f o r l a r g e r p u l l e y
12 beta_2 =180 -(2* theta) // d e g r e e // f o r s m a l l e r p u l l e y
13 L=pie*(r1+r2)+(2*d)+((r1 -r2)^2/d) //cm // Length o f

the b e l t
14 // R e s u l t s
15 clc

16 printf( ’ The a n g l e o f l ap f o r the l a r g e r p u l l e y i s %f
d e g r e e \n ’ ,beta_1)

17 printf( ’ The a n g l e o f l ap f o r the s m a l l e r p u l l e y i s
%f d e g r e e \n ’ ,beta_2)

18 printf( ’ The l e n g t h o f p u l l e y r e q u i r e d i s %f cm \n ’ ,L
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)

Scilab code Exa 7.2 Application of Friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 d1=0.6 //m // d iamete r o f l a r g e r p u l l e y
3 d2=0.3 //m // d iamete r o f s m a l l e r p u l l e y
4 d=3.5 //m // s e p a r a t i o n between the p u l l e y s
5 pie =3.14

6 // C a l c u l a t i o n s
7 r1=d1/2 //m // r a d i u s o f l a r g e r p u l l e y
8 r2=d2/2 //m // r a d i u s o f s m a l l e r p u l l e y
9 theta=asind ((r1+r2)/d) // d e g r e e
10 // Angle o f l a p f o r both the p u l l e y s i s same , i . e
11 beta =180+(2* theta) // d e g r e e
12 L=((pie*(r1+r2))+(2*d)+((r1-r2)^2/d)) //cm // Length

o f the b e l t
13 // R e s u l t s
14 clc

15 printf( ’ The a n g l e o f l ap f o r the p u l l e y i s %f d e g r e e
\n ’ ,beta)

16 printf( ’ The l e n g t h o f p u l l e y r e q u i r e d i s %f m \n ’ ,L)

Scilab code Exa 7.4 Belt friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=1000 //N
3 mu=0.25 // c o e f f i c i e n t o f f r i c t i o n
4 pie =3.14

5 beta=pie

6 T1=W1 // Tens ion i n the 1 s t b e l t c a r r y i n g W1
7 e=2.718 // c o n s t a n t
8 // C a l c u l a t i o n s
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9 T2=T1/(e^(mu*beta)) //N // Tens ion i n the 2nd b e l t
10 W2=T2 //N
11 // R e s u l t s
12 clc

13 printf( ’ The minimum weight W2 to keep W1 i n
e q u i l i b r i u m i s %f N \n ’ ,W2)

Scilab code Exa 7.5 Belt friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 mu=0.5 // c o e f f i c i e n t o f f r i c t i o n between the b e l t

and the whee l
3 W=100 //N
4 theta =45 // d e g r e e
5 e=2.718

6 Lac =0.75 //m // ength o f the l e v e r
7 Lab =0.25 //m
8 Lbc =0.50 //m
9 r=0.25 //m

10 pie =3.14 // c o n s t a n t
11 // C a l c u l a t i o n s
12 beta =((180+ theta)*pie)/180 // r a d i a n // a n g l e o f l ap
13 // from eq ’ n 2
14 T1=(W*Lbc)/Lab //N
15 T2=T1/(e^(mu*beta)) //N // from eq ’ n 1
16 // c o n s i d e r the F .B .D o f the p u l l e y and take moment

about i t s c e n t e r , we g e t Brak ing Moment (M)
17 M=r*(T1-T2) //N−m
18 // R e s u l t s
19 clc

20 printf( ’ The b rak ing moment (M) e x e r t e d by the
v e r t i c a l we ight W i s %f N−m \n ’ ,M)
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Scilab code Exa 7.6 belt friction

1 // I n i t i i z a t i o n o f v a r i a b l e s
2 W= 1000 //N // or 1kN
3 mu=0.3 // c o e f f i c i e n t o f f r i c t i o n between the rope

and the c y l i n d e r
4 e=2.718 // c o n s t a n t
5 pie =3.14 // c o n s t a n t
6 alpha =90 // d e g r e e // s i n c e 2∗ a lpha =180 e g r e e
7 // C a l c u l a t i o n s
8 beta =2*pie*3 // r a d i a n // f o r 3 turn o f the rope
9 // Here T1 i s the l a r g e r t e n s i o n i n tha t s e c t i o n o f

the rope which i s about to s l i p
10 T1=W //N
11 F=W/e^(mu*(1/( sind(alpha)))*(beta)) //N // Here T2=F
12 // R e s u l t s
13 clc

14 printf( ’ The f o r c e r e q u i r e d to s u p o r t the we ight o f
1000 N i . e 1kN i s %f N \n ’ ,F)

Scilab code Exa 7.7 belt friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Pw=50 //kW
3 T_max =1500 //N
4 v=10 // m/ s // v e l o c i t y o f rope
5 w=4 // N/m // we ight o f rope
6 mu=0.2 // c o e f f i c i e n t o f f r i c t i o n
7 g=9.81 // m/ s ˆ2 // a c c e l e r a t i o n due to g r a v i t y
8 e=2.718 // c o n s t a n t
9 pie =3.14 // c o n s t a n t

10 alpha =30 // d e g r e e // s i n c e 2∗ a lpha =60
11 // C a l c u a t i o n s
12 beta=pie // r a d i a n // a n g l e o f l ap
13 T_e=(w*v^2)/g // N // where T e i s the c e n t r i f u g a l
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t e n s i o n
14 T1=( T_max)-(T_e) //N
15 T2=T1/(e^(mu*(1/ sind(alpha))*(beta))) //N // From eq

’ n T1/T2=e ˆ(mu∗ c o s e c ( a lpha ) ∗ beta )
16 P=(T1-T2)*v*(10^ -3) //kW // power t r a n s m i t t e d by a

s i n g l e rope
17 N=Pw/P // Number o f r o p e s r e q u i r e d
18 // R e s u l t s
19 clc

20 printf( ’ The number o f r o p e s r e q u i r e d to t r a n s m i t 50
kW i s %f Nos \n ’ ,N)

21 // approx no o f r o p e s i s 5

Scilab code Exa 7.8 belt friction

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 d1=0.45 //m // d iamete r o f l a r g e r p u l l e y
3 d2=0.20 //m // d iamete r o f s m a l l e r p u l l e y
4 d=1.95 //m // s e p a r a t i o n between the p u l l e y ’ s
5 T_max =1000 //N // or 1kN which i s the maximum

p e r m i s s i b l e t e n s i o n
6 mu=0.20 // c o e f f i c i e n t o f f r i c t i o n
7 N=100 // r . p .m // speed o f l a r g e r p u l l e y
8 e=2.718 // c o n s t a n t
9 pie =3.14 // c o n s t a n t

10 T_e=0 //N // as the data f o r c a l c u l a t i n g T e i s not
g i v e n we assume T e=0

11 // C a l c u l a t i o n s
12 r1=d1/2 //m // r a d i u s o f l a r g e r p u l l e y
13 r2=d2/2 //m // r a d i u s o f s m a l l e r p u l l e y
14 theta=asind ((r1+r2)/d) // d e g r e e
15 // f o r c r o s s d r i v e the a n g l e o f l ap f o r both the

p u l l e y s i s same
16 beta =((180+(2*( theta)))*pie)/180 // r a d i a n
17 T1=T_max -T_e //N
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18 T2=T1/(e^(mu*(beta))) //N // from formulae , T1/T2=e
ˆ(mu∗ beta )

19 v=((2* pie)*N*r1)/60 // m/ s // where v=v e l o c i t y o f
b e l t which i s g i v e n as , v=wr=2∗ p i e ∗N∗ r /60

20 P=(T1-T2)*v*(10^ -3) //kW // Power
21 // R e s u l t s
22 clc

23 printf( ’ The power t r a n s m i t t e d by the c r o s s b e l t
d r i v e i s %f kW \n ’ ,P)

24 // the approx answer i s 1 . 3 kW The answer g i v e n i n
the book ( i . e 1 . 8 1kW) i s wrong .

Scilab code Exa 7.9 belt friction

1 // I n i t i l i z a t i o n o f v a r i a b e s
2 b=0.1 //m // width o f the b e l t
3 t=0.008 //m // t h i c k n e s s o f the b e l t
4 v=26.67 // m/ s // b e l t speed
5 pie =3.14 // c o n s t a n t
6 beta =165 // r a d i a n // a n g l e o f l ap f o r the s m a l l e r

b e l t
7 mu=0.3 // c o e f f i c i e n t o f f r i c t i o n
8 sigma_max =2 // MN/mˆ2 // maximum p e r m i s s i b l e s t r e s s

i n the b e l t
9 m=0.9 // kg /m // mass o f the b e l t

10 g=9.81 // m/ s ˆ2
11 e=2.718 // c o n s t a n t
12 // C a l c u l a t i o n s
13 A=b*t // mˆ2 // c r o s s−s e c t i o n a l a r ea o f the b e l t
14 T_e=m*v^2 // N // where T e i s the C e n t r i f u g a l

t e n s i o n
15 T_max=( sigma_max)*(A)*(10^6) // N // maximum t e n s i o n

i n the b e l t
16 T1=( T_max)-(T_e) // N
17 T2=T1/(e^((mu*pie*beta)/180)) //N // from fo rmu la e
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T1/T2=e ˆ(mu∗ beta )
18 P=(T1-T2)*v*(10^ -3) //kW // Power t r a n s m i t t e d
19 T_o=(T1+T2)/2 // N // I n i t i a l t e n s i o n
20 // Now c a l c u l a t i o n s to t r a n s m i t maximum power
21 Te=T_max/3 // N // max t e n s i o n
22 u=sqrt(T_max /(3*m)) // m/ s // b e l t speed f o r max

power
23 T_1=T_max -Te // N // T1 f o r c a s e 2
24 T_2=T_1/(e^((mu*pie*beta)/180)) // N
25 P_max=(T_1 -T_2)*u*(10^ -3) // kW // Max power

t r a n s m i t t e d
26 // R e s u l t s
27 clc

28 printf( ’ The i n i t i a l power t r a n s m i t t e d i s %f kW \n ’ ,P
)

29 printf( ’ The i n i t i a l t e n s i o n i n the b e l t i s %f N \n ’ ,
T_o)

30 printf( ’ The maximum power tha t can be t r a n s m i t t e d i s
%f kW \n ’ ,P_max)

31 printf( ’ The maximum power i s t r a n s m i t t e d at a b e l t
speed o f %f m/ s \n ’ ,u)

Scilab code Exa 7.10 Friction in a square threaded screw

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 p=0.0125 // m // p i t c h o f s c rew
3 d=0.1 //m // d iamete r o f the sc rew
4 r=0.05 //m // r a d i u s o f the sc rew
5 l=0.5 //m // l e n g t h o f the l e v e r
6 W=50 //kN // l oad on the l e v e r
7 mu=0.20 // c o e f f i c i e n t o f f r i c t i o n
8 pie =3.14 // c o n s t a n t
9 // C a l c u l a t i o n s

10 theta=atand(p/(2* pie*r)) // d e g r e e // t h e t a i s the
H e l i x a n g l e
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11 phi=atand(mu) // d e g r e e // ph i i s the a n g l e o f
f r i c t i o n

12 // Taking the l e v e r a g e due to hand le i n t o account ,
f o r c e F1 r e q u i r e d i s ,

13 F1=(W*(tand(theta+phi)))*(r/l) //kN
14 // To lowe r the l oad
15 F2=(W*(tand(theta -phi)))*(r/l) //kN // −ve s i g n o f

F2 i n d i c a t e s f o r c e r e q u i r e d i s i n o p p o s i t e s e n s e
16 E=(tand(theta)/tand(theta+phi))*100 // % // he r e E=

ea ta=e f f i c i e n c y i n %
17 // R e s u l t s
18 clc

19 printf( ’ The f o r c e r e q u i r e d ( i . e F1 ) to r a i s e the
we ight i s %f kN \n ’ ,F1)

20 printf( ’ The f o r c e r e q u i r e d ( i . e F2 ) to l owe r the
we ight i s %f kN \n ’ ,F2)

21 printf( ’ The e f f i c i e n c y o f the j a c k i s %f p e r c e n t \n ’
,E)

Scilab code Exa 7.11 Application of Friction

1 // I n i t i l i z a t i o n o f v a r i a b e s
2 P=20000 //N // Weight o f the s h a f t
3 D=0.30 //m // d iamete r o f the s h a f t
4 R=0.15 //m // r a d i u s o f the s h a f t
5 mu=0.12 // c o e f f i c i e n t o f f r i c t i o n
6 // C a l c u l a t i o n s
7 // F r i c t i o n t o rq u e T i s g i v e n by formulae ,
8 T=(2/3)*P*R*mu //N−m
9 M=T //N−m

10 // R e s u l t s
11 clc

12 printf( ’ The f r i c t i o n a l t o rq u e i s %f N−m \n ’ ,M)
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Chapter 8

Simple Lifting Machines

Scilab code Exa 8.1 Simple Machine

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 V.R=6 // V e l o c i t y r a t i o
3 P=20 //N // E f f o r t
4 W=100 //N // Load l i f t e d
5 // C a l c u l a t i o n s
6 // ( a )
7 P_actual=P //N
8 W_actual=W //N
9 M.A=W/P // where , M.A= Mechan ica l advantage

10 E=(M.A/V.R)*100 //% // Where E= e f f i c i e n c y
11 // ( b )
12 // Now i d e a l e f f o r t r e q u i r e d i s ,
13 P_ideal=W/V.R //N
14 // E f f o r t l o s s i n f r i c t i o n i s , ( Le )
15 Le=P_actual -P_ideal //N // E f f o r t l o s s i n f r i c t i o n
16 // ( c )
17 // I d e a l l o ad l i f t e d i s , ( W idea l )
18 W_ideal=P*V.R //N
19 // F r i c t i o n a l l oad / r e s i s t a n c e ,
20 F=W_ideal -W_actual // N
21 // R e s u l t s
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22 clc

23 printf( ’ ( a ) The e f f i c i e n c y o f the machine i s %f
p e r c e n t \n ’ ,E)

24 printf( ’ ( b ) The e f f o r t l o s s i n f r i c t i o n o f the
machine i s %f N \n ’ ,Le)

25 printf( ’ ( c ) The F r i c t i o n a l l o ad o f the machine i s %f
N \n ’ ,F)

Scilab code Exa 8.2 Simple machines performance

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 V_r =20 // V e l o c i t y r a t i o
3 // Values from the t a b l e // V a r i a b l e s have been

assumed
4 // Values o f W i n N
5 W=[30;40;50;60;70;80;90;100]

6 // P i n N
7 P=[7;8.5;10;11.5;13.5;14.5;16;17.5]

8 M.A=[W(1)/P(1);W(2)/P(2);W(3)/P(3);W(4)/P(4);W(5)/P

(5);W(6)/P(6);W(7)/P(7);W(8)/P(8)]

9 // E f f i c i e n c y ( n )
10 n=(V_r^-1)*[M.A(1);M.A(2);M.A(3);M.A(4);M.A(5);M.A

(6);M.A(7);M.A(8) ]*100 // %
11 // C a l c u l a t i o n s
12 // Part ( a )− R e a l t i o n s h i p between W & P
13 // Here pa r t a cannot be s o l v e d as i t has v a r i a b l e s

which cannot be d e f i n e d i n S c i l a b . Ref . t ex tbook
f o r the s o l u t i o n

14 // Part ( b )− Graph between W & e f f i c i e n c y n ( e t a )
15 x=[0;W(1);W(2);W(3);W(4);W(5);W(6);W(7);W(8)] //

v a l u e s f o r W // N
16 y=[0;n(1);n(2);n(3);n(4);n(5);n(6);n(7);n(8)] //

v a l u e s f o r e f f i c i e n c y n ( e t a ) // %
17 subplot (221)

18 xlabel(”W (N) ”)
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19 ylabel(” e f f i c i e n c y n (%) ”)
20 plot(x,y)

21 // R e s u l t s
22 clc

23 printf( ’ The graph i s the s o l u t i o n ’ )
24 // The v a l u e o f m i s found by drawing s t r a i g h t l i n e

on the graph and by t a k i n g i t s s l o p e . Ref
t ex tbook f o r the s o l u t i o n

25 // The curve o f the graph may d i f f e r from tex tbook
because o f the g r a p h i c a l c a l c u l a t i o n .

Scilab code Exa 8.3 Performance of Machine

1 // C a l c u l a t i o n s
2 W_actual =1360 //N // Load l i f t e d
3 P_actual =100 //N // E f f o r t
4 n=4 // no o f p u l l e y s
5 // C a l c u l a t i o n s
6 // f o r 1 s t system o f p u l l e y s hav ing 4 movable

p u l l e y s , V e l o c i t y r a t i o i s
7 V.R=2^(n) // V e l o c i t y Rat io
8 // I f the machine were to be i d e a l ( f r i c t i o n l e s s )
9 M.A=V.R // Here , M.A= mechan i ca l advantage

10 // For a l oad o f 1360 N, i d e a l e f f o r t r e q u i r e d i s
11 P_ideal=W_actual/V.R //N
12 // E f f o r t l o s s i n f r i c t i o n i s ,
13 P_friction=P_actual -P_ideal //N
14 // For a e f f o r t o f 100 N, i d e a l l o ad l i f t e d i s ,
15 W_ideal=V.R*100 //N
16 // Load l o s t i n f r i c t i o n i s ,
17 W_friction=W_ideal -W_actual // N
18 // R e s u l t s
19 clc

20 printf( ’ ( a ) The e f f o r t wasted i n f r i c t i o n i s %f N \n
’ ,P_friction)
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21 printf( ’ ( b ) The l oad wasted i n f r i c t i o n i s %f N \n ’ ,
W_friction)

Scilab code Exa 8.4 Performance of a machine

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 //N // Load to be l i f t e d
3 n=5 // no . o f p u l l e y s
4 E=75 //% // E f f i c i e n c y
5 // C a l c u l a t i o n s
6 // V e l o c i t y Rat io i s g i v e n as ,
7 V.R=n

8 // Mechan ica l Advantage (M.A) i s ,
9 M.A=(E/100)*V.R // from formulae , E f f i c i e n c y=E=M.A/V

.R
10 P=W/M.A //N // E f f o r t r e q u i r e d
11 // R e s u l t s
12 clc

13 printf( ’ The e f f o r t r e q u i r e d to l i f t the l oad o f 1000
N i s %f N \n ’ ,P)

Scilab code Exa 8.5 Simple screw jack

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=2000 //N // Load to be r a i s e d
3 l=0.70 //m // l e n g t h o f the hand l e
4 d=0.05 //m // d iamete r o f the sc rew
5 p=0.01 //m // p i t c h o f the sc rew
6 mu=0.15 // c o e f f i c i e n t o f f r i c t i o n at the sc rew

thr ead
7 pie =3.14 // c o n s t a n t
8 E=1 // e f f i c i e n c y
9 // C a l c u l a t i o n s
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10 phi=atand(mu) // d e g r e e
11 theta=atand(p/(pie*d)) // d e g r e e // where t h e t a i s

the H e l i x a n g l e
12 // Force r e q u i r e d at the c i r c u m f e r e n c e o f the sc rew

i s ,
13 P=W*tand(theta+phi) // N //
14 // Force r e q u i r e d at the end o f the hand le i s ,
15 F=(P*(d/2))/l //N
16 // Force r e q u i r e d ( I d e a l c a s e )
17 V.R=2*pie*l/p

18 M.A=E*V.R // from fo rmu la e E=M.A/V,R
19 P_ideal=W/M.A //N // From formulae , M.A=W/P
20 // R e s u l t s
21 clc

22 printf( ’ The f o r c e r e q u i r e d at the end o f the hand le
i s %f N \n ’ ,F)

23 printf( ’ The f o r c e r e q u i r e d i f the sc rew j a c k i s
c o n s i d e r e d to be an i d e a l machine i s %f N \n ’ ,
P_ideal)
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Chapter 9

Analysis of Plane Trusses and
Frames

Scilab code Exa 9.1 Axial forces in members of Truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=2000 //N // l oad at j o i n t D o f the t r u s s
3 W2=4000 //N // l oad at j o i n t E o f the t r u s s
4 Lac=6 //m // l e n g t h o f the t i e
5 Lab=3 //m
6 Lbc=3 //m
7 theta =60 // d e g r e e // i n t e r i o r a n g l e s o f the t r u s s
8 // C a l c u l a t i o n s
9 // Here A i s s imp ly suppor t ed & B i s r o l l e r suppor t

. Now the SUPPORT REACTIONS a r e g i v e n as ,
10 Rc=((W1*(Lab/2))+(W2*(Lab+(Lbc /2))))/Lac //N //

Taking moment at A
11 Ra=W1+W2-Rc //N // Take sum Fy=0
12 // ANALYSIS OF TRUSS BY METHOD OF JOINT
13 // ASSUMPTION− we c o n s i d e r the , ( 1 ) Fo r c e s moving

towards each o t h e r as +ve i . e TENSILE (T) & ( 2 )
For c e s moving away from each o t h e r as −ve i . e
COMPRESSIVE (C)

14 // ( 1 ) JOINT A
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15 Fad=Ra/(sind(theta)) //N //(C) // Using eq ’ n 2
16 Fab=Fad*cosd(theta) //N // (T) // Using eq ’ n 1
17 // ( 2 ) JOINT C
18 Fce=Rc/(sind(theta)) //N // (C) // Using eq ’ n 4
19 Fcb=Fce*cosd(theta) //N // (T) // Using eq ’ n 3
20 // ( 3 ) JOINT D
21 Fdb =((Fad*sind(theta)) -(W1))/sind(theta) //N // (T)

// Using eq ’ n 6
22 Fde=(Fdb*cosd(theta))+(Fad*cosd(theta)) //N // (C)

// Using eq ’ n 5
23 // ( 4 ) JOINT E
24 Feb =((Fce*cosd(theta)) -(Fde))/cosd(theta) //N // (C)

// Using eq ’ n 7
25 // R e s u l t s
26 clc

27 printf( ’ The Ax ia l Force i n member AD ( Fad ) i s %f N \
n ’ ,Fad)

28 printf( ’ The Ax ia l Force i n member AB ( Fab ) i s %f N \
n ’ ,Fab)

29 printf( ’ The Ax ia l Force i n member CE ( Fce ) i s %f N \
n ’ ,Fce)

30 printf( ’ The Ax ia l Force i n member CB ( Fcb ) i s %f N \
n ’ ,Fcb)

31 printf( ’ The Ax ia l Force i n member DB ( Fdb ) i s %f N \
n ’ ,Fdb)

32 printf( ’ The Ax ia l Force i n member DE ( Fde ) i s %f N \
n ’ ,Fde)

33 printf( ’ The Ax ia l Force i n member EB ( Feb ) i s %f N \
n ’ ,Feb)

Scilab code Exa 9.2 axial forces in members of truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=2000 //N ( or 2 kN) // l oad at j o i n t D o f the t r u s s
3 W2=4000 //N ( or 4 kN) // l oad at j o i n t E o f the t r u s s
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4 Lac=6 //m // l e n g t h o f the t i e
5 Lab=3 //m
6 Lbc=3 //m
7 theta =60 // d e g r e e // i n t e r i o r a n g l e s o f the t r u s s
8 // C a l c u l a t i o n s
9 // Here A i s s imp ly suppor t ed & B i s r o l l e r suppor t

. Now the SUPPORT REACTIONS a r e g i v e n as ,
10 Rc=((W1*(Lab/2))+(W2*(Lab+(Lbc /2))))/Lac //N //

Taking moment at A
11 Ra=W1+W2-Rc //N // Take sum Fy=0
12 // C a l c u l a t i o n s
13 // C a l c u l a t i n g the a x i a l f o r c e s i n the r e s p e c t i v e

members by METHOD OF SECTION
14 // A s e c t i o n i s drawn p a s s i n g through member DE such

tha t i t c u t s the r e s p e c t i v e member . Now c o n s i d e r
the e q u i l i b r i u m o f the l e f t hand p o r t i o n o f the

t r u s s . The t h r e e unknown f o r c e s a r e Fde , Fdb , &
Fab

15 // Take moment about B
16 Fde =((3* Ra) -(W1*Lab*sind (30)))/(3* cosd (30)) //N // (

T)
17 // R e s u l t s
18 clc

19 printf( ’ The a x i a l f o r c e i n the member DE ( Fde ) i s %f
N \n ’ ,Fde)

Scilab code Exa 9.3 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1 //kN // l oad on the t r u s s at j o i n t D
3 theta =45 // d e g r e e // a n g l e made by the members AC &

BD with the h o r i z o n t a l
4 Lab=1 //m
5 Lcd=1 //m // he r e Lcd= the d i s t a n c e from B to the

l i n e o f e x t e n s i o n drawn from 1kN f o r c e on the
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h o r i z o n t a l
6 // C a l c u l a t i o n s
7 // ( 1 ) JOINT E
8 // Here the j o i n t E i s i n e q u i l i b r i u m under two

f o r c e s Fec & Fed which a r e non−c o l l i n e a r . Hence
they must be 0 . i . e Fec=Fed=0

9 Fec=0

10 Fed=0

11 // ( 2 ) JOINT D
12 Fdb=W/sind(theta) // kN // (C) // sum Fy=0
13 Fdc=Fdb*cosd(theta) // kN // (T) // sum Fx=0
14 // ( 3 ) JOINT C
15 Fca=Fdc/sind(theta) // kN // (T) // sum Fx=0
16 Fcb=-(Fca*sind(theta)) // kN // (C) // sum Fy=0
17 // R e s u l t s
18 clc

19 printf( ’ The a x i a l f o r c e i n the member DC ( Fdc ) i s %f
kN \n ’ ,Fdc)

20 printf( ’ The a x i a l f o r c e i n the member DB ( Fdb ) i s %f
kN \n ’ ,Fdb)

21 printf( ’ The a x i a l f o r c e i n the member CA ( Fca ) i s %f
kN \n ’ ,Fca)

22 printf( ’ The a x i a l f o r c e i n the member CB ( Fcb ) i s %f
kN \n ’ ,Fcb)

23 printf( ’ The a x i a l f o r c e i n the member EC ( Fec ) i s %f
kN \n ’ ,Fec)

24 printf( ’ The a x i a l f o r c e i n the member ED ( Fed ) i s %f
kN \n ’ ,Fed)

25 // Here −ve s i g n i n d i c a t e s COMPRESSIVE f o r c e & +ve
i n d i c a t e s TENSILE f o r c e

Scilab code Exa 9.5 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=1000 //N // Load a c t i n g at the end p a n n e l s and
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the r i d g e
3 W2=2000 //N // Load a c t i n g at the i n t e r m i d i a t e

p a n n e l s
4 Laf=1 //m
5 Lgf=1 //m
6 Lag=2 //m
7 Lbg=1 //m
8 Lab=3 //m
9 theta =30 // d e g r e e // a n g l e made by the p r i n c i p a l

r a f t e r with the t i e beam
10 beta =60 // d e g r e e // a n g l e made by the s l i n g s ( i . e

members CF & CG) with the t i e beam
11 // C a l c u l a t i o n s
12 // c o n s i d e r the e q u i l i b r i u m o f the e n t i r e t r u s s as a

F .B .D
13 Xa=2*(W1*sind(theta))+(W2*sind(theta)) //N // sum Fx

=0
14 Rb=((W2*Laf*cosd(theta))+(W1*Lag*cosd(theta)))/Lab

// N // Moment at A=0
15 Ya=2*(W1*cosd(theta))+(W2*cosd(theta)) -(Rb) //N //

sum Fy=0
16 // Now pas s a s e c t i o n through the t r u s s such tha t i t

c u t s the members CE,CG & FG. Now c o n s i d e r the
e q u i l i b r i u m o f the r i g h t hand s i d e o f the t r u s s

17 // Take moment about C
18 Ffg=(Rb*(Lbg +0.5))/(0.5* tand(beta)) // N // (T) //

Here 0 . 5 i s the h a l f d i s t a n c e o f Lgf
19 // Take moment about G
20 Fce=(-Rb*Lbg)/(Lbg*sind(theta)) // N // (C)
21 // Take moment about B
22 Fcg =0/( Lbg*sind(beta)) // N
23 // R e s u l t s
24 clc

25 printf( ’ The a x i a l f o r c e i n the member FG ( Ffg ) i s %f
N \n ’ ,Ffg)

26 printf( ’ The a x i a l f o r c e i n the member CE ( Fce ) i s %f
N \n ’ ,Fce)

27 printf( ’ The a x i a l f o r c e i n the member CG ( Fcg ) i s %f
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N \n ’ ,Fcg)

Scilab code Exa 9.6 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=100 //N // l oad a c t i n g at pt . C v e r t i c a l l y
3 W2=50 //N // l oad a c t i n g at p o i n t B h o r i z o n t a l y
4 L=2 //m // l e n g t h o f each bar i n the hexagona l t r u s s
5 theta =60 // d e g r e e // i n t e r n a l a n g l e o f the t r u s s
6 // C a l c u l a t i o n s
7 // We c a l c u l a t e the v a l u e s o f d i f f e r e n t members o f

the t r u s s
8 HG=L*sind(theta)

9 AF=L

10 // Support A i s h inged whereas suppor t F i s a r o l l e r
suppor t . F i r s t l y we f i n d the suppor t r e a c t i o s as
f o l l o w s ,

11 Rf=(W2*HG)/AF //N // moment at F
12 Xa=W2 //N // sum Fx=0
13 Ya=W1-Rf //N // sum Fy=0
14 // Now pas s a s e c t i o n through the t r u s s c u t t i n g the

members CD,GD,GE & GF and c o n s i d e r e q u i l i b r i u m o f
r i g h t hand p o r t i o n o f the t r u s s

15 Fcd=(Rf*(L/2))/(L*sind(theta)) // N (C) // Taking
moment about G

16 // Now pas s a s c e t i o n pq c u t t i n g the members CB,GB &
GA

17 Fga =((Rf*(L+(L/2)))-(W1*(L/2)))/(L*sind(theta)) // N
(T) // Taking moment about B

18 // take moment about G
19 Fcb =((W1*(L/2))+(Rf*(L/2)))/(L*sind(theta)) // N (C)
20 Fgb=(Fcb*cosd(theta)) -(Fga*cosd(theta)) // N (T) //

sum Fx=0
21 // R e s u l t s
22 clc
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23 printf( ’ The a x i a l f o r c e i n the member CD ( Fcd ) i s %f
N \n ’ ,Fcd)

24 printf( ’ The a x i a l f o r c e i n the member GB ( Fgb ) i s %f
N \n ’ ,Fgb)

Scilab code Exa 9.10 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=24 // kN // Load a c t i n g at pt C
3 Laf =12 // m // l e n g t h o f the t i e beam
4 l=4 // m// l e n g t h o f each member i n the t i e
5 h=3 // m // h e i g h t o f the s l i n g s
6 Lae=8 // m
7 // C a l c u l a t i o n s
8 s=sqrt((l^2)+(h^2)) // m // s l o p i n g l e n g t h
9 // From t r i a n g l e BCD,

10 theta=acosd(h/s)

11 // SUPPORT REACTIONS
12 Rf=(W*l)/Laf // kN // take moment at A
13 Ra=W-Rf // kN // sum Fy=0
14 // now pas s a s e c t i o mn through the t r u s s and

c o n s i d e r t e e q u i l i b r i u m o f the l e f t hand p o r t i o n
15 Fce=(Ra*l)/h // kN (T) // Take moment at B
16 Fbd =((W*l) -(Ra*Lae))/h // kN (C) // take moment at E
17 Fbe=(Ra -W)/cosd(theta) // kN
18 Fbd=(-Ra*l)/h // kN // take moment at C
19 Fce =((Ra*Lae)-(W*l))/h // kN (T) // take moment at D
20 Fcd=(W-Ra)/cosd(theta) // kN (T) // sum Fy=0
21 // Resuts
22 clc

23 printf( ’ ( 1 ) The a x i a l f o r c e i n the bar CE ( Fce ) i s
%f kN \n ’ ,Fce)

24 printf( ’ ( 2 ) The a x i a l f o r c e i n the bar BD ( Fbd ) i s
%f kN \n ’ ,Fbd)

25 printf( ’ ( 3 ) The a x i a l f o r c e i n the bar BE ( Fbe ) i s
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%f kN \n ’ ,Fbe)
26 printf( ’ ( 4 ) The a x i a l f o r c e i n the bar CD ( Fcd ) i s

%f kN \n ’ ,Fcd)

Scilab code Exa 9.12 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=4 // kN // l oad a c t i n g at a d i s t a n c e o f 5 m from

C
3 W2=3 // kN // l oad a c t i n g at a d i s t a n c e o f 7 . 5 m

from C
4 L=30 //m // d i s t a n c e AB
5 L1=15 // d i s t AC
6 L2=15 //m // d i s t BC
7 l1=10 //m // d i s t a n c e between A and 4 kN load
8 l2=22.5 //m // d i s t a n c e between A and 3 kN load
9 // C a l c u l a t i o n s
10 // ( 1 ) R e a c t i o n s
11 Yb=((W1*l1)+(W2*l2))/L // kN // Take moment at A
12 Ya=W1+W2-Yb // kN // sum Fy=0
13 // Xa=Xb . . . . . . . . ( eq ’ n 1) // sum Fx=0
14 // ( 2 ) Dismember
15 // Member AC. Cons ide r e q u i l i b r i u m o f member AC
16 // Xa=Xc . . . Cons ide r thus as eq ’ n 2 // sum Fx=0
17 Yc=W1-Ya // kN // sum Fy=0
18 // Take moment about A
19 Xc=((W1*l1)-(Yc*L1))/L1 // kN
20 // now from eq ’ n 1 & 2
21 Xa=Xc // kN
22 Xb=Xa // kN
23 // The components o f r e a c t i o n s at A & B are ,
24 Ra=sqrt(Xa^2+Ya^2) // kN
25 Rb=sqrt(Xb^2+Yb^2) // kN
26 // R e s u l t s
27 clc
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28 printf( ’ The r e a c t i o n at A ( Ra) i s %f kN \n ’ ,Ra)
29 printf( ’ The r e a c t i o n at B ( Rb) i s %f kN \n ’ ,Rb)

Scilab code Exa 9.13 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=2 // kN // l oad a c t i n g at a d i s t a n c e o f 1m from

p o i n t A
3 W2=1 // kN // l oad a c t i n g at a d i s t a n c e o f 1m from

p o i n t B
4 theta =30 // d e g r e e
5 L=4 // m // l e n g t h o f the t i e beam
6 l=1 //m // l e n g t h o f each member i n the t i e
7 // C a l c u l a t i o n s
8 // ( a ) R e a c t i o n s
9 Yb=((W1*l)+(W2*3*l))/L // kN // Taking moment about

A
10 Ya=W1+W2-Yb // kN // sum Fy=0
11 // ( b ) Dismember
12 // MEMBER AB
13 // Xa=Xb . . . . . . . . ( eq ’ n 1) // sum Fx=0
14 // MEMBER AC
15 // Xa=Xc . . . . . . . . . ( eq ’ n 2) // sum Fx=0
16 Yc=W1-Ya // kN // sum Fy=0
17 // Taking moment about A
18 Xc=((W1*l)-(Yc*2*l))/(2* tand(theta)) // kN
19 // From eq ’ n 1 & 2
20 Xa=Xc // kN
21 Xb=Xa // kN
22 // R e s u l t s
23 clc

24 printf( ’ The f o r c e i n t i e bar AB i s %f kN \n ’ ,Xb)
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Scilab code Exa 9.14 Axial Forces in members of the truss

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 // N
3 r=0.25 // r a d i u s o f p u l l e y at E
4 Lab=2 //m
5 Lad=1 // m
6 Lbd=1 // m
7 Ldc =0.75 // m
8 l1=0.5 //m // c / c d i s t a n c e between bar AB and p o i n t

E
9 l2=1.25 // m // d i s t between r i g i d suppor t and the

we ight
10 // C a l c u l a t i o n s
11 // ( a ) R e a c t i o n s
12 Xa=W // N // sum Fx=0
13 Yb=((W*l1)+(W*l2))/Lab // N // Take moment about A
14 Ya=W-Yb // N // sum Fy=0
15 // Dismember
16 // MEMBER ADB
17 // c o n s i d e r t r i a n g l e BCD to f i n d theta , where s=

l e n g t h o f bar BC,
18 s=sqrt(Lbd ^2+ Ldc^2) // m
19 theta=acosd(Lbd/s) // d e g r e e
20 // e q u i l i b r i u m eq ’ n o f member ADB
21 Yd=(Ya*Lab)/Lad // take moment about B
22 Fbc=(Yb+Ya-Yd)/sind(theta) // N // sum Fy=0
23 Xd=(Fbc*cosd(theta))+(Xa) // N // sum Fx=0
24 // PIN D
25 Rd=sqrt(Xd^2+Yd^2) // N // s h e a r f o r c e on the p in
26 // R e s u l t s
27 clc

28 printf( ’ The c o m p r e s s i v e f o r c e i n bar BC ( Fbc ) i s %f
N \n ’ ,Fbc)

29 printf( ’ The s h e a r f o r c e on the p in i s %f N \n ’ ,Rd)
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Scilab code Exa 9.15 Axial Forces in members of the truss

1 // I n i t i l i z t i o n o f v a r i a b l e s
2 P=5000 // N
3 theta =45 // d e g r e e // a n g l e made by Rd & Re with the

h o r i z o n t a l
4 Lab=3 // m
5 Lac=3 // m
6 Lbd=2 // m
7 Lce=2 // m
8 l=1.5 // m // d i s t o f l oad P from B
9 // C a l c u l a t i o n s (BEAM AB )

10 // Cons ide r the e q u i l i b r i u m o f beams
11 // We a r e u s i n g matr ix to s o l v e the s i m u l t a n e o u s eqn

’ s
12 A=[(Lbd*sind(theta)) Lab;(Lce*sind(theta)) -Lac]

13 B=[(P*l) 0]

14 C=B*inv(A)

15 // C a l c u l a t i o n s (BEAM AC)
16 Re=C(1) // N (C) // from eq ’ n 1
17 Ya=(Re*Lce*sind(theta))/Lac // N // from eq ’ n 7
18 Xa=C(1)*cosd(theta) // N // from eq ’ n 2
19 Ra=sqrt(Xa^2+Ya^2) // N (C)
20 Yb=P-Ya -(C(1)*sind(theta)) // N (C) // eq ’ n 3
21 Yc=Ya -(Re*sind(theta)) // N (T)
22 // R e s u l t s
23 clc

24 printf( ’ ( 1 ) The v a l u e o f a x i a l f o r c e (Rd) i n bar 2
i s %f N \n ’ ,C(1))

25 printf( ’ ( 2 ) The v a l u e o f a x i a l f o r c e ( Re ) i n bar 3
i s %f N \n ’ ,Re)

26 printf( ’ ( 3 ) The v a l u e o f a x i a l f o r c e (Yb) i n bar 1
i s %f N \n ’ ,Yb)

27 printf( ’ ( 4 ) The v a l u e o f a x i a l f o r c e ( Yc ) i n bar 4
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i s %f N \n ’ ,Yc)
28 // he r e c o n s i d e r Yc as +ve coz the assumed d i r e c t i o n

o f the f o r c e was c o m p r e s s i v e which i s to be
r e v e r s e d
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Chapter 10

Uniform Flexible Suspension
Cables

Scilab code Exa 10.1 Cable subjected to concentrated loads

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W1=400 // N // v e r t i c a l l o ad at pt C
3 W2=600 // N // v e r t i c a l l o ad at pt D
4 W3=400 // N // v e r t i c a l l o ad at pt E
5 l=2 // m // l= Lac=Lcd=Lde=Leb
6 h=2.25 // m // d i s t a n c e o f the c a b l e from top
7 L=2 // m // d i s t o f A from top
8 // C a l c u l a t i o n s
9 // S o l v i n g eqn ’ s 1&2 u s i n g MATRIX f o r Xb & Yb

10 A=[-L 4*l;-h 2*l]

11 B=[((W1*l)+(W2*2*l)+(W1*3*l));(W1*l)]

12 C=inv(A)*B

13 // Now c o n s i d e r the F .B .D o f BE, Take moment at E
14 y_e=(C(2)*l)/C(1) // m / he r e y e i s the d i s t a n c e

between E and the top
15 theta_1=atand(y_e/l) // d e g r e e // where t h e t a 1 i s

the a n g l e between BE and the h o r i z o n t a l
16 T_BE=C(1)/cosd(theta_1) // N (T BE=T max )
17 // Now c o n s i d e r the F .B .D o f p o r t i o n BEDC
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18 // Take moment at C
19 y_c =((C(2)*6) -(W3*4) -(W2*2))/(C(1)) // m
20 theta_4=atand ((( y_c)-(l))/(l)) // d e g r e e
21 T_CA=C(1)/cosd(theta_4) // N // Tens ion i n CA
22 // R e s u l t s
23 clc

24 printf( ’ ( i ) The h o r i z o n t a l r e a c t i o n at B (Xb) i s %f
N \n ’ ,C(1))

25 printf( ’ ( i ) The v e r t i c a l r e a c t i o n at B (Yb) i s %f N
\n ’ ,C(2))

26 printf( ’ ( i i ) The sag at p o i n t E ( y e ) i s %f m \n ’ ,
y_e)

27 printf( ’ ( i i i ) The t e n s i o n i n p o r t i o n CA (T CA) i s %f
N \n ’ ,T_CA)

28 printf( ’ ( i v ) The max t e n s i o n i n the c a b l e ( T max ) i s
%f N \n ’ ,T_BE)

29 printf( ’ ( i v ) The max s l o p e ( t h e t a 1 ) i n the c a b l e i s
%f d e g r e e \n ’ ,theta_1)

Scilab code Exa 10.2 Cables subjected to concentrated loads

1 // I n i t i i z a t i o n o f v a r i a b l e s
2 W1=100 // N // Pt l oad at C
3 W2=150 // N // Pt l oad at D
4 W3=200 // N // Pt l oad at E
5 l=1 // m // l=Lac=Lcd=Lde=Leb
6 h=2 // m // d i s t between Rb & top
7 Xa=200 // N
8 Xb=200 // N
9 // C a l c u l a t i o n s

10 // c o n s i d e r the F .B .D o f e n t i r e c a b l e
11 // Take moment at A
12 Yb=((W1*l)+(W2*2*l)+(W3*3*l) -(Xb*h))/(4*l) // N
13 Ya=W1+W2+W3 -Yb // N // sum Fy=0
14 // Now c o n s i d e r the F .B .D o f AC
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15 // Take moment at C,
16 y_c=(Ya*l)/Xa // m
17 theta_1=atand(y_c/l) // d e g r e e
18 T_AC=Xa/cosd(theta_1) // N // T AC∗ cosd ( t h e t a 1 )=

h o r i z o n t a l component o f t e n s i o n i n the c a b l e
19 // here , T AC=T max
20 T_max=T_AC // N
21 // Now c o n s i d e r the F .B .D o f p o r t i o n ACD
22 y_d =((Ya*2*l) -(W1*l))/(Xa) // m // t a k i n g moment at

D
23 theta_2=atand ((( y_d)-(y_c))/(l)) // d e g r e e
24 T_CD=Xa/(cosd(theta_2)) // N
25 // R e s u l t s
26 clc

27 printf( ’ ( i ) The component o f suppor t r e a c t i o n at A (
Ya) i s %f N \n ’ ,Ya)

28 printf( ’ ( i ) The component o f suppor t r e a c t i o n at B (
Yb) i s %f N \n ’ ,Yb)

29 printf( ’ ( i i ) The t e n s i o n i n p o r t i o n AC (T AC) o f the
c a b l e i s %f N \n ’ ,T_AC)

30 printf( ’ ( i i ) The t e n s i o n i n p o r t i o n CD (T CD) o f the
c a b l e i s %f N \n ’ ,T_CD)

31 printf( ’ ( i i i ) The max t e n s i o n i n the c a b l e i s %f N \
n ’ ,T_max)

Scilab code Exa 10.3 Cables uniformly loaded per unit horizontal distance

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 w=75 // kg /m // mass per u n i t l e n g t h o f thw p ipe
3 l=20 // m // d i s t between A & B
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 y=2 // m // p o s i t i o n o f C below B
6 // C a l c u l a t i o n s
7 // Let x b be the d i s t a n c e o f p o i n t C from B
8 // In eq ’ n x b ˆ2+32∗ x b−320=0
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9 a=1

10 b=32

11 c=-320

12 x_b=(-b+sqrt(b^2-(4*a*c)))/(2*a) // m // we g e t x b
by e q u a t i n g eqn ’ s 1&2

13 // Now t e n s i o n T 0
14 T_0 =((w*g*x_b ^2) /(2*y))*(10^ -3) //kN // from eq ’ n 1
15 // Now the max t e n s i o n o c c u r s at p o i n t A, hence x i s

g i v e n as ,
16 x=20-x_b // m
17 w_x=w*g*x*10^( -3) // kN
18 T_max=sqrt((T_0)^2+( w_x)^2) // kN // Maximum Tens ion
19 // R e s u l t s
20 clc

21 printf( ’ The l o w e s t p o i n t C which i s s i t u a t e d at a
d i s t a n c e ( x b ) from suppor t B i s %f m \n ’ ,x_b)

22 printf( ’ The maximum t e n s i o n ( T max ) i n the c a b l e i s
%f kN \n ’ ,T_max)

23 printf( ’ The minimum t e n s i o n ( T 0 ) i n the c a b l e i s %f
kN \n ’ ,T_0)

Scilab code Exa 10.4 Cables uniformly loaded per unit horizontal distance

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=0.5 // kg /m // mass o f the c a b l e per u n i t l e n g t h
3 g=9.81 // m/ s ˆ2
4 x=30 // m // l e n g t h AB
5 y=0.5 // m // d i s t between C & the h o r i z o n t a l
6 x_b =15 // m // d i s t o f h o r i z o n t a l from C to B
7 // C a l c u l a t i o n s
8 w=m*g // N/m // we ight o f the c a b l e per u n i t l e n g t h
9 T_0=(w*x_b^2) /(2*y) // N // From eq ’ n 1

10 T_B=sqrt((T_0)^2+(w*x/2) ^2) // N // Tens ion i n the
c a b l e at p o i n t B

11 W=T_B // N // As p u l l e y i s f r i c t i o n l e s s the t e n s i o n
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i n the p u l l e y on each s i d e i s same , so W=T B
12 // S l ope o f the c a b l e at B,
13 theta=acosd(T_0/T_B) // d e g r e e
14 // Now l e n g t h o f the c a b l e between C & B i s ,
15 S_cb=x_b (1+((2/3) *(y/x_b)^2)) // m
16 // Now t o t a l l e n g t h o f the c a b l e AB i s ,
17 S_ab =2* S_cb // m
18 // R e s u l t s
19 clc

20 printf( ’ ( i ) The magnitude o f l o ad W i s %f N \n ’ ,W)
21 printf( ’ ( i i ) The a n g l e o f the c a b l e with the

h o r i z o n t a l at B i s %f d e g r e e \n ’ ,theta)
22 printf( ’ ( i i i ) The t o t a l l e n g t h o f the c a b l e AB i s %f

m \n ’ ,S_ab)

Scilab code Exa 10.5 Cables uniformly loaded per unit horizontal distance

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 x=30 // m // d i s t a n c e between two e l e c t r i c p o l e s
3 Tmax =400 // N // Max P u l l o r t e n s i o n
4 w=3 // N/m // we ight per u n i t l e n g t h o f the c a b l e
5 // C a l c u l a t i o n s
6 // The c a b l e i s assumed to be p a r a b o l i c i n shape ,

i t s eq ’ n i s y=w∗x ˆ2/2∗T 0 . . . . . ( eq ’ n 1) .
S u b s t u t i n g the co−o r d i n a t e s o f p o i n t B ( l /2 , h ) ,
where h i s the sag i n the c a b l e . This g i v e s , T 0=(
w∗ ( l /2) ˆ2) /(2∗h )=wl ˆ2/8∗h

7 // Now the maximum p u l l o r t e n s i o n o c c u r s at B,
8 T_B=Tmax // N
9 // Hence T B=Tmax=s q r t ( T 0 ˆ2+(w∗ l /2 ) ˆ2) . On

s i m p l y f y i n g t h i s eq ’ n we get ,
10 h=sqrt(x^2/(16*((( Tmax *2)/(w*x))^2-(1)))) // m
11 // R e s u l t s
12 clc

13 printf( ’ The s m a l l e s t v a l u e o f the sag i n the c a b l e
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i s %f m \n ’ ,h)

Scilab code Exa 10.6 Catenary Cables

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 l=200 // m // l e n g t h o f the c a b l e
3 m=1000 // kg // mass o f the c a b l e
4 S=50 // m // sag i n the c a b l e
5 s=l/2 // m
6 g=9.81 // m/ s ˆ2
7 // C a l c u l a t i o n s
8 w=(m*g)/l // N/m // mass per u n i t l e n g t h o f the

c a b l e
9 // S u b s t u t i n g the v a l u e s s=l /2 & y=c+S i n eq ’ n 1 to

g e t the v a l u e o f c ,
10 c=7500/100 // m
11 Tmax=sqrt((w*c)^2+(w*s)^2) // N // Maximum Tens ion
12 // To de t e rmine the span (2∗ x ) l e t us use the eq ’ n

o f ca tenary , y=c∗ cosh ( x/ c ) , where y=c +50. On
s i m p l y f y i n g we g e t y/ c=cosh ( x/ c ) , h e r e l e t y/ c=A

13 y=c+50

14 A=y/c

15 x=c*(acosh(A)) // m
16 L=2*x // m // where L= span
17 // R e s u l t s
18 clc

19 printf( ’ The h o r i z o n t a l d i s t a n c e between the s u p p o r t s
and the max Tens ion (L) i s %f m \n ’ ,L)
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Chapter 12

Moment of Inertia

Scilab code Exa 12.7 Moment of Inertia of an area of a plane figure with respect to an axis in its plane

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 A= 50 // cmˆ2 // a r ea o f the shaded p o r t i o n
3 J_A =22.5*10^2 // cmˆ4 // p o l a r moment o f i n e r t i a o f

the shaded p o r t i o n
4 d=6 // cm
5 // C a l c u l a t i o n s
6 J_c=J_A -(A*d^2)

7 // s u b s t u t i n g the v a l u e o f I x from eq ’ n 2 i n eq ’ n 1
we get ,

8 I_y=J_c/3 // cmˆ4 // M.O. I about Y−a x i s
9 // Now from eq ’ n 2 ,
10 I_x =2*I_y // cmˆ4 // M.O. I about X−a x i s
11 // R e s u l t s
12 clc

13 printf( ’ The c e n t r o i d a l moment o f i n e r t i a about X−
a x i s ( I x ) i s %f cmˆ4 \n ’ ,I_x)

14 printf( ’ The c e n t r o i d a l moment o f i n e r t i a about Y−
a x i s ( I y ) i s %f cmˆ4 \n ’ ,I_y)
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Scilab code Exa 12.8 Moment of Inertia of a Composite area or hollow section

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 b=20 // cm // width o f the pate
3 d=30 // cm // depth o f the p l a t e
4 r=15 // cm // r a d i u s o f the c i r c u l a r h o l e
5 h=20 // cm // d i s t a n c e between the c e n t r e o f the

c i r c l e & the x−a x i s
6 // C a l c u l a t i o n s
7 // ( a ) L oca t i on o f the c e n t r o i d o f the compos i t e

a r ea
8 A_1=b*d // cmˆ2 // a r ea o f the p l a t e
9 y_1=d/2 // cm // y−c o o r d i n a t e o f the c e n t r o i d
10 A_2=(%pi*r^2)/4 // cmˆ2 // a r ea o f the c i r c l e

removed ( n e g a t i v e )
11 y_2=h // cm // y−c o o r d i n a t e o f the c e n t r o i d
12 y_c =((A_1*y_1)-(A_2*y_2))/(A_1 -A_2) // cm // from

the bottom edge
13 // ( b ) Moment o f I n e r t i a o f the compos i t e a r ea about

the c e n t r o i d a l x−a x i s
14 // Area ( A 1 ) M. I o f a r ea A 1 about x−a x i s
15 I_x1=(b*(d^3))/12 // cmˆ4
16 // M. I o f the a r ea A 1 about the c e n t r o i d a l x−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
17 OC_1 =15 // cm // from the bottom edge
18 OC_2 =20 // cm
19 OC=12.9 // cm // from the bottom edge
20 d_1=OC_1 -OC // cm
21 d_2=OC_2 -OC // cm
22 I_X1=(I_x1)+(A_1*d_1^2) // cmˆ4
23 // Area ( A 2 ) M. I o f a r ea A 2 about x−a x i s
24 I_x2=(%pi*r^4)/64 // cmˆ2
25 // M. I o f the a r ea A 2 about the c e n t r o i d a l x−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
26 I_X2=(I_x2)+(A_2*d_2^2) // cmˆ4
27 // COMPOSITE AREA:M.O. I o f the compos i t e a r ea about

the c e n t r o i d a l x−a x i s
28 I_x=(I_X1) -(I_X2) // cmˆ4
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29 // R e s u l t s
30 clc

31 printf( ’ The M.O. I o f the compos i t e a r ea about the
c e n t r o i d a l x−a x i s i s %f cmˆ4 \n ’ ,I_x)

32 // There may be a s m a l l e r r o r i n the answer due to
dec ima l p o i n t d i s c r e p a n c y

Scilab code Exa 12.9 Moment of Inertia of a Composite area or hollow section

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 b1=80 // mm // width o f the f l a n g e pate
3 d1=20 // mm // depth o f the f l a n g e p l a t e
4 b2=40 // mm // width / t h i c k n e s s o f the web
5 d2=60 // mm // depth o f the web
6 // C a l c u l a t i o n s
7 // ( a ) L oca t i on o f the c e n t r o i d o f the compos i t e

a r ea
8 A_1=b1*d1 // mmˆ2 // a r ea o f the f l a n g e p l a t e
9 y_1=d2+(d1/2) // mm // y−c o o r d i n a t e o f the c e n t r o i d

10 A_2=b2*d2 // mmˆ2 // a r ea o f the web
11 y_2=d2/2 // mm // y−c o o r d i n a t e o f the c e n t r o i d
12 y_c =((A_1*y_1)+(A_2*y_2))/(A_1+A_2) // mm // from

the bottom edge
13 // ( b ) Moment o f I n e r t i a o f the compos i t e a r ea about

the c e n t r o i d a l x−a x i s
14 // Area ( A 1 ) M. I o f a r ea A 1 about x−a x i s
15 I_x1=(b1*(d1^3))/12 // mmˆ4
16 // M. I o f the a r ea A 1 about the c e n t r o i d a l x−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
17 OC_1 =70 // mm // from the bottom edge
18 OC_2 =30 // mm // from the bottom edge
19 OC=y_c // mm // from the bottom edge
20 d_1=(d2 -y_c)+(d1/2) // mm
21 d_2=y_c -OC_2 // mm
22 I_X1=(I_x1)+(A_1*d_1^2) // mmˆ4
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23 // Area ( A 2 ) M. I o f a r ea A 2 about x−a x i s
24 I_x2=(b2*d2^3)/12 // mmˆ4
25 // M. I o f the a r ea A 2 about the c e n t r o i d a l x−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
26 I_X2=(I_x2)+(A_2*d_2^2) // mmˆ4
27 // COMPOSITE AREA:M.O. I o f the compos i t e a r ea about

the c e n t r o i d a l x−a x i s
28 I_x=(I_X1)+(I_X2) // mmˆ4
29 // R e s u l t s
30 clc

31 printf( ’ The M.O. I o f the compos i t e a r ea about the
c e n t r o i d a l x−a x i s i s %f mmˆ4 \n ’ ,I_x)

32 // NOTE: The answer g i v e n i n the t e x t book i s
2 . 31∗10ˆ3 i n s t e d o f 2 . 3 1 ∗ 1 0 ˆ 6 .

Scilab code Exa 12.10 Moment of Inertia of a Composite area or hollow section

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 b1=120 // mm // width o f the f l a n g e pate o f L−

s e c t i o n
3 d1=20 // mm // depth o f the f l a n g e p l a t e
4 b2=20 // mm // width / t h i c k n e s s o f the web
5 d2=130 // mm // depth o f the web
6 // C a l c u l a t i o n s
7 // ( a ) L oca t i on o f the c e n t r o i d o f the compos i t e

a r ea
8 A_1=b1*d1 // mmˆ2 // a r ea o f the f l a n g e p l a t e
9 A_2=b2*d2 // mmˆ2 // a r ea o f the web
10 y_1=d2+(d1/2) // mm // y−c o o r d i n a t e o f the c e n t r o i d
11 y_2=d2/2 // mm // y−c o o r d i n a t e o f the c e n t r o i d
12 x_1 =60 // mm // x−c o o r d i n a t e o f the c e n t r o i d
13 x_2 =110 // mm // x−c o o r d i n a t e o f the c e n t r o i d
14 y_c =((A_1*y_1)+(A_2*y_2))/(A_1+A_2) // mm // from

the bottom edge
15 x_c =((A_1*x_1)+(A_2*x_2))/(A_1+A_2) // mm // from
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the bottom edge
16 // ( b ) Moment o f I n e r t i a o f the compos i t e a r ea about

the c e n t r o i d a l x−a x i s
17 // Area ( A 1 ) M. I o f a r ea A 1 about x−a x i s
18 I_x1=(b1*(d1^3))/12 // mmˆ4
19 // M. I o f the a r ea A 1 about the c e n t r o i d a l x−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
20 OC_1=d2+(d1/2) // mm // from the bottom edge
21 OC_2=d2/2 // mm // from the bottom edge
22 OC=y_c // mm // from the bottom edge
23 d_1=(d2 -y_c)+(d1/2) // mm
24 d_2=y_c -OC_2 // mm
25 I_X1=(I_x1)+(A_1*d_1^2) // mmˆ4
26 // Area ( A 2 ) M. I o f a r ea A 2 about x−a x i s
27 I_x2=(b2*d2^3)/12 // mmˆ4
28 // M. I o f the a r ea A 2 about the c e n t r o i d a l x−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
29 I_X2=(I_x2)+(A_2*d_2^2) // mmˆ4
30 // COMPOSITE AREA:M.O. I o f the compos i t e a r ea about

the c e n t r o i d a l x−a x i s
31 I_x=(I_X1)+(I_X2) // mmˆ4
32 // ( c ) Moment o f I n e r t i a o f the compos i t e a r ea about

the c e n t r o i d a l y−a x i s
33 // Area ( A 1 ) M. I o f a r ea A 1 about y−a x i s
34 I_y1=(d1*(b1^3))/12 // mmˆ4
35 // M. I o f the a r ea A 1 about the c e n t r o i d a l y−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
36 d_3=x_c -(b1/2) // mm // d i s t a n c e between c &c1 a l ong

x a x i s
37 I_Y1=(I_y1)+(A_1*d_3^2) // mmˆ4
38 // Area ( A 2 ) M. I o f a r ea A 2 about y−a x i s
39 I_y2=(d2*b2^3)/12 // mmˆ4
40 // M. I o f the a r ea A 2 about the c e n t r o i d a l y−a x i s

o f the compos i t e a r ea (By p a r a l l e l −a x i s theorem )
41 d_4=b1 -x_c -(b2/2) // mm // d i s t a n c e between c &c2

a l ong x a x i s
42 I_Y2=(I_y2)+(A_2*d_4^2) // mmˆ4
43 // COMPOSITE AREA:M.O. I o f the compos i t e a r ea about
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the c e n t r o i d a l y−a x i s
44 I_y=(I_Y1)+(I_Y2) // mmˆ4
45 // R e s u l t s
46 clc

47 printf( ’ The M.O. I o f the compos i t e a r ea about the
c e n t r o i d a l x−a x i s i s %f mmˆ4 \n ’ ,I_x)

48 printf( ’ The M.O. I o f the compos i t e a r ea about the
c e n t r o i d a l Y−a x i s i s %f mmˆ4 \n ’ ,I_y)

49 // NOTE: The answer f o r I x g i v e n i n t e x t book i s
0 . 76∗10ˆ6 i n s t e d o f 10 . 76∗10ˆ6

Scilab code Exa 12.14 Product of Inertia

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 b=1 // cm // s m a l l e r s i d e o f the L−s e c t i o n
3 h=4 // cm // l a r g e r s i d e o f the L−s e c t i o n
4 // C a l c u l a t i o n s
5 // (A) RECTANGLE A 1 : Using the p a r a l e l a x i s theorem
6 Ixy=0

7 I_xy1=(Ixy)+((h*b)*(b/2)*(h/2)) // cmˆ4
8 // (B) RECTANGLE A 2 : Using the p a r a l e l a x i s theorem
9 I_xy2=(Ixy)+((b*(h-1))*(1+(3/2))*(b/2)) // cmˆ4
10 // Product o f i n e r t i a o f the t o t a l a r ea
11 I_xy=I_xy1+I_xy2 // cmˆ4
12 // C a l c u l a t i o n s
13 clc

14 printf( ’ The Product o f i n e r t i a o f the L−s e c t i o n i s
%f cmˆ4 \n ’ ,I_xy)

Scilab code Exa 12.15 Principal Moment of Inertia

1 // I n i t i l i z a t i o n o f v a r i a b l e s
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2 I_x =1548 // cmˆ4 // M.O. I o f the Z−s e c t i o n about X−
a x i s

3 I_y =2668 // cmˆ4 // M.O. I o f the Z−s e c t i o n about Y−
a x i s

4 b=12 // cm // width o f f l a n g e o f the Z−s e c t i o n
5 d=3 // cm // depth o f f l a n g e o f the Z−s e c t i o n
6 t=2 // cm // t h i c k n e s s o f the web o f the Z−s e c t i o n
7 h=6 // cm // depth o f the web o f the Z−s e c t i o n
8 // C a l c u l a t i o n s
9 A_1=b*d // cmˆ2 // a r ea o f top f l a n g e

10 x_1=-5 // cm // d i s t a n c e o f the c e n t r o i d from X−a x i s
f o r top f l a n g e

11 y_1 =4.5 // cm // d i s t a n c e o f the c e n t r o i d from Y−
a x i s f o r top f l a n g e

12 A_2=t*h // cmˆ2 // a r ea o f web
13 x_2=0 // cm // d i s t a n c e o f the c e n t r o i d from X−a x i s

f o r the web
14 y_2=0 // cm // d i s t a n c e o f the c e n t r o i d from Y−a x i s

f o r the web
15 A_3=b*d // cmˆ2 // a r ea o f bottom f l a n g e
16 x_3=5 // cm // d i s t a n c e o f the c e n t r o i d from X−a x i s

f o r top f l a n g e
17 y_3=-4.5 // cm // d i s t a n c e o f the c e n t r o i d from Y−

a x i s f o r top f l a n g e
18 // Product o f I n e r t i a o f the t o t a l a r ea i s ,
19 I_xy =((A_1*x_1*y_1)+(A_3*x_3*y_3)) // cmˆ4
20 // The d i r e c t i o n o f the p r i n c i p a l axe s i s ,
21 theta_m =( atand ((2* I_xy)/(I_y -I_x)))/2 // d e g r e e
22 // P r i n c i p a M.O. I
23 I_max =(( I_x+I_y)/2)+(sqrt (((I_x -I_y)/2) ^2+( I_xy)^2))

// cmˆ4
24 I_mini =((I_x+I_y)/2) -(sqrt (((I_x -I_y)/2) ^2+( I_xy)^2)

) // cmˆ4
25 // R e s u l t s
26 clc

27 printf( ’ The p r i n c i p a l axe s o f the s e c t i o n about O i s
%f d e g r e e \n ’ ,theta_m)

28 printf( ’ The Maximum v a l u e o f p r i n c i p a l M.O. I i s %f

79



cmˆ4 \n ’ ,I_max)
29 printf( ’ The Minimum v a l u e o f p r i n c i p a l M.O. I i s %f

cmˆ4 \n ’ ,I_mini)
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Chapter 13

Principle of Virtual Work

Scilab code Exa 13.1 Application of Principle of Virtual Work

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1000 // N // we ight to be r a i s e d
3 // C a l c u l a t i o n s
4 // From the P r i n c i p l e o f v i r t u a l work ,
5 P=W/2 // N
6 // R e s u l t s
7 clc

8 printf( ’ The v a l u e o f f o r c e ( i . e P) tha t can ho ld the
system i n e q u i l i b r i u m i s %f N \n ’ ,P)

Scilab code Exa 13.7 Application of Principle of Virtual Work

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=1000 // N // Force a c t i n g at the h inge o f the 1 s t

squa r e
3 Q=1000 // N // Force a c t i n g at the h inge o f the 2nd

squa r e
4 // C a l c u l a t i o n s
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5 // Chos ing the co−o r d i n a t e system with o r i g i n a t A,
we can wr i t e ,

6 theta =45 // d e g r e e
7 // For c e s tha t do work a r e P ,Q & X B . Apply ing the

p r i n c i p l e o f v i r t u a l work & S i m p l y f y i n g and
s o l v i n g f o r X B ,

8 X_B =((2*P)/6)*(cosd(theta)/sind(theta)) // N
9 // Now g i v e a v i r t u a l a n g u l a r d i s p l a c e m e n t to the

whole f rame about end A such tha t l i n e AB t u r n s
by an a n g l e d e l t a p h i .

10 // The f o r c e do ing work a r e P ,Q&Y B . Apply ing the
p r i n c i p l e o f v i r t u a l work & S i m p l y f y i n g t h i s eq ’ n
and s o l v i n g f o r Y B ,

11 Y_B =((3*Q)+P)/6 // N
12 // Simply by removing the suppor t at A & r e p l a c i n g

i t by the r e a c t i o n s X A & Y A we can obta in ,
13 X_A=X_B // N
14 Y_A=P+Q-Y_B // N
15 // R e s u l t s
16 clc

17 printf( ’ The H o r i z o n t a l component o f r e a c t i o n at A (
X A) i s %f N \n ’ ,X_A)

18 printf( ’ The V e r t i c a l component o f r e a c t i o n at A (Y A
) i s %f N \n ’ ,Y_A)

19 printf( ’ The H o r i z o n t a l component o f r e a c t i o n at B (
X B ) i s %f N \n ’ ,X_B)

20 printf( ’ The V e r t i c a l component o f r e a c t i o n at B ( Y B
) i s %f N \n ’ ,Y_B)
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Chapter 14

Rectilinear Motion of a particle

Scilab code Exa 14.3 Displacement velocity and acceleration of connected bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 a_T =0.18 // m/ s ˆ2 // acc o f t r o l l e y
3 // C a l c u l a t i o n s
4 a_B=-a_T/3 // m/ s ˆ2 // from eq ’ n 4
5 t=4 // s e c o n d s
6 v_T=a_T*t // m/ s // v e l o c i t y o f t r o l l e y a f t e r 4

s e c o n d s
7 v_B=-v_T/3 // m/ s // from eq ’ n 3
8 S_T =(1/2)*a_T*t^2 // m // d i s t a n c e moved by t r o l l e y

i n 4 s e c
9 S_B=-S_T/3 // m // from eq ’ n 2

10 // R e s u l t s
11 clc

12 printf( ’ The a c c e l e r a t i o n o f b l o c k B i s %f m/ s ˆ2 \n ’ ,
a_B)

13 printf( ’ The v e l o c i t y o f t r o l l e y & the b l o c k a f t e r 4
s e c i s %f m/ s & %f m/ s \n ’ ,v_T ,v_B)

14 printf( ’ The d i s t a n c e moved by the t r o l l e y & the
b l o c k i s %f m & %f m \n ’ ,S_T ,S_B)

15 // The −ve s i g n i n d i c a t e s tha t the v e l o c i t y or the
d i s t a n c e t r a v e l l e d i s i n o p p o s i t e d i r e c t i o n .
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Scilab code Exa 14.4 Velocity time relationship

1 // I n i t i l i z t i o n o f v a r i a b l e s
2 v_B =12 // cm/ s // v e l o c i t y o f b l o c k B
3 u=0

4 s=24 // cm // d i s t a n c e t r a v e l l e d by bock B
5 t=5 // s e c o n d s
6 // C a l c u l a t i o n s
7 a_B=v_B ^2/(2*s) // cm/ s ˆ2 // u s i n g eq ’ n vˆ2−uˆ2=28∗a

∗ s f o r b l o c k B . Here u=0
8 a_A =(3/2)*a_B // cm/ s ˆ2 // from eq ’ n 4 // Here a A

i s n e g a t i v e which means a c c e l e r a t i o n i s i n
o p p o s i t e d i r e c t i o n . However we c o n s i d e r +ve
v a l u e s f o r f u r t h e r c a l c u l a t i o n s

9 v_A=u+(a_A*t) // m/ s // u s i n g eq ’ n v=u+(a∗ t )
10 S_A=(u*t)+((1/2)*a_A*t^2) // m // u s i n g eq ’ n S=(u∗ t )

+((1/2) ∗a∗ t ˆ2)
11 // R e s u l t s
12 clc

13 printf( ’ The a c c e l e r a t i o n o f b l o c k A ( a A ) i s %f cm/ s
ˆ2 \n ’ ,a_A)

14 printf( ’ The a c c e l e r a t i o n o f b l o c k B ( a B ) i s %f cm/ s
ˆ2 \n ’ ,a_B)

15 printf( ’ The v e l o c i t y o f b l o c k A ( v A ) a f t e r 5
s e c o n d s i s %f m/ s \n ’ ,v_A)

16 printf( ’ The p o s i t i o n o f b l o c k A ( S A ) a f t e r 5
s e c o n d s i s %f m \n ’ ,S_A)

Scilab code Exa 14.5 Displacement time relationship

1 // I n i t i l i z a t i o n o f v a r i a b l e s
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2 u=72*(1000/(60*60)) // km/ hr // speed o f the v e h i c l e
3 s=300 // m // d i s t a n c e where the l i g h t i s t u r n i n g i s

r ed
4 t=20 // s // t r a f f i c l i g h t t imed to remain red
5 // C a l c u l a t i o n s
6 // Now to f i n d the a c c e l e r a t i o n we use the eq ’ n s=u∗

t +(1/2) ∗a∗ t ˆ2
7 a=(((s) -(u*t))*2)/t^2 // m/ s ˆ2 ( D e c e l e r a t i o n )
8 v=(u+(a*t))*((60*60) /1000) // km/ hr // he r e we

m u l t i p l y with ( 6 0∗6 0 ) /1000 to c o n v e r t m/ s to km/
hr

9 // R e s u l t s
10 clc

11 printf( ’ ( a ) The r e q u i r e d un i fo rm a c c e l e r a t i o n o f the
c a r i s %f m/ s ˆ2 \n ’ ,a)

12 printf( ’ ( b ) The speed at which the m o t o r i s t c r o s s e s
the t r a f f i c l i g h t i s %f km/ hr \n ’ ,v)

Scilab code Exa 14.6 Displacement time relationship

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 S=50 // m // h e i g h t o f the tower
3 v=25 // m/ s // v e l o c i t y at which the s t o n e i s thrown

up from the f o o t o f the tower
4 g=9.81 // m/ s ˆ2 // acc due to g r a i t y
5 // C a l c u l a t i o n s
6 // The e q u a t i o n o f t ime f o r the two s t o n e s to c r o s s

each o t h e r i s g i v e n as ,
7 t=S/v // s e c o n d s
8 S_1 =(1/2)*g*t^2 // m // from the top
9 // R e s u l t s
10 clc

11 printf( ’ The t ime ( t ) at which the two s t o n e s c r o s s
each o t h e r i s %f s e c o n d s \n ’ ,t)

12 printf( ’ The two s t o n e s c r o s s each o t h e r ( from top )
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at a d i s t a n c e o f %f m \n ’ ,S_1)

Scilab code Exa 14.7 Displacement time relationship

1 // I n t i l i z a t i o n o f v a r i a b l e s
2 acc =0.5 // m/ s ˆ2 // a c c e l e r a t i o n o f the e l e v a t o r
3 s=25 // m // d i s t a n c e t r a v e l l e d by the e l e v a t o r from

the top
4 u=0 // m/ s
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // Using eq ’ n the eq ’ n vˆ2−uˆ2=2∗a∗ s , s o l v i n g f o r v

we get ,
8 v=sqrt ((2* acc*s)+(u^2)) // m/ s
9 // Now s o l v i n g eq ’ n 1 & 2 f o r t we get , ( 4 . 6 5 5 ∗ t ˆ2)

−(5∗ t ) +(25)=0
10 // Find the r o o t s o f the eq ’ n u s i n g the eq ’ n , t=(−b+

s q r t ( bˆ2−(4∗a∗ c ) ) ) /(2∗ a ) . In t h i s eq ’ n the v a l u e s
o f a , b & c are ,

11 a=4.655

12 b=-5

13 c=-25

14 t=(-b+sqrt((b^2) -(4*a*c)))/(2*a) // s e c o n d s
15 // Let S 1 be the d i s t a n c e t r a v e l l e d by the e l e v a t o r

a f t e r i t t r a v e l s 25 m from top when the s t o n e
h i t s the e l e v a t o r , This d i s a n c e S 1 i s g i v e n as ,

16 S_1=(v*t)+((1/2)*acc*t^2) // m
17 // Let S be the t o t a l d i s t from top when the s t o n e

h i t s the e l e v a t o r ,
18 S=S_1+s // m
19 // R e s u l t s
20 clc

21 printf( ’ The t ime taken by the s t o n e to h i t the
e l e v a t o r i s %f s e c o n d s \n ’ ,t)

22 printf( ’ The d i s t a n c e ( S ) t r a v e l l e d by the e l e v a t o r at
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the t ime o f impact i s %f m \n ’ ,S)

Scilab code Exa 14.9 Displacement time relationship

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v=60 // km/ hr // v e l o c i t y o f the t r a i n
3 d1=15 // km // D i s t a n c e t r a v e l l e d by the l o c a l t r a i n

from the v e l o c i t y −t ime graph ( he r e d1= Area OED)
4 d2=12 // km // from the v e l o c i t y −t ime graph ( he r e d2

= Area OABB’ )
5 d3=3 // km // from the v e l o c i t y −t ime graph ( he r e d3=

Area BB’C)
6 // C a l c u l a t i o n s
7 t_1=d2/v // hr // t ime o f t r a v e l f o r f i r s t 12 kms
8 t_2 =(2*d3)/v // hr // t ime o f f o r next 3 kms
9 // Tota l t ime o f t r a v e l f o r p a s s e n g e r t r a i n i s g i v e n

by eq ’ n
10 t=t_1+t_2 // hr
11 // Now time o f t r a v e l o f the l o c a l t r a i n ( l e t i t be

T) i s g i v e n as ,
12 T=2*t // hr
13 V_max =(2*d1)/T // km/ hr
14 // R e s u l t s
15 clc

16 printf( ’ The maximum speed o f the l o c a l t r a i n i s %f
km/ hr \n ’ ,V_max)

Scilab code Exa 14.10 Distance travelled by a particle in the n th second

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 a=10 // m/ s ˆ2 // a c c e l e r a t i o n o f the p a r t i c l e
3 S_5th =50 // m // d i s t a n c e t r a v e l l e d by the p a r t i c l e

du r ing the 5 th second
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4 t=5 // s e c o n d s
5 // C a l c u l a t i o n s
6 // The d i s t a n c e t r a v e l l e d by the p a r t i c l e i n t ime t

i s g i v e n by , S=(u∗ t ) +(1/2) ∗a∗ t ˆ 2 . . . . . ( c o n s i d e r
t h i s as eq ’ n 1)

7 // Here , The d i s t a n c e t r a v e l l e d by the p a r t i c l e i n
the 5 th second=The d i s t a n c e t r a v e l l e d i n 5
s e c o n d s − The d i s t a n c e t r a v e l l e d i n 4 s e c o n d s
. . . . . ( c o n s i d e r eq ’ n 2)

8 // Using eq ’ n 1 : S (0−5) =(5∗u ) +(1/2) ∗10∗5ˆ2 = 5∗u
+ 1 2 5 . . . . . ( c o n s i d e r eq ’ n 3)

9 // aga in , S (0−4) =(4∗u ) +(1/2) ∗10∗4ˆ2 = 4∗u + 8 0 . . . . (
c o n s i d e r eq ’ n 4)

10 // Now , put eq ’ n 3&4 i n eq ’ n 2 and s o l v e f o r u . We
get , 50=[(5∗u+125)−(4∗u+80) ] i . e 50=u+45

11 u=(S_5th) -45 // m/ s
12 // C a l c u l a t i o n s
13 clc

14 printf( ’ The i n i t i a l v e l o c i t y o f the p a r t i c l e i s %f m
/ s \n ’ ,u)

Scilab code Exa 14.11 Variable acceleration

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 // C o n d i t i o n s g i v e n a r e
3 t=1 // s
4 x=14.75 // m
5 v=6.33 // m/ s
6 // C a l c u l a t i o n s
7 // We use e x p r e s s i o n 1 ,2 & 3 to f i n d d i s t a n c e ,

v e l o c i t y & a c c e l e r a t i o n o f the p a r t i c l e a f t e r 2
s e c

8 T=2 // s e c
9 X=(T^4/12) -(T^3/3)+(T^2) +(5*T)+9 // m // eq ’ n 3

10 V=(T^3/3) -(T^2) +(2*T)+5 // m/ s
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11 a=(T^2) -(2*T)+2 // m/ s ˆ2
12 // R e s u l t s
13 clc

14 printf( ’ The d i s t a n c e t r a v e l l e d by the p a r t i c l e i s %f
m \n ’ ,X)

15 printf( ’ The v e l o c i t y o f the p a r t i c l e i s %f m/ s \n ’ ,V
)

16 printf( ’ The a c c e l e r a t i o n o f the p a r t i c l e i s %f m/ s ˆ2
\n ’ ,a)

17 // The answer may vary due to dec ima l p o i n t e r r o r

Scilab code Exa 14.12 Variable acceleration

1 // C a l c u l a t i o n s
2 // From eq ’ n 2 i t i s c l e a r tha t v e l o c i t y o f the

p a r t i c l e becomes z e r o at t=3 s e c
3 t=3 // s e c . . from eq ’ n 2
4 // P o s i t i o n o f p a r t i c l e at t=3 s e c
5 x=(t^3) -(3*t^2) -(9*t)+12 // m // from eq ’ n 1
6 // Acc o f p a r t i c l e at t=3 s e c
7 a=6*(t-1) // m/ s ˆ2 // from eq ’ n 3
8 // R e s u l t s
9 clc

10 printf( ’ The t ime at which the v e l o c i t y o f the
p a r t i c l e becomes z e r o i s %f s e c \n ’ ,t)

11 printf( ’ The p o s i t i o n o f the p a r t i c e at t=3 s e c i s %f
m \n ’ ,x)

12 printf( ’ The a c c e l e r a t i o n o f the p a r t i c l e i s %f m/ s ˆ2
\n ’ ,a)

13 // Ref t ex tbook f o r the graphs

Scilab code Exa 14.15 D AlembertsPrinciple
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1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 F=250 // N // Force a c t i n g on a body
3 m=100 // kg // mass o f the body
4 // C a l c u l a t i o n s
5 // Using the eq ’ n o f motion
6 a=F/m // m/ s ˆ2
7 // R e s u l t s
8 clc

9 printf( ’ The a c c e l e r a t i o n o f the body i s %f m/ s ˆ2 \n ’
,a)

Scilab code Exa 14.16 D AlembertsPrinciple

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 a=1 // m/ s ˆ2 // downward/upward a c c e l e r a t i o n o f the

e l e v a t o r
3 W=500 // N // Weight o f man
4 g=9.81 // m/ s ˆ2 // a c c e l e r a t i o n due to g r a v i t y
5 // C a l c u l a t i o n s
6 // ( a ) Downward Motion
7 R_1=W*(1-(a/g)) // N // ( Assume p r e s s u r e as R 1 )
8 // ( b ) Upward Motion
9 R_2=W*(1+(a/g)) // N // ( Assume p r e s s u r e as R 2 )
10 // R e s u l t s
11 clc

12 printf( ’ ( a ) The p r e s s u r e t r a n s m i t t e d to the f l o o r by
the man f o r Downward motion o f the e l e v a t o r i s

%f N \n ’ ,R_1)
13 printf( ’ ( b ) The p r e s s u r e t r a n s m i t t e d to the f l o o r by

the man f o r Upward motion o f the e l e v a t o r i s %f
N \n ’ ,R_2)

Scilab code Exa 14.17 D Alamberts Principle

90



1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=5000 // N // Tota l we ight o f the e l e v a t o r
3 u=0 // m/ s
4 v=2 // m/ s // v e l o c i t y o f the e l e v a t o r
5 s=2 // m // d i s t a n c e t r a v e l e d by the e l e v a t o r
6 t=2 // s e c o n d s // t ime to s top the l i f t
7 w=600 // N // we ight o f the man
8 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
9 // C a l c u l a t i o n s
10 // A c c e l e r a t i o n a c q u i r e d by the e l e v a t o r a f t e r

t r a v e l l i n g 2 m i s g i v e n by ,
11 a=sqrt((v^2-u^2) /(2*s)) // m/ s ˆ2
12 // ( a ) Let T be the the t e n s i o n i n the c a b l e which

i s g i v e n by eq ’ n ,
13 T=W*(1+(a/g)) // N
14 // ( b ) Motion o f man
15 // Let R be the p r e s s u r e e x p e r i n c e d by the man . Then

from the Eq ’ n o f motion o f man p r e s s u r e i s g i v e n
as ,

16 R=w*(1-(a/g)) // N
17 // R e s u l t s
18 clc

19 printf( ’ ( a ) The T e n s i l e f o r c e i n the c a b l e i s %f N \
n ’ ,T)

20 printf( ’ ( b ) The p r e s s u r e t r a n s m i t t e d to the f l o o r by
the man i s %f N \n ’ ,R)

Scilab code Exa 14.18 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M_1 =10 // kg // mass o f the 1 s t b l o c k
3 M_2=5 // kg // mass o f the 2nd b l o c k
4 mu=0.25 // c o e f f i c i e n t o f f r i c t i o n between the

b l o c k s and the s u r f a c e
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
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6 // C a l c u l a t i o n s
7 a=g*(M_2 -(mu*M_1))/(M_1+M_2) // m/ s ˆ2 // from eq ’ n 5
8 T=M_1*M_2*g*(1+mu)/(M_1+M_2) // N // from eq ’ n 6
9 // R e s u l t s
10 clc

11 printf( ’ The a c c e l e r a t i o n o f the masses i s %f m/ s ˆ2 \
n ’ ,a)

12 printf( ’ The t e n s i o n i n the s t r i n g i s %f N \n ’ ,T)

Scilab code Exa 14.19 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M_1 =150 // kg // mass o f the 1 s t b l o c k
3 M_2 =100 // kg // mass o f the 2nd b l o c k
4 mu=0.2 // c o e f f i c i e n t o f f r i c t i o n between the b l o c k s

and the i n c l i n e d p l ane
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 theta =45 // d e g r e e // i n c l i n a t i o n o f the s u r f a c e
7 // C a l c u l a t i o n s
8 // s u b s t u t i n g the v a l u e o f eq ’ n 3 i n eq ’ n 1 &

s o l v i n g f o r T, we g e t v a l u e o f T as ,
9 T=((M_1*M_2*g)*(sind(theta)+2-(mu*cosd(theta))))

/((4* M_1)+(M_2)) // N
10 // R e s u l t s
11 clc

12 printf( ’ The t e n s i o n i n the s t r i n g dur ing the motion
o f the system i s %f N \n ’ ,T)

Scilab code Exa 14.20 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M_1=5 // kg // mass o f the 1 s t b l o c k
3 theta_1 =30 // d e g r e e // i n c l i n a t i o n o f the 1 s t p l ane
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4 M_2 =10 // kg // mass o f the 2nd b l o c k
5 theta_2 =60 // d e g r e e // i n c l i n a t i o n o f the 2nd p l ane
6 mu=0.33 // c o e f f i c i e n t o f f r i c t i o n between the

b l o c k s and the i n c l i n e d p l ane
7 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
8 // C a l c u l a t i o n s
9 // s o l v i n g eq ’ n 1 & 2 f o r a we get ,
10 a=(((( M_2*(sind(theta_2)-(mu*cosd(theta_2))))-(M_1*(

sind(theta_1)+(mu*cosd(theta_1))))))*g)/(M_1+M_2)

// m/ s ˆ2
11 // R e s u l t s
12 clc

13 printf( ’ The a c c e l e r a t i o n o f the masses i s %f m/ s ˆ2 \
n ’ ,a)

Scilab code Exa 14.21 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 S=5 // m // d i s t a n c e between b l o c k A&B
3 mu_A =0.2 // c o e f f i c i e n t o f f r i c t i o n between the

b l o c k A and the i n c l i n e d p l ane
4 mu_B =0.1 // c o e f f i c i e n t o f f r i c t i o n between the

b l o c k B and the i n c l i n e d p l ane
5 theta =20 // d e g r e e // i n c l i n a t i o n o f the pane
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a l c u l a t i o //
8 // EQUATION OF MOTION OF BLOCK A:
9 // Let a A & a B be the a c c e l e r a t i o n o f b l o c k A & B.
10 a_A=(g*sind(theta))-(mu_A*g*cosd(theta)) // m/ s ˆ2 //

from eq ’ n 1 & eq ’ n 2
11 // EQUATION OF MOTION OF BLOCK B:
12 a_B=g*(( sind(theta)) -(mu_B*cosd(theta))) // m/ s ˆ2 //

from eq ’ n 3 & Rb
13 // Now the eq ’ n f o r t ime o f c o l l i s i o n o f the b l o c k s

i s g i v e n as ,
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14 t=sqrt((S*2)/(a_B -a_A)) // s e c o n d s
15 S_A =(1/2)*a_A*t^2 // m // d i s t a n c e t r a v e l l e d by

b l o c k A
16 S_B =(1/2)*a_B*t^2 // m // d i s t a n c e t r a v e l l e d by

b l o c k B
17 // R e s u l t s
18 clc

19 printf( ’ The t ime b e f o r e c o l l i s i o n i s %f s e c o n d s \n ’ ,
t)

20 printf( ’ The d i s t a n c e t r a v e l l e d by b l o c k A b e f o r e
c o l l i s i o n i s %f m \n ’ ,S_A)

21 printf( ’ The d i s t a n c e t r a v e l l e d by b l o c k B b e f o r e
c o l l i s i o n i s %f m \n ’ ,S_B)

Scilab code Exa 14.22 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=50 // N // Weight o f the ca r
3 Q=100 // N // Weight o f the r e c t a n g u l a r b l o c k
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 b=25 // cm // width o f the r e c t a n g u l a r b l o c k
6 d=50 // cm // depth o f the b l o c k
7 // C a l c u l a t i o n s
8 a=(Q*g)/(4*P+2*Q) // m/ s ˆ2 // from eq ’ n 4
9 W=(Q*(P+Q))/(4*P+Q) // N // from eq ’ n 6

10 // Resuts
11 clc

12 printf( ’ The maximum v a l u e o f we ight (W) by which the
c a r can be a c c e l e r a t e d i s %f N \n ’ ,W)

13 printf( ’ The a c c e l e r a t i o n i s %f m/ s ˆ2 \n ’ ,a)

Scilab code Exa 14.23 Motion of two Bodies
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1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=40 // N // we ight on pu l ey r 1
3 Q=60 // N // we ight on p u l l e y r 2
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 // C a l c u l a t i o n s
6 // The eq ’ n f o r a c c e l e r a t i o n o f p u l l e y Pi . e a p i s ,
7 a_p =(((2*P) -(Q))/((4*P)+(Q)))*2*g // m/ s ˆ2
8 // R e s u l t s
9 clc

10 printf( ’ The downward a c c e l e r a t i o n o f P i s %f m/ s ˆ2 \
n ’ ,a_p)

Scilab code Exa 14.24 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M=15 // kg // mass o f the wedge
3 m=6 // kg // mass o f the b l o c k
4 theta =30 // d e g r e e // a n g l e o f the wedge
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 a_A =((m*g*cosd(theta)*sind(theta))/((M)+(m*(sind(

theta))^2)))/(g) // g // By e l i m i n a t i n g R 1 from
eq ’ n 1&3.

8 // Here , assume a r i s the a c c e l e r a t i o n o f b l o c k B
r e l a t i v e to wedge A which i s g i v e n by s u b s t u t i n g
a A i n eq ’ n 2

9 a_r =(((g*sind(theta))*(m+M))/((M)+(m*(sind(theta))

^2)))/(g) // g
10 // R e s u l t s
11 clc

12 printf( ’ ( a ) The a c c e l e r a t i o n o f the wedge i s %f g \n
’ ,a_A)

13 printf( ’ ( b ) The a c c e l e r a t i o n o f the bock r e l a t i v e to
the wedge i s %f g \n ’ ,a_r)
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Scilab code Exa 14.25 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=30 // N // we ight on p u l l e y A
3 Q=20 // N // we ight on p u l l e y B
4 R=10 // N // we ight on puey B
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // S o l v i n g eqn ’ s 6 & 7 u s i n g matr ix f o r a & a 1 , we

g e t
8 A=[70 -40;-10 30]

9 B=[10; -10]

10 C=inv(A)*B

11 // A c c e l e r a t i o n o f P i s g i v e n as ,
12 P=C(1) // m/ s ˆ2
13 // A c c e l e r a t i o n o f Q i s g i v e n as ,
14 Q=C(2)-C(1) // m/ s ˆ2
15 // A c c e l e r a t i o n o f R i s g i v e n as ,
16 R=-(C(2)+C(1)) // m/ s ˆ2 // as R i s taken to be +ve
17 // R e s u l t s
18 clc

19 printf( ’ The a c c e l e r a t i o n o f P i s %f g \n ’ ,P)
20 printf( ’ The a c c e l e r a t i o n o f Q i s %f g \n ’ ,Q)
21 printf( ’ The a c c e l e r a t i o n o f R i s %f g \n ’ ,R)
22 // Here the −ve s i g n i n d i c a t e s d e c e l e r a t i o n or

backward /downward a c c e l e a t i o n .

Scilab code Exa 14.30 Motion of two Bodies

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1 // kg /m // we ight o f the bar
3 L_AB =0.6 // m // l e n g t h o f segment AB
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4 L_BC =0.30 // m // l e n g t h o f segment BC
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // Cons ide r the r e s p e c t i v e F .B .D.
8 theta_1=atand (5/12) // s l o p e o f bar AB // he r e

t h e t a 1= atan ( t h e t a )
9 theta_2=asind (5/13) // t h e t a 2=a s i n ( t h e t a )
10 theta_3=acosd (12/13) // t h e t a 3=aco s ( t h e t a )
11 M_AB=L_AB*W // kg a c t i n g at D // Mass o f segment AB
12 M_BC=L_BC*W // kg a c t i n g at E // Mass o f segment BC
13 // The v a r i o u s f o r c e s a c t i n g on the bar a r e :
14 // Wri t ing the eqn ’ s o f dynamic e q u i l i b r i u m
15 Y_A=(L_AB*g)+(L_BC*g) // N // sum F y=0
16 // Using moment eq ’ n Sum M A=0: Here , i n t h i s eq ’ n the

v a l u e s a r e as f o l l o w s ,
17 AF=L_BC*cosd(theta_3)

18 DF=L_BC*sind(theta_2)

19 AH=(L_AB*cosd(theta_3))+(( L_BC /2)*sind(theta_2))

20 IG=(L_AB*sind(theta_2)) -((L_BC /2)*cosd(theta_3))

21 // On s i m p l i f y i n g and s o l v i n g moment eq ’ n we ge t a
as ,

22 a=((2* L_AB*L_BC*g*sind(theta_2))-(L_BC*g*(L_BC /2)*

cosd(theta_3)))/((2* L_AB*L_BC*cosd(theta_3))+(

L_BC*(L_BC /2)*sind(theta_2))) // m/ s ˆ2
23 X_A =0.9*a //N // from eq ’ n o f dynamic e q u i l i b r i u m
24 R_A=sqrt(X_A^2+ Y_A^2) // N // R e s u l t a n t o f R A
25 alpha=atand(Y_A/X_A) // d e g r e e
26 // R e s u l t s
27 clc

28 printf( ’ The a c c e l e r a t i o n i s %f m/ s ˆ2 \n ’ ,a)
29 printf( ’ The r e a c t i o n at A (R A) i s %f N \n ’ ,R_A)
30 printf( ’ The a n g l e made by the r e s u l t a n t i s %f d e g r e e

\n ’ ,alpha)
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Chapter 15

Curvilinear motion of a particle

Scilab code Exa 15.2 Components of Acceleration

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 r=200 // m // r a d i u s o f the curved road
3 v_1 =72*(1000/3600) // m/ s // i n i t i a l speed o f the

c a r
4 v_2 =36*(1000/3600) // m/ s // speed o f the c a r a f t e r

10 s e c o n d s
5 t=10 // s e c o n d s
6 // C a l c u l a t i o n s
7 A_n=v_1^2/r // m/ s ˆ2 // normal component o f

a c c e l e r a t i o n
8 A_t=0 // s i n c e dv/ dt=0 // t a n g e n t i a l component o f

a c c e e r a t i o n
9 delv=v_1 -v_2

10 delt=t-0

11 a_t=delv/delt // m/ s ˆ2 // t a n g e n t i a l component o f
d e c e l e r a t i o n a f t e r the b rake s a r e a p p l i e d

12 a_n=v_1^2/r // m/ s ˆ2 // normal component o f
d e c e l e r a t i o n a f t e r the b rake s a r e a p p l i e d

13 // R e s u l t s
14 clc

15 printf( ’ The normal component o f a c c e l e r a t i o n i s %f m
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/ s ˆ2 \n ’ ,A_n)
16 printf( ’ The t a n g e n t i a l component o f a c c e l e r a t i o n i s

%f m/ s ˆ2 \n ’ ,A_t)
17 printf( ’ The normal component o f d e c e l e r a t i o n i s %f m

/ s ˆ2 \n ’ ,a_n)
18 printf( ’ The t a n g e n t i a l component o f d e c e l e r a t i o n i s

%f m/ s ˆ2 \n ’ ,a_t)

Scilab code Exa 15.3 Components of Acceleration

1 // I i n t i l i z a t i o n o f v a r i a b l e s
2 r=250 // m // r a d i u s o f the curved road
3 a_t =0.6 // m/ s ˆ2 // t a n g e n t i a l a c c e l e r a t i o n
4 a=0.75 // m/ s ˆ2 // t o t a l a c c e l e r a t i o n a t t a i n e d by

the ca r
5 // C a l c u l a t i o n s
6 a_n=sqrt(a^2-a_t^2) // m/ s ˆ2
7 v=sqrt(a_n*r) // m/ s
8 // Using v=u+a∗ t
9 u=0

10 t=v/a_t // s e c o n d s
11 // Now u s i n g vˆ2−uˆ2=2∗a∗ s
12 s=v^2/(2* a_t) // m
13 // R e s u l t s
14 clc

15 printf( ’ The d i s t a n c e t r a v e l e d by the c a r i s %f m \n
’ ,s)

16 printf( ’ The t ime f o r which the c a r t r a v e l s i s %f
s e c o n d s \n ’ ,t)

Scilab code Exa 15.5 Morion of a particle on a curved frictionless path

1 // I n i t i l i z a t i o n o f v a r i a b l e s
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2 v=10 // m/ s // speed o f the c a r
3 r=200 // m // r a d i u s o f the road
4 t=15 // s e c o n d s
5 // C a l c u l a t i o n s
6 omega=(v/r) // r a d i a n / s e c o n d s // a n g u l a r v e l o c i t y o f

the ca r
7 // V e l o c i t y i n x & y d i r e c t i o n i s g i v e n by eq ’ n
8 v_x=omega*r*sind(omega *(180/ %pi)*t) // m/ s // v a l u e

o f v x i s −ve but we c o n s i d e r i t to be +ve f o r
c a l c u l a t i o n s

9 v_y=omega*r*cosd(omega *(180/ %pi)*t) // m/ s
10 // A c c e l e r a t i o n i n x & y d i r e c t i o n i s g i v e n by
11 a_x=omega ^2*r*cosd(omega *(180/ %pi)*t) // m/ s ˆ2 //

v a l u e o f a x i s −ve but we c o n s i d e r i t to be +ve
f o r c a l c u l a t i o n s

12 a_y=omega ^2*r*sind(omega *(180/3.14)*t) // m/ s ˆ2 //
v a l u e o f a y i s −ve but we c o n s i d e r i t to be +ve
f o r c a l c u l a t i o n s

13 a=sqrt(a_x ^2+a_y^2) // m/ s ˆ2 // t o t a l acc
14 phi=atand(a_y/a_x) // d e g r e e s // d i r e c t i o n o f

a c c e l e r a t i o n
15 // Components i n t a n g e n t i a l and normal d i r e c t i o n s
16 // V e l o c i t y
17 v_n=0 // m/ s
18 v_t=v // m/ s
19 // A c c e l e r a t i o n
20 a_n=v^2/r // m/ s ˆ2 // normal acc
21 a_t=0 // t a n g e n t i a l acc
22 // a n g u l a r p o s i t i o n o f the c a r a f t e r 15 s e c
23 theta=omega *(180/ %pi)*t // d e g r e e s
24 // R e s u l t s
25 clc

26 printf( ’ The component o f v e l o c i t y i n X d i r e c t i o n (
v x ) i s %f m/ s \n ’ ,v_x)

27 printf( ’ The component o f v e l o c i t y i n Y d i r e c t i o n (
v y ) i s %f m/ s \n ’ ,v_y)

28 printf( ’ The component o f a c c e l e r a t i o n i n X d i r e c t i o n
( a x ) i s %f m/ s ˆ2 \n ’ ,a_x)
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29 printf( ’ The component o f a c c e l e r a t i o n i n Y d i r e c t i o n
( a y ) i s %f m/ s ˆ2 \n ’ ,a_y)

30 printf( ’ The t o t a l a c c e l e r a t i o n i s %f m/ s ˆ2 and i t s
d i r e c t i o n i s %f d e g r e e s \n ’ ,a,phi)

31 printf( ’ The normal a c c e l e r a t i o n i s %f m/ s ˆ2 and
t a n g e n t i a l a c c e l e r a t i o n i s %f m/ s ˆ2 \n ’ ,a_n ,a_t)

Scilab code Exa 15.6 Motion of a particle on a curved frictionless path

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 t=1 // s e c o n d s
3 pi=3.14

4 // C a l c u l a t i o n s
5 // From the e q u a t i o n s o f r and t h e t a g i v e n we f i n d 1

s t & 2nd d e r a t i v e and s u b s t i t u t e t=1 s e c Here we
c o n s i d e r the 1 s t d e r a t i v e as r 1 & t h e t a 1 and so
on . . .

6 r=(1.25*t^2) -(0.9*t^3) // m
7 r_1 =(1.25*(2*t)) -(0.9*(3*t^2)) // m/ s
8 r_2 =2.5 -(0.9*3*(2*t)) // m/ s ˆ2
9 theta=(pi/2) *(4*t-3*t^2) // r a d i a n
10 theta_1 =(pi/2) *(4 -(6*t)) // rad / second
11 theta_2 =(pi/2) *(0 -(6*t)) // rad / second ˆ2
12 // V e l o c i t y o f c o l l a r P
13 v_r=r_1 // m/ s
14 v_theta=r*theta_1 // m/ s
15 v=sqrt(v_r ^2+ v_theta ^2) // m/ s
16 alpha=atand(v_theta/v_r) // d e g r e e
17 // A c c e l e r a t i o n o f the c o l l a r P
18 a_r=r_2 -(r*theta_1 ^2) // m/ s ˆ2
19 a_theta =(r*theta_2)+(2* r_1*theta_1) // m/ s ˆ2
20 a=sqrt(a_r ^2+ a_theta ^2) // m/ s ˆ2
21 beta=atand(a_theta/a_r) // d e g r e e
22 // A c c e l e r a t i o n o f c o l l a r P r e l a t i v e to the rod . Let

i t be a r e l a t i v e
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23 a_relative=r_2 // m/ s ˆ2 // towards O
24 // C a l c u l a t i o n s
25 clc

26 printf( ’ The v e l o c i t y o f the c o l l a r i s %f m/ s \n ’ ,v)
27 printf( ’ The a c c e l a r a t i o n o f the c o l l a r i s %f m/ s ˆ2 \

n ’ ,a)
28 printf( ’ The a c c e l e r a t i o n o f the c o l l a r r e l a t i v e to

the rod i s %f m/ s ˆ2 \n ’ ,a_relative)

Scilab code Exa 15.7 Components of motion

1 // Cons ide r the eq ’ ns o f motion from the book
2 // The n o t a t i o n s have been changed f o r the

d e r i v a t i v e s o f r & t h e t a
3 // ( 1 ) At t=0 s
4 theta_0 =0

5 theta_1 =2*%pi // rad / s
6 theta_2 =0

7 r_0=0

8 r_1 =10 // cm/ s
9 r_2=0

10 // At t =0.3 s
11 t=0.3 // s e c
12 theta =2* %pi*t // rad
13 theta1 =2*%pi // rad / s
14 theta2 =0

15 r=10*t // cm
16 r1=10 // cm/ s
17 r2=0

18 // ( i )
19 // V e l o c i t y
20 v_r=r_1 // cm/ s
21 v_theta=r_0*theta_1

22 v=sqrt(v_r ^2+ v_theta ^2) // cm/ s
23 // A c c e l e r a t i o n
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24 a_r=r_2 -(r_0*theta_1 ^2) // cm/ s ˆ2
25 a_theta =(r_0*theta_2)+(2* r_1*theta_1) // cm/ s ˆ2
26 a=sqrt(a_r ^2+ a_theta ^2) // cm/ s ˆ2
27 // ( i i )
28 // V e l o c i t y
29 V_R=r1 // cm/ s
30 V_theta=r*theta1 // cm/ s
31 V=sqrt(V_R ^2+ V_theta ^2) // cm/ s
32 // A c c e l e r a t i o n
33 A_r=r2 -(r*theta1 ^2) // cm/ s ˆ2
34 A_theta =(r*theta2)+(2*r1*theta1) // cm/ s ˆ2
35 A=sqrt(A_r ^2+ A_theta ^2) // cm/ s ˆ2
36 // R e s u l t s
37 clc

38 printf( ’ The v e l o c i t y and the a c c e l e r a t i o n o f the
p a r t i c e at t=0 s i s %f cm/ s & %f cm/ s ˆ2 \n ’ ,v,a)

39 printf( ’ The v e l o c i t y and the a c c e l e r a t i o n o f the
p a r t i c e at t =0.3 s i s %f cm/ s & %f cm/ s ˆ2 \n ’ ,V,A
)

Scilab code Exa 15.9 Equations of dynamic equilibrium

1 // C a l c u l a t i o n s
2 // Tens ion i n the w i r e b e f o r e i t i s cut
3 T_ab =1/((2.747*0.643) +(0.766)) // From eqn ’ s 1 & 2 . .

Here T ab i s m u l t i p l i e d with W ( i . e we ight o f
s m a l l b a l l )

4 T_AB=cosd (40) // Tens ion i n the w i r e a f t e r the w i r e
i s cut . Again T AB i s m u l t i p l i e d with W.

5 // R e s u l t s
6 clc

7 printf( ’ The t e n s i o n i n the w i r e b e f o r e and a f t e r i t
i s cut i s r e s p e c t i v e l y %f W & %f W \n ’ ,T_ab ,T_AB)
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Scilab code Exa 15.10 Equations of dynamic equilibrium

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 mu_a =0.40 // c o e f f i c i e n t o f f r i c t i o n under b l o c k A
3 n=40 // r . p .m // speed o f r o t a t i o n o f f rame
4 W_A =120 // N // we ight o f b l o c k A
5 W_B =80 // N // we ight o f b l o c k B
6 r_1 =1.2 // m // d i s t a n c e between W A & a x i s o f

r o t a t i o n
7 r_2 =1.6 // m // d i s t a n c e between W B & a x i s o f

r o t a t i o n
8 g=9.81 // m/ s ˆ2
9 // C a l c u l a t i o n s
10 // Cons ide r the F .B .D o f b l o c k A
11 N=W_A // N // sum F y=0
12 omega =(2* %pi*n)/60 // rad / s e c
13 a_n=omega ^2*r_1 // m/ s ˆ2
14 T=((W_A/g)*a_n)-(mu_a*W_A) // N
15 // Now c o n s i d e r the F .B .D o f b l o c k B
16 A_n=omega ^2*r_2 // m/ s ˆ2
17 N_1=(W_B/g)*A_n // N // sum F x=0
18 mu=(T-W_B)/N_1 // sum F x=0
19 // R e s u l t s
20 clc

21 printf( ’ The c o e f f i c i e n t o f f r i c t i o n o f b l o c k B i s %f
\n ’ ,mu)

Scilab code Exa 15.12 Motion of particle on curved frictionless path

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=10000 // N // Weight o f the l o c o m o t i v e
3 // C a l c u l a t i o n s
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4 // Cons ide r the v a r i o u s d e r i v a t i o n s g i v e n i n the
t ex tbook

5 R_max=W/20 // N // eq ’ n f o r max r e a c t i o n
6 // The p o s i t i o n o f o c c u r e n c e o f maximum t h r u s t

cannot be d e f i n e d he r e . Re f e r t ex tbook f o r the
answer

7 // R e s u l t s
8 clc

9 printf( ’ The maximum l a t e r a l t h r u s t i s %f N \n ’ ,R_max
)

Scilab code Exa 15.13 motion of a particle on curved frictionless path

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=10 // N // Weight o f the b a l l
3 // C a l c u l a t i o n s
4 // c o n s i d e r the eq ’ n d e r i v e d to f i n d the r e a c t i o n ,

g i v e n as
5 R=W*(1+((2* %pi^2)/9)) // N
6 // R e s u l t s
7 clc

8 printf( ’ The v a l u e o f the r e a c t i o n i s %f N \n ’ ,R)

Scilab code Exa 15.15 Motion of a particle in a curved frictionless path

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 P=50 // N // Weight o f b a l l P
3 Q=50 // N // Weight o f b a l l Q
4 R=100 // N // Weight o f the g o v e r n i n g d e v i c e
5 l=0.3 // m // l e n g t h o f each s i d e
6 theta =30 // d e g r e e
7 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
8 // C a l c u l a t i o n s
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9 // Cons ide r the r e s p e c t i v e F .B .D
10 r=l*sind(theta) // m // Radius o f c i r c e
11 // On s o l v i n g eqn ’ s 1 ,2 &3 we ge t the v a l u e o f v as ,
12 v=sqrt (((Q+R)*g*r)/(( sqrt (3))*Q)) // m/ s
13 // But the eq ’ n v=omega∗ r we ge t the v a l u e o f N as ,
14 N=(60*v)/(2* %pi*r) // r . p .m
15 // R e s u l t s
16 clc

17 printf( ’ The speed o f r o t a t i o n i s %f r . p .m \n ’ ,N)
18 // NOTE: In the t e x t book (A.K. Tayal ) t h i s sum i s

numbered as ’EXAMPLE 1 5 . 1 4 ’ which i s i n c o r r e c t .

Scilab code Exa 15.16 Motion of a particle in a curved frictionless path

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 Q=20 // N // Weight o f the gove rno r d e v i c e
3 W=10 // N // Weight o f the f l y b a l l s
4 theta =30 // d e g r e e // a n g l e between the v e r t i c a l

s h a f t and the a x i s AB
5 l=0.2 // m // l e n g t h o f the s h a f t
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a l c u l a t i o n s
8 // Cons ide r the r e s p e c t i v e F .B .D
9 // Radius o f the c i r c l e i s g i v e n as ,
10 r=Q*sind(theta)*(10^ -2) // m
11 // S o l v i n g eq ’ n 1 & 2 f o r v . The eq ’ n f o r v i s g i v e n

as ,
12 v=sqrt (((W*l*0.5) +(0.05*Q))/((W*0.2* sqrt (3))/(2*g*r)

)) // m/ s
13 // But , v=r ∗omega=2∗ p i ∗N∗ r / 6 0 . From t h i s eq ’ n we g e t

N as ,
14 N=(v*60) /(2* %pi*r) // r . p .m.
15 // R e s u l t s
16 clc

17 printf( ’ The speed o f the f l y−b a l l s i s %f r . p .m \n ’ ,N
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)

Scilab code Exa 15.18 Motion of vehicles on leveled and banked roads

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 r=50 // m // r a d i u s o f the road
3 mu=0.15 // c o e f f i c i e n t o f f r i c t i o n between the

whee l s and the road
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 // C a l c u l a t i o n s
6 // The eq ’ n f o max speed o f the v e h i c l e w i thout

s k i d d i n g i s
7 v=sqrt(mu*g*r) // m/ s
8 // The a n g l e t h e t a made with the v e r t i c a l w h i l e

n e g o t i a t i n g the c o r n e r i s
9 theta=atand(v^2/(g*r)) // d e g r e e
10 // R e s u l t s
11 clc

12 printf( ’ The maximum speed with which the v e h i c l e can
t r a v e l i s %f m/ s \n ’ ,v)

13 printf( ’ The a n g l e made with the v e r t i c a l i s %f
d e g r e e \n ’ ,theta)

Scilab code Exa 15.19 Motion of vehicles on leveled and banked roads

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v=100*(1000/3600) // m/ s // or 100 km/ hr
3 r=250 // m // r a d i u s o f the road
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 // C a l c u l a t i o n s
6 // The a n g l e o f banking i s g i v e n by eq ’ n ,
7 theta=atand ((v^2)/(g*r)) // d e g r e e
8 // R e s u l t s
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9 clc

10 printf( ’ The a n g l e o f banking o f the t r a c k i s %f
d e g r e e \n ’ ,theta)

Scilab code Exa 15.20 Motion of vehicles on leveled and banked roads

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=10000 // N // Weight o f the ca r
3 r=100 // m // r a d i u s o f the road
4 v=10 // m/ s // speed o f the c a r
5 h=1 // m // h e i g h t o f the C .G o f the c a r above the

ground
6 b=1.5 // m // d i s t a n c e between the whee l s
7 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
8 // C a l c u l a t i o n s
9 // The r e a c t i o n s at the whee l s a r e g i v e n by t e eq ’ ns

:
10 R_A=(W/2)*(1 -((v^2*h)/(g*r*b))) // N // Reac t i on at

A
11 R_B=(W/2) *(1+((v^2*h)/(g*r*b))) // N // Reac t i on at

B
12 // The eq ’ n f o r max speed to avo id o v e r t u r n i n g on

l e v e l ground i s ,
13 v_max=sqrt((g*r*(b/2))/(h)) // m/ s
14 // R e s u l t s
15 clc

16 printf( ’ The r e a c t i o n at Wheel A (R A) i s %f N \n ’ ,
R_A)

17 printf( ’ The r e a c t i o n at Wheel B ( R B ) i s %f N \n ’ ,
R_B)

18 printf( ’ The maximum speed at which the v e h i c l e can
t r a v e l w i thout the f e a r o f o v e r t u r n i n g i s i s %f m
/ s \n ’ ,v_max)
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Scilab code Exa 15.21 Motion of vehicles on leveled and banked roads

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=1 // N // Weight o f the bob
3 theta=8 // d e g r e e // a n g l e made by the bob with the

v e r t i c a l
4 r=100 // m // r a d i u s o f the curve
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // from eq ’ n 1 & 2 we ge t v as ,
8 v=(sqrt(g*r*tand(theta)))*(3600/1000) // km/ hr
9 T=W/cosd(theta) // N // from eq ’ n 2

10 // R e s u l t s
11 clc

12 printf( ’ The speed o f the c a r i a g e i s %f km/ hr \n ’ ,v)
13 printf( ’ The t e n s i o n i n the chord i s %f N \n ’ ,T)
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Chapter 16

Kinetics of a Particle Work and
Energy

Scilab code Exa 16.1 Work of the Force of Spring

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 k=1000 // N/m // s t i f f n e s s o f s p r i n g
3 x_1 =0.1 // m // d i s t a n c e upto which the s p r i n g i s

s t r e t c h e d
4 x_2 =0.2 // m
5 x_0=0 // i n i t i a l p o s i t i o n o f s p r i n g
6 // C a l c u l a t i o n s
7 // Work r e q u i r e d to s t r e t c h the s p r i n g by 10 cm from

undeformed p o s i t i o n i s g i v e n as ,
8 U_10=-(k/2)*(x_1^2-x_0 ^2) // N−m
9 // Work r e q u i r e d to s t r e t c h from 10 cm to 20 cm i s ,
10 U= -(1/2)*k*(x_2^2-x_1 ^2) // N−m
11 // R e s u l t s
12 clc

13 printf( ’ The work o f the s p r i n g f o r c e i s %f N−m \n ’ ,
U_10)

14 printf( ’ The work r e q u i r e d to s t r e t c h the s p r i n g by
20 cm i s %f N−m \n ’ ,U)
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Scilab code Exa 16.3 Work and energy principle for a system of particles

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M_A =100 // kg // mass o f b l o c k A
3 M_B =150 // kg // mass o f b l o c k B
4 mu=0.2 // c o e f f i c i e n t o f f r i c t i o n between the b l o c k s

and the s u r f a c e
5 x=1 // m // d i s t a n c e by which b l o c k A moves
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a l c u l a t i o n s
8 // Cons ide r the r e s p e c t i v e F .B .D
9 // Apply ing the p r i n c i p l e o f work and ene rgy to the

system o f b l o c k s A&B and on s i m p l i f y i n g we g e t
the v a l u e o f v as ,

10 v=sqrt(((-mu*M_A*g)+(M_B*g))/(125)) // m/ s
11 // R e s u l t s
12 clc

13 printf( ’ The v e l o c i t y o f b l o c k A i s %f m/ s \n ’ ,v)

Scilab code Exa 16.4 Power

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M=500*10^3 // kg // mass o f the t r a i n
3 u=0 // m/ s // i n i t i a l speed
4 v=90*(1000/3600) // m/ s // f i n a l speed
5 t=50 // s e c o n d s
6 F_r =15*10^3 // N // F r i c t i o a l r e s i s t a n c e to motion
7 // C a l c u l a t i o n s
8 // A c c e l e r a t i o n i s g i v e n as ,
9 a=v/t // m/ s ˆ2

10 // The t o t a l f o r c e r e q u i r e d to a c c e l e r a t e the t r a i n
i s ,
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11 F=M*a // N
12 // The maximum power r e q u i r e d i s at , t =50 s & v=25 m/

s
13 P=(F+F_r)*v*(10^ -6) // MW
14 // At any t ime a f t e r 50 seconds , the f o r c e r e q u i r e d

on ly to overcome the f r i c t i o n a l r e s i s t a n c e o f
15∗10ˆ3 N i s ,

15 P_req=F_r*v*(10^ -3) // kW
16 // R e s u l t s
17 clc

18 printf( ’ ( a ) The maximum power r e q u i r e d i s %f MW \n ’ ,
P)

19 printf( ’ ( b ) The power r e q u i r e d to ma inta in a speed
o f 90 km/ hr i s %f kW \n ’ ,P_req)

Scilab code Exa 16.5 Principle of conservation of energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=50 // N // Weight suspended on s p r i n g
3 k=10 // N/cm // s t i f f n e s s o f the s p r i n g
4 x_2 =15 // cm // measured e x t e n s i o n s
5 h=10 // cm // h e i g h t f o r p o s i t i o n 2
6 // C a l c u l a t i o n s
7 // Cons ide r the r e q u i r e d F .B .D.
8 // POSITION 1 : The f o r c e e x e r t e d by the s p r i n g i s ,
9 F_1=W // N
10 // Exten s i on o f s p r i n g from undeformed p o s i t i o n i s

x 1 ,
11 x_1=F_1/k // cm
12 // POSITION 2 : When p u l l e d by 10 cm to the f l o o r . P .

E o f we ight i s ,
13 P.E_g=-W*h // N−cm // (P . E g= P . E g r a v i t y )
14 // P . E o f the s p r i n g with r e s p e c t to p o s i t i o n 1
15 P.E_s =(1/2)*k*(x_2^2-x_1^2) // N−cm // (P . E s= P . E

s p r i n g )

112



16 // Tota l P . E o f the system with r e s p e c t to p o s i t i o n
1

17 P.E_t=P.E_g+P.E_s // N−cm // (P . E t= P . E t o t a l )
18 // Tota l ene rgy o f the system ,
19 E_2=P.E_t // N−cm
20 // Tota l ene rgy o f the system i n p o s i t i o n 3 w. r . t

p o s i t i o n 1 i s :
21 x=-sqrt (100) // cm
22 x=+sqrt (100) // cm
23 // R e s u l t s
24 clc

25 printf( ’ The p o t e n t i a l ene rgy o f the system i s %f N−
cm \n ’ ,E_2)

26 printf( ’ The maximum h e i g h t above the f l o o r tha t the
we ight W w i l l a t t a i n a f t e r r e l e a s e i s %f cm \n ’ ,x
)

Scilab code Exa 16.6 Principle of conservation of energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=5 // kg // mass o f the b a l l
3 k=500 // N/m // s t i f f n e s s o f the s p r i n g
4 h=10 // cm // h e i g h t o f drop
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // Cons ide r the r e s p e c t i v e F .B .D.
8 // In eq ’ n 1 s u b s t i t u t e the r e s p e c t i v e v a l u e s and

s i m p l i f y i t f u r t h e r . In t h i s eq ’ n o f 2nd d e g r e e a
=1 b=−0.1962 & c =−0.01962. Thus the r o o t s o f the
eq ’ n i s g i v e n as ,

9 a=1

10 b= -0.1962

11 c= -0.01962

12 delta=((-b+(sqrt((b^2) -(4*a*c))))/(2*a))*(10^2) //
cm // We c o n s i d e r the +ve v a l u e o f d e l t a
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13 // R e s u l t s
14 clc

15 printf( ’ The maximum d e f l e c t i o n o f the s p r i n g i s %f
cm \n ’ ,delta)

Scilab code Exa 16.7 Principle of conservation of energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=5 // kg // mass o f the b a l l
3 k=500 // N/m // s t i f f n e s s o f the s p r i n g
4 h=0.1 // m // h e i g h t o f v e r t i c a l f a l l
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // Cons ide r the r e s p e c t i v e F .B .D
8 // On e q u a t i n g the t o t a l e n e r g i e s at p o s i t i o n 1 & 2

we g e t eq ’ n o f d e l t a as ,
9 delta=sqrt ((2*m*g*h)/(k)) // m

10 // R e s u l t s
11 clc

12 printf( ’ The maximum compre s s i on o f the s p r i n g i s %f
m \n ’ ,delta)

Scilab code Exa 16.9 Principle of conservation of energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=5 // kg // mass o f the c o l l a r
3 k=500 // N/m // s t i f f n e s s o f the s p r i n g
4 AB=0.15 // m // R e f e r the F .B .D f o r AB
5 AC=0.2 // m // R e f e r the F .B .D f o r AC
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a l c u l a t i o n s
8 // Cons ide r the r e s p e c t i v e F .B .D
9 // POSITION 1 :
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10 P.E_1=m*g*(AB)+0

11 K.E_1=0

12 E_1=P.E_1+K.E_1 //
13 // POSITION 2 : Length o f the s p r i n g i n p o s i t i o n 2
14 CB=sqrt(AB^2+AC^2) // m
15 // x i s the e x t e n s i o n i n the s p r i n g
16 x=CB -AC // m
17 // On s u b s t u t i n g and Equat ing e q u a t i o n s o f t o t a l

e n e r g i e s f o r p o s i t i o n 1 & p o s i t i o n 2 we g e t the
v a l u e o f v as ,

18 v=sqrt (((E_1 -((1/2)*k*x^2))*2)/m) // m/ s
19 // R e s u l t s
20 clc

21 printf( ’ The v e l o c i t y o f the c o l l a r w i l l be %f m/ s \n
’ ,v)

22 // The answer g i v e n i n the t e x t book ( v =16.4 m/ s ) i s
wrong .

Scilab code Exa 16.10 Principle of work and energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=5 // kg // mass o f the b l o c k
3 theta =30 // d e g r e e // i n c l i n a t i o n o f the p l ane
4 x=0.5 // m // d i s t a n c e t r a v e l l e d by the b l o c k
5 k=1500 // N/m // s t i f f n e s s o f the s p r i n g
6 mu=0.2 // c o e f f i c i e n t o f f r i c t i o n between the b l o c k

and the s u r f a c e
7 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
8 // C a l c u l a t i o n s
9 // Cons ide r the F .B .D o f the b l o c k

10 // Apply ing the p r i n c i p l e o f work and ene rgy between
the p o s i t i o n s 1 & 2 and on f u r t h e r

s i m p l i f i c a t i o n we g e t the g e n e r i c eq ’ n f o r d e l t a
as , 750∗ d e l t a ˆ2−16.03∗ d e l t a −8.015=0. From t h i s eq
’ n e have v a l u e s o f a . b & c as ,
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11 a=750

12 b= -16.03

13 c= -8.015

14 // Thus the r o o t s o f the eq ’ n a r e g i v e n as ,
15 delta=(-b+(sqrt(b^2-(4*a*c))))/(2*a) // m
16 // R e s u l t s
17 clc

18 printf( ’ The maximum compre s s i on o f the s p r i n g i s %f
m \n ’ ,delta)

Scilab code Exa 16.11 Principle of conservation of energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M=10 // kg // Here M=M 1=M 2
3 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
4 // C a l c u l a t i o n s
5 // Cons ide r the r e s p e c t i v e F .B .D
6 // Apply ing the p r i n c i p l e o f c o n s e r v a t i o n o f ene rgy

and by e q u a t i n g the t o t a l e n e r g i e s at p o s i t i o n 1
& p o s i t i o n 2 we g e t v as ,

7 v=sqrt((M*g*4) /(25)) // m/ s
8 // R e s u l t s
9 clc

10 printf( ’ The v e l o c i t y o f mass M 2 i s %f m/ s \n ’ ,v)
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Chapter 17

Kinetics of a Particle Impulse
and Momentum

Scilab code Exa 17.1 Principle of impulse and momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=0.1 // kg // mass o f b a l l
3 // C a l c u l a t i o n s
4 // Cons ide r the r e s p e c t i v e F .B .D.
5 // For component eq ’ n i n x−d i r e c t i o n
6 delta_t =0.015 // s e c o n d s // t ime f o r which the b a l l

&the bat a r e i n c o n t a c t
7 v_x_1=-25 // m/ s
8 v_x_2 =40* cosd (40) // m/ s
9 F_x_average =((m*( v_x_2))-(m*( v_x_1)))/( delta_t) // N

10 // For component eq ’ n i n y−d i r e c t i o n
11 delta_t =0.015 // s c e o n d s
12 v_y_1=0 // m/ s
13 v_y_2 =40* sind (40) // m/ s
14 F_y_average =((m*v_y_2) -(m*(v_y_1)))/( delta_t) // N
15 F_average=sqrt(F_x_average ^2+ F_y_average ^2) // N
16 // R e s u l t s
17 clc

18 printf( ’ The ave rage impu l e s f o r c e e x e r t e d by the bat
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on the b a l l i s %f N \n ’ ,F_average)

Scilab code Exa 17.2 Principle of impulse and momentum

1 // I n i t i l i a t i o n o f v a r i a b l e s
2 m_g =3000 // kg // mass o f the gun
3 m_s =50 // kg // mass o f the s h e l l
4 v_s =300 // m/ s // i n i t i a l v e l o c i t y o f s h e l l
5 s=0.6 // m // d i s t a n c e at which the gun i s brought

to r e s t
6 v=0 // m/ s // i n i t i a l v e l o c i t y o f gun
7 // C a l c u l a t i o n s
8 // On e q u a t i n g eq ’ n 1 & eq ’ n 2 we ge t v g as ,
9 v_g=(m_s*v_s)/(-m_g) // m/ s
10 // Using vˆ2−uˆ2=2∗a∗ s to f i n d a c c e l e r a t i o n ,
11 a=(v^2-v_g ^2) /(2*s) // m/ s ˆ2
12 // Force r e q u i r e d to s t op the gun ,
13 F=m_g*(-a) // N // he r e we make a +ve to f i n d the

Force
14 // Time r e q u i r e d to s t op the gun , u s i n g v=u+a∗ t :
15 t=(-v_g)/(-a) // s e c o n d s // we take −a to c o n s i d e r

+ve v a l u e o f a c c e l e r a t i o n
16 // R e s u l t s
17 clc

18 printf( ’ The r e c o i l v e l o c i t y o f gun i s %f m/ s \n ’ ,v_g
)

19 printf( ’ The Force r e q u i r e d to s top the gun i s %f N \
n ’ ,F)

20 printf( ’ The t ime r e q u i r e d to s t op the gun i s %f
s e c o n d s \n ’ ,t)

Scilab code Exa 17.3 Principle of impulse and momentum
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1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m_m =50 // kg // mass o f man
3 m_b =250 // kg // mass o f boat
4 s=5 // m // l e n g t h o f the boat
5 v_r=1 // m/ s // he r e v r=v (m/b )= r e l a t i v e v e l o c i t y

o f man with r e s p e c t to boat
6 // C a l c u l a t i o n s
7 // V e l o c i t y o f man i s g i v e n by , v m=(−v r )+v b
8 // F i n a l momentum o f the man and the boat=m m∗v m+

m b∗ v b . From t h i s eq ’ n v b i s g i v e n as
9 v_b=(m_m*v_r)/(m_m+m_b) // m/ s // t h i s i s the

a b s o l u t e v e l o c i t y o f the boat
10 // Time taken by man to move to the o t h e r end o f the

boat i s ,
11 t=s/v_r // s e c o n d s
12 // The d i s t a n c e t r a v e l l e d by the boat i n the same

t ime i s ,
13 s_b=v_b*t // m to r i g h t from O
14 // R e s u l t s
15 clc

16 printf( ’ ( a ) The v e l o c i t y o f boat as ob s e rved from
the ground i s %f m/ s \n ’ ,v_b)

17 printf( ’ ( b ) The d i s t a n c e by which the boat g e t s
s h i f t e d i s %f m \n ’ ,s_b)

Scilab code Exa 17.5 Principle of impulse and momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M=250 // kg // mass o f the boat
3 M_1 =50 // kg // mass o f the man
4 M_2 =75 // kg // mass o f the man
5 v=4 // m/ s // r e l a t i v e v e l o c i t y o f man w. r . t boat
6 // C a l c u l a t i o n s
7 // ( a )
8 // Let the i n c r e a s e i n the v e l o c i t y or the f i n a l
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v e l o c i t y o f the boat when TWO MEN DIVE
SIMULTANEOUSLY i s g i v e n by eq ’ n ,

9 deltaV_1 =(( M_1+M_2)*v)/(M+(M_1+M_2)) // m/ s
10 // ( b ) // The i n c r e a s e i n the v e l o c i t y or the f i n a l

v e l o c i t y o f the boat when man o f 75 kg d i v e s 1 s t
f o l l o w e d by man o f 50 kg

11 // Man o f 75 kg d i v e s f i r s t , So l e t the f i n a l
v e l o c i t y i s g i v e n as

12 deltaV_75 =(M_2*v)/((M+M_1)+M_2) // m/ s
13 // Now l e t the man o f 50 kg jumps next , Here
14 deltaV_50 =(M_1*v)/(M+M_1) // m/ s
15 // Let f i n a l v e l o c i t y o f boat i s ,
16 deltaV_2 =0+ deltaV_75+deltaV_50 // m/ s
17 // ( c )
18 // The man o f 50 kg jumps f i r s t ,
19 delV_50 =(M_1*v)/((M+M_2)+(M_1)) // m/ s
20 // the man o f 75 kg jumps next ,
21 delV_75 =(M_2*v)/(M+M_2) // m/ s
22 // F i n a l v e l o c i t y o f boat i s ,
23 deltaV_3 =0+ delV_50+delV_75 // m/ s
24 // R e s u l t s
25 clc

26 printf( ’ ( a ) The F i n a l v e l o c i t y o f boat when two men
d i v e s i m u l t a n e o u s l y i s %f m/ s \n ’ ,deltaV_1)

27 printf( ’ ( b ) The F i n a l v e l o c i t y o f boat when the man
o f 75 kg d i v e s f i r s t and 50 kg d i v e s second i s %f
m/ s \n ’ ,deltaV_2)

28 printf( ’ ( 3 ) The F i n a l v e l o c i t y o f boat when the man
o f 50 kg d i v e s f i r s t f o l l o w e d by the man o f 75 kg
i s %f m/ s \n ’ ,deltaV_3)

Scilab code Exa 17.6 Principle of impulse and momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m_m =70 // kg // mass o f man
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3 m_c =35 // kg // mass o f canoe
4 m=25/1000 // kg // mass o f b u l l e t
5 m_wb =2.25 // kg // mass o f wodden b l o c k
6 V_b=5 // m/ s // v e l o c i t y o f b l o c k
7 // C a l c u l a t i o n s
8 // C o n s i d e r i n g I n i t i a l Momentum o f b u l l e t=F i n a l

momentum o f b u l l e t & the b l o c k we have , V e l o c i t y
o f b u l l e t ( v ) i s g i v e n by eq ’ n ,

9 v=(V_b*(m_wb+m))/(m) // m/ s
10 // Cons ide r i ng , Momentum o f the b u l l e t=Momentum o f

the canoe & the man , the v e l o c i t y on canoe i s
g i v e n by eq ’ n

11 V=(m*v)/(m_m+m_c) // m/ s
12 // R e s u l t s
13 clc

14 printf( ’ The v e l o c i t y o f the canoe i s %f m/ s \n ’ ,V)

Scilab code Exa 17.8 Principle of conservation of angular momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=2 // kg // mass o f the p a r t i c l e
3 v_0 =20 // m/ s // speed o f r o t a t i o n o f the mass

a t t a c h e d to the s t r i n g
4 r_0=1 // m // r a d i u s o f the c i r c l e a l ong which the

p a r t i c l e i s r o t a t e d
5 r_1=r_0/2 // m
6 // C a l c u l a t i o n s
7 // here , e q u a t i n g ( H 0 ) 1 =(H 0 ) 2 i . e (m∗ v 0 ) ∗ r 0 =(

m∗ v 1 ) ∗ r 1 ( here , r 1=r 0 /2) . On s o l v i n g we ge t
v 1 as ,

8 v_1 =2*v_0 // m/ s
9 // Tens ion i s g i v e n by eq ’ n ,
10 T=(m*v_1^2)/r_1 // N
11 // R e s u l t s
12 clc
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13 printf( ’ The new speed o f the p a r t i c l e i s %f m/ s \n ’ ,
v_1)

14 printf( ’ The t e n s i o n i n the s t r i n g i s %f N \n ’ ,T)
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Chapter 18

Impact Collision of Elastic
Bodies

Scilab code Exa 18.1 Principle of conservation of Momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m_a=1 // kg // mass o f the b a l l A
3 v_a=2 // m/ s // v e l o c i t y o f b a l l A
4 m_b=2 // kg // mass o f b a l l B
5 v_b=0 // m/ s // b a l l B at r e s t
6 e=1/2 // c o e f f i c i e n t o f r e s t i t u t i o n
7 // C a l c u l a t i o n s
8 // S o l v i n g eqn ’ s 1 & 2 u s i n g matr ix f o r v ’ a & v ’ b ,
9 A=[1 2;-1 1]

10 B=[2;1]

11 C=inv(A)*B

12 // R e s u l t s
13 clc

14 printf( ’ The v e l o c i t y o f b a l l A a f t e r impact i s %f m/
s \n ’ ,C(1))

15 printf( ’ The v e l o c i t y o f b a l l B a f t e r impact i s %f m/
s \n ’ ,C(2))
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Scilab code Exa 18.2 Principle of conservation of Momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m_a=2 // kg // mass o f b a l l A
3 m_b=6 // kg // mass o f b a l l B
4 m_c =12 // kg // mass o f b a l l C
5 v_a =12 // m/ s // v e l o c i t y o f b a l l A
6 v_b=4 // m/ s // v e l o c i t y o f b a l l B
7 v_c=2 // m/ s // v e l o c i t y o f b a l l C
8 e=1 // c o e f f i c i e n t o f r e s t i t u t i o n f o r p e r f e c t l y

e l a s t i c body
9 // C a l c u l a t i o n s

10 // (A)
11 // S o l v i n g eq ’ n 1 & 2 u s i n g matr ix f o r v ’ a & v ’ b ,
12 A=[2 6;-1 1]

13 B=[48;8]

14 C=inv(A)*B

15 // C a l c u l a t i o n s
16 // (B)
17 // S o l v i n g eq ’ ns 3 & 4 s i m u l t a n e o u s l y u s i n g matr ix

f o r v ’ b & v ’ c
18 P=[1 2;-1 1]

19 Q=[12;6]

20 R=inv(P)*Q

21 // R e s u l t s (A&B)
22 clc

23 printf( ’ The v e l o c i t y o f b a l l A a f t e r impact on b a l l
B i s %f m/ s \n ’ ,C(1)) // he r e the b a l l o f mass 2
kg i s bought to r e s t

24 printf( ’ The v e l o c i t y o f b a l l B a f t e r g e t t i n g
impacted by b a l l A i s %f m/ s \n ’ ,C(2))

25 printf( ’ The f i n a l v e l o c i t y o f b a l l B i s %f m/ s \n ’ ,R
(1)) // he r e the b a l l o f mass 6 kg i s bought to
r e s t
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26 printf( ’ The v e l o c i t y o f b a l l C a f t e r g e t t i n g
impacted by b a l l B i s %f m/ s \n ’ ,R(2))

Scilab code Exa 18.3 Principle of conservation of Momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 h_1=9 // m // h e i g h t o f f i r s t bounce
3 h_2=6 // m // h e i g h t o f s econd bounce
4 // C a l c u l a t i o n s
5 // From eq ’ n ( 5 ) we have , C o e f f i c i e n t o f r e s t i t u t i o n

between the g l a s s and the f l o o r i s ,
6 e=sqrt(h_2/h_1)

7 // From eq ’ n 3 we g e t h e i g h t o f drop as ,
8 h=h_1/e^2 // m
9 // R e s u l t s

10 clc

11 printf( ’ The b a l l was dropped from a h e i g h t o f %f m \
n ’ ,h)

12 printf( ’ The c o e f f i c i e n t o f r e s t i t u t i o n between the
g l a s s and the f l o o r i s %f \n ’ ,e)

13 // Here we use h ‘= h 1 & h ‘ ‘= h 2 because h ‘ & h ‘ ‘
c ou ld not be d e f i n e d i n S c i l a b .

Scilab code Exa 18.4 Principle of conservation of Momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 e=0.90 // c o e f f i c i e n t o r e s t i t u t i o n
3 v_a =10 // m/ s // v e l o c i t y o f b a l l A
4 v_b =15 // m/ s // v e l o c i t y o f b a l l B
5 alpha_1 =30 // d e g r e e // a n g l e made by v a with

h o r i z o n t a l
6 alpha_2 =60 // d e g r e e // a n g l e made by v b with

h o r i z o n t a l
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7 // C a l c u l a t i o n s
8 // The components o f i n i t i a l v e l o c i t y o f b a l l A:
9 v_a_x=v_a*cosd(alpha_1) // m/ s
10 v_a_y=v_a*sind(alpha_1) // m/ s
11 // The components o f i n i t i a l v e l o c i t y o f b a l l B :
12 v_b_x=-v_b*cosd(alpha_2) // m/ s
13 v_b_y=v_b*sind(alpha_2) // m/ s
14 // From eq ’ n 1 & 2 we get ,
15 v_ay=v_a_y // m/ s // Here , v ay =(v ’ a ) y
16 v_by=v_b_y // m/ s // Here , v by =(v ’ b ) y
17 // On adding eq ’ n 3 & 4 we get ,
18 v_bx =(( v_a_x+v_b_x)+(-e*(v_b_x -v_a_x)))/2 // m/ s //

Here . v bx =(v ’ b ) x
19 // On s u b s t u t i n g the v a l u e o f v ’ b x i n eq ’ n 3 we

get ,
20 v_ax=( v_a_x+v_b_x) -(v_bx) // m/ s // here , v ax =(v ’ a

) x
21 // Now the eq ’ n f o r r e s u l t a n t v e l o c i t i e s o f b a l l s A

& B a f t e r impact are ,
22 v_A=sqrt(v_ax ^2+ v_ay ^2) // m/ s
23 v_B=sqrt(v_bx ^2+ v_by ^2) // m/ s
24 // The d i r e c t i o n o f the b a l l a f t e r Impact i s ,
25 theta_1=atand(-(v_ay/v_ax)) // d e g r e e
26 theta_2=atand(v_by/v_bx) // d e g r e e
27 // R e s u l t s
28 clc

29 printf( ’ The v e l o c i t y o f b a l l A a f t e r impact i s %f m/
s \n ’ ,v_A)

30 printf( ’ The v e l o c i t y o f b a l l B a f t e r impact i s %f m/
s \n ’ ,v_B)

31 printf( ’ The d i r e c t i o n o f b a l l A a f t e r impact i s %f
d e g r e e \n ’ ,theta_1)

32 printf( ’ The d i r e c t i o n o f b a l l B a f t e r impact i s %f
d e g r e e \n ’ ,theta_2)

33 // Her we use , ( 1 ) v ’ a & v ’ b as v A & v B .
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Scilab code Exa 18.5 Motion of ball

1 // I n i t i i z a t i o n o f v a r i a b l e s
2 theta =30 // d e g r e e s // ange made by the b a l l a g a i n s t

the w a l l
3 e=0.50

4 // C a l c u l a t i o n s
5 // The n o t a t i o n s have been changed
6 // R e s o l v i n g the v e l o c i t y v as ,
7 v_x=cosd(theta)

8 v_y=sind(theta)

9 V_y=v_y

10 // from c o e f f i c i e n t o f r e s t i t u t i o n r e a t i o n
11 V_x=-e*v_x

12 // R e s u l t a n t v e l o c i t y
13 V=sqrt(V_x ^2+ V_y^2)

14 theta=atand(V_y/(-V_x)) // t a k i n g +ve v a l u e f o r V x
15 // NOTE: Here a l l the terms a r e m u l t i p l i e d with

v e l o c i t y i . e ( v ) .
16 // R e s u l t s
17 clc

18 printf( ’ The v e l o c i t y o f the b a l l i s %f v \n ’ ,V)
19 printf( ’ The d i r e c t i o n o f the b a l l i s %f d e g r e e s \n ’ ,

theta)

Scilab code Exa 18.6 Principle of conservation of Energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 e=0.8 // c o e f f i c i e n t o f r e s t i t u t i o n
3 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
4 // C a l c u a t i o n s
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5 // Squar ing eqn ’ s 1 &2 and S o l v i n g eqn ’ s 1 & 2 u s i n g
matr ix f o r the v a l u e o f h

6 A=[-1 (2*g);-1 -(1.28*g)]

7 B=[0.945^2;( -0.4*9.81)]

8 C=inv(A)*B // m
9 // R e s u l t s
10 clc

11 printf( ’ The h e i g h t from which the b a l l A shou ld be
r e l e a s e d i s %f m \n ’ ,C(2))

12 // The answer g i v e n i n the book i . e 0 . 1 0 4 i s wrong .

Scilab code Exa 18.7 Principle of conservation of Energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 theta_a =60 // d e g r e e // a n g l e made by s p h e r e A with

the v e r t i c l e
3 e=1 // c o e f f i c i e n t o f r e s t i t u t i o n f o r e l a s t i c impact
4 // C a l c u l a t i o n s
5 // t h e t a b i s g i v e n by the eq ’ n cosd ∗ t h e t a b =0.875 ,

hence t h e t a b i s ,
6 theta_b=acosd (0.875) // d e g r e e
7 // R e s u l t s
8 clc

9 printf( ’ The a n g l e through which the s p h e r e B w i l l
swing a f t e r the impact i s %f d e g r e e \n ’ ,theta_b)

Scilab code Exa 18.8 Principle of conservation of Energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m_a =0.01 // kg // mass o f b u l l e t A
3 v_a =100 // m/ s // v e l o c i t y o f b u l l e t A
4 m_b=1 // kg // mass o f the bob
5 v_b=0 // m/ s // v e l o c i t y o f the bob
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6 l=1 // m // l e n g t h o f the pendulum
7 v_r=-20 // m/ s // v e l o c i t y at which the b u l l e t

rebounds the s u r f a c e o f the bob // he r e the
n o t a t i o n f o r v ’ a i s shown by v r

8 v_e =20 // m/ s // v e l o c i t y at which the b u l l e t
e s c a p e s through the s u r f a c e o f the bob // he r e
the n o t a t i o n f o r v a i s shown by v e

9 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
10 // C a l c u l a t i o n s
11 // Momentum o f the b u l l e t & the bob b e f o r e impact i s

,
12 M=(m_a*v_a)+(m_b*v_b) // kg .m/ s . . . . . . ( eq ’ n 1)
13 // The common v e l o c i t y v c ( we use v c i n s t e d o f v ’

f o r n o t a t i o n o f common v e l o c i t y ) i s g i v e n by
e q u a t i n g eq ’ n 1 & eq ’ n 2 as ,

14 // ( a ) When the b u l l e t g e t s embedded i n t o the bob
15 v_c=M/(m_a+m_b) // m/ s
16 // The h e i g h t h to which the bob r i s e s i s g i v e n by

eq ’ n 3 as ,
17 h_1 =(1/2) *(v_c ^2/g) // m
18 // The a n g l e ( t h e t a 1 ) by which the bob sw ing s

c o r r e s p o n d i n g to the v a l u e o f h e i g h t h 1 i s ,
19 theta_1=acosd((l-h_1)/l) // d e g r e e
20 // ( b ) When the b u l l e t rebounds from the s u r f a c e o f

the bob
21 // The v e l o c i t y o f the bob a f t e r the rebound o f the

b u l l e t from i t s s u r f a c e i s g i v e n by e q u a t i n g eq ’ n
1 & eq ’ n 4 as ,

22 v_bob_rebound=M-(m_a*v_r) // m/ s // he r e
v bob rebound=v ’ b

23 // The e q u a t i o n f o r the h e i g h t which the bob a t t a i n s
a f t e r impact i s ,

24 h_2=( v_bob_rebound ^2) /(2*g) // m
25 // The c o r r e s p o n d i n g a n g l e o f swing
26 theta_2=acosd((l-h_2)/l) // d e g r e e
27 // ( c ) When the b u l l e t p i e r c e s and e s c a p e s through

the bob
28 // From eq ’ n 1 & 5 the v e l o c i t y a t t a i n e d by the bob
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a f t e r impact i s g i v e n as ,
29 v_b_escape=M-(m_a*v_e) // m/ s // he r e we use ,

v b e s c a p e i n s t e d o f v ’ b
30 // The e q u a t i o n f o r the h e i g h t which the bob a t t a i n s

a f t e r impact i s ,
31 h_3=( v_b_escape ^2) /(2*g) // m
32 // The c o r r e s p o n d i n g a n g l e o f swing
33 theta_3=acosd((l-h_3)/(l)) // d e g r e e
34 // R e s u l t s
35 clc

36 printf( ’ ( a ) The maximum a n g l e through which the
pendulum swings when the b u l l e t g e t s embeded i n t o

the bob i s %f d e g r e e \n ’ ,theta_1)
37 printf( ’ ( b ) The maximum a n g l e through which the

pendulum swings when the b u l l e t rebounds from the
s u r f a c e o f the bob i s %f d e g r e e \n ’ ,theta_2)

38 printf( ’ ( c ) The maximum a n g l e through which the
pendulum swings when the b u l l e t e s c a p e s from
o t h e r end o f the bob the bob i s %f d e g r e e \n ’ ,
theta_3)

39 // IN THIS SUM WE HAVE USED DIFFERENT NOTATIONS
CONSIDERING DIFFERENT CASES BECAUSE IN THE TEXT
BOOK WE HAD 3 VARIABLES WITH SAME NOTATION BUT
WITH A DIFFERENT VALUE WHICH COULD NOT BE
EXECUTED INTO SCILAB .

Scilab code Exa 18.9 Principle of conservation of Momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W_a =50 // N // f a l l i n g we ight
3 W_b =50 // N // we ight on which W a f a l l s
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 m_a=W_a/g // kg // mass o f W a
6 m_b=W_b/g // kg // mass o f W b
7 k=2*10^3 // N/m // s t i f f n e s s o f s p r i n g
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8 h=0.075 // m // h e i g h t through which W a f a l l s
9 // The v e l o c i t y o f we ight W a j u s t b e f o r e the impact

and a f t e r f a l l i n g from a h e i g h t o f h i s g i v e n
from the eq ’ n , ( P r i n c i p l e o f c o n s e r v a t i o n o f
ene rgy )

10 v_a=sqrt (2*g*h) // m/ s
11 // Let the mutual v e l o c i t y a f t e r the impact be v m (

i . e v m=v ’ ) , ( by p r i n c i p l e o f c o n s e r v a t i o n o f
momentum)

12 v_m=(m_a*v_a)/(m_a+m_b) // m/ s
13 // I n i t i a l c ompre s s i on o f the s p r i n g due to we ight

W b i s g i v e n by ,
14 delta_st =(W_b/k)*(10^2) // cm
15 // Let the t o t a l c ompre s s i on o f the s p r i n g be

d e l t a t , Then d e l t a t i s found by f i n d i n g the
r o o t s from the eq ’ n . . . . . . . . d e l t a t ˆ2−0.1∗ d e l t a t
−0.000003=0. In t h i s eq ’ n l e t ,

16 a=1

17 b=-0.1

18 c= -0.000003

19 delta_t =((-b+(sqrt(b^2 -(4*a*c))))/2*a)*(10^2) // cm
// we c o n s i d e r the −ve v a l u e

20 delta=delta_t -delta_st // cm
21 // R e s u l t s
22 clc

23 printf( ’ The compre s s i on o f the s p r i n g ove r and above
caused by the s t a t i c a c t i o n o f we ight W a i s %f

cm \n ’ ,delta)

Scilab code Exa 18.10 Principle of conservation of Momentum

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_a =600 // m/ s // v e l o c i t y o f the b u l l e t b e f o r e

impact
3 v_b=0 // m/ s // v e l o c i t y o f the b l o c k b e f o r e impact
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4 w_b =0.25 // N // we ight o f the b u l l e t
5 w_wb =50 // N // we ight o f wodden b l o c k
6 mu=0.5 // c o e f f i c i e n t o f f r i c t i o n between the f l o o r

and the b l o c k
7 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
8 // C a l c u l a t i o n s
9 m_a=w_b/g // kg // mass o f the b u l l e t
10 m_b=w_wb/g // kg // mass o f the b l o c k
11 // Let the common v e l o c i t y be v c which i s g i v e n by

eq ’ n ( P r i n c i p l e o f c o n s e r v a t i o n o f momentum)
12 v_c=(w_b*v_a)/(w_wb+w_b) // m/ s
13 // Let the d i s t a n c e through which the b l o c k i s

d i s p l a c e d be s , Then s i s g i v e n by eq ’ n
14 s=v_c ^2/(2*g*mu) // m
15 // R e s u l t s
16 clc

17 printf( ’ The d i s t a n c e through which the b l o c k i s
d i s p l a c e d from i t s i n i t i a l p o s i t i o n i s %f m \n ’ ,s
)

Scilab code Exa 18.11 Principle of conservation of Energy Momentum and work and energy

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 M=750 // kg // mass o f hammer
3 m=200 // kg // mass o f the p i l e
4 h=1.2 // m // h e i g h t o f f a l l o f the hammer
5 delta =0.1 // m // d i s t a n c e upto which the p i l e i s

d r i v e n i n t o the ground
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a c u l a t i o n s
8 // The r e s i s t a n c e to p e n e t r a t i o n to the p i l e i s

g i v e n by eq ’ n ,
9 R=(((M+m)*g)+((M^2*g*h)/((M+m)*delta)))*(10^ -3) //

kN
10 // R e s u l t s
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11 clc

12 printf( ’ The r e s i s t a n c e to p e n e t r a t i o n to the p i l e i s
%f kN \n ’ ,R)
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Chapter 19

Relative Motion

Scilab code Exa 19.1 Relative Velocity

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_t =10 // m/ s // v e l o c i t y o f the t r a i n
3 v_s=5 // m/ s // v e l o c i t y o f the s t o n e
4 // C a l c u l a t i o n s
5 // Let v r be the r e l a t i v e v e l o c i t y , which i s g i v e n

as , ( from t r i a n g l e law )
6 v_r=sqrt(v_t ^2+ v_s^2) // m/ s
7 // The d i r e c t i o n o f t h e s t o n e i s ,
8 theta=atand(v_s/v_t) // d e g r e e
9 // R e s u l t s
10 clc

11 printf( ’ The v e l o c i t y at which the s t o n e appea r s to
h i t the pe r son t r a v e l l i n g i n the t r a i n i s %f m/ s
\n ’ ,v_r)

12 printf( ’ The d i r e c t i o n o f the s t o n e i s %f d e g r e e \n ’ ,
theta)

Scilab code Exa 19.2 Relative Velocity
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1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_A=5 // m/ s // speed o f s h i p A
3 v_B =2.5 // m/ s // speed o f s h i p B
4 theta =135 // d e g r e e // a n g l e between the two s h i p s
5 // C a l c u l a t i o n s
6 // Here ,
7 OA=v_A // m/ s
8 OB=v_B // m/ s
9 // The magnitude o f r e l a t i v e v e l o c i t y i s g i v e n by

c o s i n e law as ,
10 AB=sqrt((OA^2)+(OB^2) -(2*OA*OB*cosd(theta))) // m/ s
11 // where AB g i v e s the r e l a t i v e v e l o c i t y o f s h i p B

with r e s p e c t to s h i p A
12 // Apply ing s i n e law to f i n d the d i r e c t i o n , Let

a lpha be the d i r e c t i o n o f the r e a t i v e v e l o c i t y ,
then

13 alpha=asind ((OB*sind(theta))/(AB)) // d e g r e e
14 // R e s u l t s
15 clc

16 printf( ’ The magnitude o f r e l a t i v e v e l o c i t y o f s h i p B
with r e s p e c t to s h i p A i s %f m/ s \n ’ ,AB)

17 printf( ’ The d i r e c t i o n o f the r e l a t i v e v e l o c i t y i s %f
d e g r e e \n ’ ,alpha)

Scilab code Exa 19.3 Relative Velocity

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_c =20 // km/ hr // speed at which the c y c l i s t i s

r i d i n g to west
3 theta_1 =45 // d e g r e e // a n g l e made by r a i n with the

c y c l i s t when he r i d e s at 20 km/ hr
4 V_c =12 // km/ hr // changed speed
5 theta_2 =30 // d e g r e e // changed a n g l e when the

c y c l i s t r i d e s at 12 km/ hr
6 // C a l c u l a t i o n s
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7 // S o l v i n g eq ’ ns 1 & 2 s i m u l t a n e o u s l y to g e t the
v a l u e s o f components ( v R x & v R y ) o f a b s o l u t e
v e l o c i t y v R . We use matr ix to s o l v e eqn ’ s 1 & 2 .

8 A=[1 1;1 0.577]

9 B=[20;12]

10 C=inv(A)*B // km/ hr
11 // The X component o f r e l a t i v e v e l o c i t y ( v R x ) i s C

( 1 )
12 // The Y component o f r e l a t i v e v e l o c i t y ( v R y ) i s C

( 2 )
13 // C a l c u l a t i o n s
14 // R e l a t i v e v e l o c i t y ( v R ) i s g i v e n as ,
15 v_R=sqrt((C(1))^2+(C(2))^2) // km/ hr
16 // And the d i r e c t i o n o f a b s o l u t e v e l o c i t y o f r a i n i s

theta , i s g i v e n as
17 theta=atand(C(2)/C(1)) // d e g r e e
18 // R e s u l t s
19 clc

20 printf( ’ The magnitude o f a b s o l u t e v e l o c i t y i s %f km/
hr \n ’ ,v_R)

21 printf( ’ The d i r e c t i o n o f a b s o l u t e v e l o c i t y i s %f
d e g r e e \n ’ ,theta)

Scilab code Exa 19.4 Relative Velocity

1 // I n i t i i z a t i o n o f v a r i a b l e s
2 a=1 // m/ s ˆ2 // a c c e l e r a t i o n o f c a r A
3 u_B =36*(1000/3600) // m/ s // v e l o c i t y o f c a r B
4 u=0 // m/ s // i n i t i a l v e l o c i t y o f c a r A
5 d=32.5 // m // p o s i t i o n o f c a r A from north o f

c r o s s i n g
6 t=5 // s e c o n d s
7 // C a l c u l a t i o n s
8 // CAR A: Abso lu t e motion u s i n g eq ’ n v=u+at we have ,
9 v=u+(a*t) // m/ s
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10 // Now d i s t a n c e t r a v e l l e d by c a r A a f t e r 5 s e c o n d s
i s g i v e n by , s A=u∗ t +(1/2) ∗a∗ t ˆ2

11 s_A=(u*t)+((1/2)*a*t^2)

12 // Now , l e t the p o s i t i o n o f c a r A a f t e r 5 s e c o n d s be
y A

13 y_A=d-s_A // m //
14 // CAR B:
15 // l e t a B be the a c c e l e r a t i o n o f c a r B
16 a_B=0 // m/ s
17 // Now p o s i t i o n o f c a r B i s s B
18 s_B=(u_B*t)+((1/2)*a_B*t^2) // m
19 x_B=s_B // m
20 // Let the R e l a t i v e p o s i t i o n o f c a r A with r e s p e c t

to c a r B be BA & i t s d i r e c t i o n be theta , then
from f i g . 1 9 . 9 ( b )

21 OA=y_A

22 OB=x_B

23 BA=sqrt(OA^2+OB^2) // m
24 theta=atand(OA/OB) // d e g r e e
25 // Let the r e l a t i v e v e l o c i t y o f c a r A w. r . t . the c a r

B be v AB & the a n g l e be ph i . Then from f i g
1 9 . 9 ( c ) . Cons ide r s m a l l a l p h a b e t s

26 oa=v

27 ob=u_B

28 v_AB=sqrt(oa^2+ob^2) // m/ s
29 phi=atand(oa/ob) // d e g r e e
30 // Let the r e l a t i v e a c c e l e r a t i o n o f c a r A w. r . t . c a r

B be a A/B . Then ,
31 a_AB=a-a_B // m/ s ˆ2
32 // R e s u l t s
33 clc

34 printf( ’ The r e l a t i v e p o s i t i o n o f c a r A r e l a t i v e to
c a r B i s %f m \n ’ ,BA)

35 printf( ’ The d i r e c t i o n o f c a r A w. r . t c a r B i s %f
d e g r e e \n ’ ,theta)

36 printf( ’ The v e l o c i t y o f c a r A r e l a t i v e to c a r B i s
%f m/ s \n ’ ,v_AB)

37 printf( ’ The d i r e c t i o n o f c a r A w. r . t ( f o r r e l a t i v e
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v e l o c i t y ) i s %f d e g r e e \n ’ ,phi)
38 printf( ’ The a c c e l e r a t i o n o f c a r A r e l a t i v e to c a r B

i s %f m/ s ˆ2 \n ’ ,a_AB)
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Chapter 20

Motion of Projectile

Scilab code Exa 20.1 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_o =500 // m/ s // v e l o c i t y o f the p r o j e c t i l e
3 alpha =30 // a n g l e at which the p r o j e c t i l e i s f i r e d
4 t=30 // s e c o n d s
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 v_x=v_o*cosd(alpha) // m/ s // I n i t i a l v e l o c i t y i n

the h o r i z o n t a l d i r e c t i o n
8 v_y=v_o*sind(alpha) // m/ s // I n i t i a l v e l o c i t y i n

the v e r t i c a l d i r e c t i o n
9 // MOTION IN HORIZONTA DIRECTION :

10 V_x=v_x // m/ s // V x=H o r i z o n t a l v e l o c i t y a f t e r 30
s e c o n d s

11 // MOTION IN VERTICAL DIRECTION : // u s i n g the eq ’ n v
=u+a∗ t

12 V_y=v_y -(g*t) // m/ s // −ve s i g n d e n o t e s downward
motion

13 // Let the R e s u l t a n t v e l o c i t y be v R . I t i s g i v e n as
,

14 v_R=sqrt((V_x)^2+(-V_y)^2) // m/ s
15 theta=atand((-V_y)/V_x) // d e g r e e // d i r e c t i o n o f

139



the p r o j e c t i l e
16 // R e s u l t s
17 clc

18 printf( ’ The v e l o c i t y o f the p r o j e c t i l e i s %f m/ s \n ’
,v_R) // The answer o f v e l o c i t y i s wrong i n the
t e x t book .

19 printf( ’ The d i r e c t i o n o f the p r o j e c t i l e i s %f d e g r e e
\n ’ ,theta) // −ve v a l u e o f t h e t a i n d i c a t e s tha t

the d i r e c t i o n i s i n downward d i r e c t i o n

Scilab code Exa 20.2 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_A =10 // m/ s // v e l o c i t y o f body A
3 alpha_A =60 // d e g r e e // d i r e c t i o n o f body A
4 alpha_B =45 // d e g r e e // d i r e c t i o n o f body B
5 // C a l c u l a t i o n s
6 // ( a ) The v e l o c i t y ( v B ) f o r the same range i s

g i v e n by eq ’ n ;
7 v_B=sqrt((v_A ^2* sind (2* alpha_A))/(sind (2* alpha_B)))

// m/ s
8 // ( b ) Now v e l o c i t y v B f o r the same maximum h e i g h t

i s g i v e n as ,
9 v_b=sqrt((v_A ^2)*(( sind(alpha_A))^2/( sind(alpha_B))

^2)) // m/ s
10 // ( c ) Now the v e l o c i t y ( v ) f o r the e q u a l t ime o f

f l i g h t i s ;
11 v=(v_A*sind(alpha_A))/(sind(alpha_B)) // m/ s
12 // R e s u l t s
13 clc

14 printf( ’ ( a ) The v e l o c i t y o f body B f o r h o r i z o n t a l
range i s %f m/ s \n ’ ,v_B)

15 printf( ’ ( b ) The v e l o c i t y o f body B f o r the maximum
h e i g h t i s %f m/ s \n ’ ,v_b)

16 printf( ’ ( c ) The v e l o c i t y o f body B f o r e q u a l t ime o f
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f l i g h t i s %f m/ s \n ’ ,v)

Scilab code Exa 20.3 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 y=3.6 // m // h e i g h t o f the w a l l
3 x_1 =4.8 // m // p o s i t i o n o f the boy w. r . t the w a l l
4 x_2 =3.6 // m // d i s t a n c e from the w a l l where the

b a l l h i t s the ground
5 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
6 // C a l c u l a t i o n s
7 // The range o f the p r o j e c t i l e i s r , g i v e n as ,
8 r=x_1+x_2 // m
9 // Let the a n g l e o f the p r o j e c t i o n be alpha , which

i s d e r i v e d and g i v e n as ,
10 alpha=atand ((y)/(x_1 -(x_1^2/r))) // d e g r e e
11 // Now s u b s t u t i n g the v a l u e o f a lpha i n eq ’ n 3 we

g e t the l e a s t v e l o c i t y ( v o ) as ;
12 v_o=sqrt((g*r)/(sind (2* alpha))) // m/ s
13 // R e s u l t s
14 clc

15 printf( ’ The l e a s t v e l o c i t y with which the b a l l can
be thrown i s %f m/ s \n ’ ,v_o)

16 printf( ’ The a n g l e o f p r o j e c t i o n f o r the same i s %f
d e g r e e \n ’ ,alpha)

Scilab code Exa 20.5 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_o =400 // m/ s // i n i t i a l v e l o c i t y o f each gun
3 r=5000 // m // range o f each o f the guns
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 pi=180 // d e g r e e
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6 // C a l c u l a t i o n s
7 // now from eq ’ n 1
8 theta_1 =( asind((r*g)/(v_o ^2)))/(2) // d e g r e e //

a n g l e at which the 1 s t gun i s f i r e d
9 // from eq ’ n 3
10 theta_2 =(pi -(2* theta_1))/2 // d e g r e e
11 // For 1 s t & 2nd gun , s i s
12 s=r // m
13 // For 1 s t gun
14 v_x=v_o*cosd(theta_1) // m/ s
15 // Now the t ime o f f l i g h t f o r 1 s t gun i s t 1 , which

i s g i v e n by r e l a t i o n ,
16 t_1=s/(v_x) // s e c o n d s
17 // For 2nd gun
18 V_x=v_o*cosd(theta_2)

19 // Now the t ime o f f l i g h t f o r 2nd gun i s t 2
20 t_2=s/(V_x) // s e c o n d s
21 // Let the t ime d i f f e r e n c e between the two h i t s be

d e l t a .T . Then ,
22 delta.T=t_2 -t_1 // s e c o n d s
23 // R e s u l t s
24 clc

25 printf( ’ The t ime d i f f e r e n c e between the two h i t s i s
%f s e c o n d s \n ’ ,delta.T)

Scilab code Exa 20.6 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 h=2000 // m/ h e i g h t o f the p l ane
3 v=540*(1000/3600) // m/ s // v e l o c i t y o f the p l ane
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 // C a l c u l a t i o n s
6 // Time t r e q u i r e d to t r a v e l down a h e i g h t 2000 m i s

g i v e n by eq ’ n ,
7 u=0 // m/ s // i n i t i a l v e l o c i t y
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8 t=sqrt ((2*h)/(g)) // s e c o n d s
9 // Now l e t s be the h o r i z o n t a d i s t a n c e t r a v e l l e d by

the bomb i n t ime t seconds , then
10 s=v*t // m
11 // a n g l e i s g i v e n as theta ,
12 theta=atand(h/s) // d e g r e e
13 // R e s u l t s
14 clc

15 printf( ’ The p i l o t shou ld r e l e a s e the bomb from a
d i s t a n c e o f %f m \n ’ ,s)

16 printf( ’ The a n g l e at which the t a r g e t would appear
i s %f d e g r e e \n ’ ,theta)

Scilab code Exa 20.7 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 theta =30 // d e g r e e // a n g l e at which the b u l l e t i s

f i r e d
3 s=-50 // p o s i t i o n o f t a r g e t below h i l l
4 v=100 // m/ s // v e l o c i t y at which the b u l l e t i f

f i r e d
5 g=9.81 // m/ s ˆ2
6 // C a l c u l a t i o n s
7 v_x=v*cosd(theta) // m/ s // I n i t i a l v e l o c i t y i n

h o r i z o n t a l d i r e c t i o n
8 v_y=v*sind(theta) // m/ s // I n i t i a l v e l o c i t y i n

v e r t i c a l d i r e c t i o n
9 // ( a ) Max h e i g h t a t t a i n e d by the b u l l e t

10 h=v_y ^2/(2*g) // m
11 // ( b ) Let the v e r t i c a l V e l o c i t y with which the

b u l l e t w i l l h i t the t a r g e t be V y . Then ,
12 V_y=sqrt ((2* -9.81*s)+(v_y)^2) // m/ s // the v a l u e o f

V y i s +ve & −ve
13 // Let V be the v e l o c i t y with wich i t h i t s the

t a r g e t
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14 V=sqrt((v_x)^2+( V_y)^2) // m/ s
15 // ( c ) The t ime r e q u i r e d to h i t the t a r g e t
16 a=g // m/ s ˆ2
17 t=(v_y -(-V_y))/a // s e c o n d s
18 // R e s u l t s
19 clc

20 printf( ’ ( a ) The maximum h e i g h t to which the b u l l e t
w i l l r i s e above the s o l d i e r i s %f m \n ’ ,h)

21 printf( ’ ( b ) The v e l o c i t y with which the b u l l e t w i l l
h i t the t a r g e t i s %f m/ s \n ’ ,V)

22 printf( ’ ( c ) The t ime r e q u i r e d to h i t the t a r g e t i s
%f s e c o n d s \n ’ ,t)

Scilab code Exa 20.8 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W=30 // N // Weight o f the hammer
3 theta =30 // d e g r e e // r e f f i g . 2 0 . 1 2
4 mu=0.18 // c o e f f i c i e n t o f f r i c t i o n
5 s=10 // m // d i s t a n c e t r a v e l l e d by the hammer // f i g

2 0 . 1 2
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a l c u l a t i o n s
8 // The a c c e l e r a t i o n o f the hammer i s g i v e n as ,
9 a=g*(( sind(theta)) -(mu*cosd(theta))) // m/ s ˆ2

10 // The v e l o c i t y o f the hammer at p o i n t B i s ,
11 v=sqrt (2*a*s) // m/ s
12 // Let the i n i t i a l v e l o c i t y o f the hammer i n

h o r i z o n t a l d i r e c t i o n be v x & v y i n v e r t i c a l
d i r e c t i o n , Then ,

13 v_x=v*cosd(theta) // m/ s
14 v_y=v*sind(theta) // m/ s
15 // MOTION IN VERTICAL DIRECTION
16 // Now , l e t t ime r e q u i r e d to t r a v e l v e r t i c a l

d i s t a n c e ( i . e BB’=S=5 m) i s g i v e n by f i n d i n g the
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r o o t s o f the second d e g r e e eq ’ n as ,
17 // From the eq ’ n 4 . 9∗ t ˆ2+4.1∗ t−5=0,
18 a=4.9

19 b=4.1

20 c=-5

21 // The r o o t s o f the eq ’ n are ,
22 t=((-b)+(sqrt(b^2 -(4*a*c))))/(2*a)

23 // MOTION IN HORIZONTAL DIRECTION
24 // Let the h o r i z o t a l d i s t a n c e t r a v e l l e d by the

hammer i n t ime t be s x . Then ,
25 s_x=v_x*cosd(theta)*t // m
26 x=1+s_x // m
27 // R e s u l t s
28 clc

29 printf( ’ The d i s t a n c e x where the hammer h i t s the
round i s %f m \n ’ ,x)

Scilab code Exa 20.9 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 s=1000 // m // d i s t a n c e OB ( r e f f i g . 2 0 . 1 3 )
3 h=19.6 // m // h e i g h t o f s h e l l from ground
4 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
5 // C a l c u l a t i o n s
6 // MOTION OF ENTIRE SHELL FROM O to A.
7 v_y=sqrt (2*(g)*h) // m/ s // i n i t i a l v e l o c i t y o f

s h e l l i n v e r t i c a l d i r e c t i o n
8 t=v_y/g // s e c o n d s // t ime taken by the e n t i r e s h e l l

to r ea ch p o i n t A
9 v_x=s/t // m/ s // v e l o c i t y o f s h e l l i n v e r t i c a l

d i r e c t i o n
10 // VELOCITIES OF THE TWO PARTS OF THE SHELL AFTER

BURSTING AT A:
11 // Let v x2 be the h o r i z o n t a l v e l o c i t y o f 1 s t & the

2nd pa r t a f t e r b u r s t i n g which i s g i v e n as ,
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12 v_x2=v_x*2 // m/ s
13 // Now d i s t a n c e BC t r a v e l l e d by pa r t 2 i s
14 BC=v_x2*t // m
15 // D i s t a n c e from f i r i n g p o i n t OC
16 OC=s+BC // m
17 // R e s u l t s
18 clc

19 printf( ’ ( a ) The v e l o c i t y o f s h e l l j u s t b e f o r e
b u r s t i n g i s %f m/ s \n ’ ,v_x)

20 printf( ’ ( b ) The v e l o c i t y o f f i r s t pa r t immed ia t e ly
a f t e r the s h e l l b u r s t i s %f m/ s \n ’ ,v_x2)

21 printf( ’ ( c ) The v e l o c i t y o f s econd pa r t immed ia t e ly
a f t e r the s h e l l b u r s t i s %f m/ s \n ’ ,v_x2)

22 printf( ’ ( b ) The d i s t a n c e between the f i r i n g p o i n t &
the p o i n t where the second pa r t o f the s h e l l h i t
the ground i s %f m \n ’ ,OC)

Scilab code Exa 20.10 Motion of Projectile

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_o =200 // m/ s // i n i t i a l v e l o c i t y
3 theta =60 // d e g r e e // a n g l e o f the i n c l i n e
4 y=5 // r i s e o f i n c l i n e
5 x=12 // l e n g t h o f i n c l i n e
6 g=9.81 // m/ s ˆ2 // acc due to g r a v i t y
7 // C a l c u l a t i o n s
8 // The a n g l e o f the i n c l i n e d p l ane with r e s p e c t to

h o r i z o n t a l
9 beta=atand(y/x) // d e g r e e

10 // The a n g l e o f p r o j e c t i o n with r e s p e c t to
h o r i z o n t a l

11 alpha=90-theta // d e g r e e
12 // Range i s g i v e n by eq ’ n ( r e f . f i g . 2 0 . 1 4 )
13 AB=(2* v_o ^2*( sind(alpha -beta))*cosd(alpha))/(g*(cosd

(beta))^2) // m
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14 // Range AC when the s h o r t i s f i r e d down the p l ane
15 AC=(2* v_o ^2*( sind(alpha+beta))*cosd(alpha))/(g*(cosd

(beta))^2) // m
16 BC=AB+AC // m
17 // R e s u l t s
18 clc

19 printf( ’ The range cove r ed ( i . e BC) i s %f m \n ’ ,BC)
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Chapter 21

Kinematics of rigid body

Scilab code Exa 21.1 Linear and angular velocity linear and angular acceleration in rotation

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 N=1800 // r . p .m // Speed o f the s h a f t
3 t=5 // s e c o n d s // t ime taken to a t t a i n the r a t e d

speed // c a s e ( a )
4 T=90 // s e c o n d s // t ime taken by the u n i t to come to

r e s t // c a s e ( b )
5 // C a l c u l a t i o n s
6 omega =(2* %pi*N)/(60)

7 // ( a )
8 // we take a lpha 1 , t h e t a 1 & n 1 f o r c a s e ( a )
9 alpha_1=omega/t // rad / s ˆ2 //
10 theta_1 =( omega ^2) /(2* alpha_1) // r a d i a n
11 // Let n 1 be the number o f r e v o l u t i o n s turned ,
12 n_1=theta_1 *(1/(2* %pi))

13 // ( b )
14 // s i m i l a r l y we take a lpha 1 , t h e t a 1 & n 1 f o r c a s e

( b )
15 alpha_2 =( omega/T) // rad / s ˆ2 // However he r e a l p h a 2

i s −ve
16 theta_2 =( omega ^2) /(2* alpha_2) // r a d i a n s
17 // Let n 2 be the number o f r e v o l u t i o n s turned ,
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18 n_2=theta_2 *(1/(2* %pi))

19 // R e s u l t s
20 clc

21 printf( ’ ( a ) The no o f r e v o l u t i o n s the u n i t t u r n s to
a t t a i n the r a t e d speed i s %f \n ’ ,n_1)

22 printf( ’ ( b ) The no o f r e v o l u t i o n s the u n i t t u r n s to
come to r e s t i s %f \n ’ ,n_2)

Scilab code Exa 21.2 Absolute and relative velocity in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 r=1 // m // r a d i u s o f the c y l i n d e r
3 v_c =20 // m/ s // v e l o c i t y o f the c y l i n d e r at i t s

c e n t r e
4 // C a l c u l a t i o n s
5 // The v e l o c i t y o f p o i n t E i s g i v e n by u s i n g the

t r i a n g l e law as ,
6 v_e=sqrt (2)*v_c // m/ s
7 // S i m i l a r l y the v e l o c i t y at p o i n t F i s g i v e n as ,
8 v_f =2*v_c // m/ s
9 // R e s u l t s
10 clc

11 printf( ’ The v e l o c i t y o f p o i n t E i s %f m/ s \n ’ ,v_e)
12 printf( ’ The v e l o c i t y o f p o i n t F i s %f m/ s \n ’ ,v_f)

Scilab code Exa 21.3 Absolute and relative velocity in plane motion

1 // I n i t i l i z a t i o n o f V a r i a b l e s
2 v_1=3 // m/ s // un i fo rm speed o f the b e l t a t top
3 v_2=2 // m/ s // un i fo rm speed o f the b e l t a t the

bottom
4 r=0.4 // m // r a d i u s o f the r o l l e r
5 // C a l c u l a t i o n s
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6 // e q u a t i n g eq ’ ns 2 & 4 and s o l v i n g f o r v c & theta ’
( a n g u l a r v e l o c i t y ) . We use matr ix to s o l v e the

eqn ’ s
7 A=[1 r;1 -r]

8 B=[v_1;v_2]

9 C=inv(A)*B

10 // R e s u l t s
11 clc

12 printf( ’ The l i n e a r v e l o c i t y ( v c ) at p o i n t C i s %f m
/ s \n ’ ,C(1))

13 printf( ’ The a n g u l a r v e l o c i t y at p o i n t C i s %f r a d i a n
/ s e c o n d s \n ’ , C(2))

14 // NOTE: The answer o f a n g u l a r v e l o c i t y i s i n c o r r e c t
i n the book

Scilab code Exa 21.4 Absolute and relative velocity in plane motion

1 // I n i t i l i z a t i o n o f V a r i a b l e s
2 l=1 // m // l e n g t h o f bar AB
3 v_a=5 // m/ s // v e l o c i t y o f A
4 theta =30 // d e g r e e // a n g l e made by the bar with the

h o r i z o n t a l
5 // C a l c u l a t i o n s
6 // From the v e c t o r diagram l i n e a r v e l o c i t y o f end B

i s g i v e n as ,
7 v_b=v_a/tand(theta) // m/ s
8 // Now l e t the r e l a t i v e v e l o c i t y be v ba which i s

g i v e n as ,
9 v_ba=v_a/sind(theta) // m/ s
10 // Now l e t the a n g u l a r v e l o c i t y o f the bar be

t h e t a a which i s g i v e n as ,
11 theta_a =(v_ba)/l // r a d i a n / second
12 // V e l o c i t y o f p o i n t A
13 v_a=(l/2)*theta_a // m/ s
14 // Magnitude o f v e l o c i t y at p o i n t C i s ,
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15 v_c=v_a // m/ s // from the v e c t o r diagram
16 // R e s u l t s
17 clc

18 printf( ’ ( a ) The a n g u l a r v e l o c i t y o f the bar i s %f
r a d i a n / second \n ’ ,theta_a)

19 printf( ’ ( b ) The v e l o c i t y o f end B i s %f m/ s \n ’ ,v_b)
20 printf( ’ ( c ) The v e l o c i t y o f mid p o i n t C i s %f m/ s \n

’ ,v_c)

Scilab code Exa 21.5 Absolute and relative velocity in plane motion

1 // I n i t i l i z a t i o n o f V a r i a b l e s
2 r=0.12 // m // l e n g t h o f the crank
3 l=0.6 // m // l e n g t h o f the c o n n e c t i n g rod
4 N=300 // r . p .m // a n g u l a r v e l o c i t y o f the crank
5 theta =30 // d e g r e e // a n g l e made by the crank with

the h o r i z o n t a l
6 // C a l c u l a t i o n s
7 // Now l e t the a n g l e between the c o n n e c t i n g rod and

the h o r i z o n t a l rod be ph i
8 phi=asind ((r*sind(theta))/(l)) // d e g r e e
9 // Now l e t the a n g u l a r v e l o c i t y o f c rank OA be

omega oa , which i s g i v e n by eq ’ n
10 omega_oa =(2* %pi*N)/(60) // r a d i a n / second
11 // L i n e a r v e l o c i t y at A i s g i v e n as ,
12 v_a=r*omega_oa // m/ s
13 // Now u s i n g the s i n e r u l e l i n e a r v e l o c i t y at B can

be g i v e n as ,
14 v_b=(v_a*sind (35.7))/(sind (84.3)) // m/ s
15 // S i m i l a r l y the r e l a t i v e v e l o c i t y ( assume v ba ) i s

g i v e n as ,
16 v_ba=(v_a*sind (60))/(sind (84.3))

17 // Angular v e l o c i t y ( omega ab ) i s g i v e n as ,
18 omega_ab=v_ba/l // r a d i a n / second
19 // R e s u l t s
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20 clc

21 printf( ’ ( a ) The a n g u l a r v e l o c i t y o f the c o n n e c t i n g
rod i s %f r a d i a n / second \n ’ ,omega_ab)

22 printf( ’ ( b ) The v e l o c i t y o f the p i s t o n when the
crank makes an a n g l e o f 30 d e g r e e i s %f m/ s \n ’ ,
v_b)

Scilab code Exa 21.6 Instantaneous Centre of rotation in plane motion

1 // I n i t i i z a t i o n o f v a r i a b l e s
2 r=1 // m // r a d i u s o f the c y l i n d e r
3 v_c =20 // m/ s // v e l o c i t y at the c e n t r e
4 // C a l c u l a t i o n s
5 // Angular v e l o c i t y i s g i v e n as ,
6 omega=v_c/r // r a d i a n / second
7 // V e l o c i t y at p o i n t D i s
8 v_d=omega*sqrt (2)*r // m/ s // from eq ’ n 1
9 // Now , the v e l o c i t y at p o i n t E i s ,

10 v_e=omega *2*r // m/ s
11 // R e s u l t s
12 clc

13 printf( ’ The v e l o c i t y at p o i n t D i s %f m/ s \n ’ ,v_d)
14 printf( ’ The v e l o c i t y at p o i n t E i s %f m/ s \n ’ ,v_e)

Scilab code Exa 21.7 Instantaneous Centre of rotation in plane motion

1 // I n i t i l i z a t i o n o f V a r i a b l e s
2 r=5 // cm // r a d i u s o f the r o l l e r
3 AB=0.1 // m
4 v_a=3 // m/ s // v e l o c i t y at A
5 v_b=2 // m/ s // v e l o c i t y at B
6 // C a l c u l a t i o n s
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7 // S o l v i n g eqn ’ s 1 & 2 u s i n g matr ix f o r IA & IB we
get ,

8 A=[-2 3;1 1]

9 B=[0;AB]

10 C=inv(A)*B

11 d1=C(2) *10^2 // cm // assume d1 f o r c a s e 1
12 // S i m i l a r y s o l v i n g eqn ’ s 3 & 4 aga in f o r IA & IB we

get ,
13 P=[-v_b v_a;1 -1]

14 Q=[0;AB]

15 R=inv(P)*Q

16 d2=R(2) *10^2 // cm // assume d2 f o r c a s e 2
17 // R e s u l t s
18 clc

19 printf( ’ The d i s t a n c e d when the ba r s move i n the
o p p o s i t e d i r e c t i o n s a r e %f cm \n ’ ,d1)

20 printf( ’ The d i s t a n c e d when the ba r s move i n the
same d i r e c t i o n s a r e %f cm \n ’ ,d2)

Scilab code Exa 21.8 Instantaneous Centre of rotation in plane motion

1 // I n i t i l i z a t i o n o f V a r i a b l e s
2 v_c=1 // m/ s // v e l o c i t y t the c e n t r e
3 r1=0.1 // m
4 r2=0.20 // m
5 EB=0.1 // m
6 EA=0.3 // m
7 ED=sqrt(r1^2+r2^2) // m
8 // C a l c u l a t i o n s
9 // a n g u l a r v e l o c i t y i s g i v e n as ,
10 omega=v_c/r1 // r a d i a n / s e c o n d s
11 // V e l o c i t at p o i n t B
12 v_b=omega*EB // m/ s
13 // V e l o c i t y at p o i n t A
14 v_a=omega*EA // m/ s

153



15 // V e l o c i t y at p o i n t D
16 v_d=omega*ED // m/ s
17 // R e s u l t s
18 clc

19 printf( ’ The v e l o c i t y at p o i n t A i s %f m/ s \n ’ ,v_a)
20 printf( ’ The v e l o c i t y at p o i n t B i s %f m/ s \n ’ ,v_b)
21 printf( ’ The v e l o c i t y at p o i n t D i s %f m/ s \n ’ ,v_d)

Scilab code Exa 21.9 Instantaneous Centre of rotation in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 l=1 // m // l e n g t h o f bar AB
3 v_a=5 // m/ s // v e l o c i t y at A
4 theta =30 // d e g r e e // a n g l e made by the bar with the

h o r i z o n t a l
5 // C a l c u l a t i o n s
6 IA=l*sind(theta) // m
7 IB=l*cosd(theta) // m
8 IC=0.5 // m // from t r i a n g l e IAC
9 // Angular v e o c i t y i s g i v e n as ,

10 omega=v_a/(IA) // r a d i a n / second
11 v_b=omega*IB // m/ s
12 v_c=omega*IC // m/ s
13 // R e s u l t s
14 clc

15 printf( ’ The v e l o c i t y at p o i n t B i s %f m/ s \n ’ ,v_b)
16 printf( ’ The v e l o c i t y at p o i n t C i s %f m/ s \n ’ ,v_c)

Scilab code Exa 21.11 Instantaneous Centre of rotation in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 v_a=2 // m/ s // v e l o c i t y at end A
3 r=0.05 // m // r a d i u s o f the d i s c
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4 alpha =30 // d e g r e e // a n g l e made by the bar with the
h o r i z o n t a l

5 // C a l c u l a t i o n s
6 // Sov ing eqn ’ s 1 & 2 and s u b s t u t i n g eqn 1 i n i t we

g e t eq ’ n f o r omega as ,
7 omega=(v_a*(sind(alpha))^2)/(r*cosd(alpha)) //

r a d i a n / second
8 // R e s u l t s
9 clc

10 printf( ’ The anguar v e o c i t y o f the bar i s %f r a d i a n /
second \n ’ ,omega)

Scilab code Exa 21.12 Instantaneous Centre of rotation in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 l=0.6 // m
3 r=0.12 // m
4 theta =30 // d e g r e e // a n g l e made by OA with the

h o r i z o n t a l
5 phi =5.7 // d e g r e e // from EX 2 1 . 5
6 N=300

7 // C a l c u l a t i o n s
8 // Let the a n g u l a r v e l o c i t y o f the c o n n e c t i n g rod be

( omega ab ) which i s g i v e n from eqn ’ s 1 & 4 as ,
9 omega_oa =(2* %pi*N)/(60) // r a d i a n / second
10 // Now , i n t r i a n g l e IBO .
11 IB=(l*cosd(phi)*tand(theta))+(r*sind(theta)) // m
12 IA=(l*cosd(phi))/(cosd(theta)) // m
13 // from eq ’ n 5
14 v_b=(r*omega_oa*IB)/(IA) // m/ s
15 // From eq ’ n 6
16 omega_ab =(r*omega_oa)/(IA) // r a d i a n / second
17 // R e s u l t s
18 clc

19 printf( ’ The v e l o c i t y at B i s %f m/ s \n ’ ,v_b)
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20 printf( ’ The a n g u l a r v e l o c i t y o f the c o n n e c t i n g rod
i s %f r a d i a n / second \n ’ ,omega_ab)

Scilab code Exa 21.13 Instantaneous Centre of rotation in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 omega_ab =5 // rad / s // a n g u l a r v e o c i t y o f the bar
3 AB=0.20 // m
4 BC=0.15 // m
5 CD=0.3 // m
6 theta =30 // d e g r e e // where t h e t a= a n g l e made by AB

with the h o r i z o n t a l
7 alpha =60 // d e g r e e // where a lpha=a n g l e made by CD

with the h o r i z o n t a l
8 // C a l c u l a t i o n s
9 // Cons ide r t r i a n g l e BIC

10 IB=sind(alpha)*BC*1 // m
11 IC=sind(theta)*BC*1 // m
12 v_b=omega_ab*AB // m/ s
13 // l e t the a n g u l a r v e l o c i t y o f the bar BC be

omega bc
14 omega_bc=v_b/IB // r a d i a n / second
15 v_c=omega_bc*IC // m/ s
16 // l e t the a n g u l a r v e l o c i t y o f bar DC be omega dc
17 omega_dc=v_c/CD // r a d i a n / second
18 // R e s u l t s
19 clc

20 printf( ’ The a n g u l a r v e l o c i t y o f bar BC i s %f rad / s \
n ’ ,omega_bc)

21 printf( ’ The a n g u l a r v e l o c i t y o f bar CD i s %f rad / s \
n ’ ,omega_dc)
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Chapter 22

Kinetics of Rigid Body Force
and Acceleration

Scilab code Exa 22.1 Relation between the translatory motion and rotary motion of a body in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 N=1500 // r . p .m
3 r=0.5 // m // r a d i u s o f the d i s c
4 m=300 // N // we ight o f the d i s c
5 t=120 // s e c o n d s // t ime i n which the d i s c comes to

r e s t
6 omega=0

7 g=9.81 // m/ s ˆ2
8 // C a l c u l a t i o n s
9 omega_0 =(2* %pi*N)/60 // rad / s

10 // a n g u l a r d e c e l e r a t i o n i s g i v e n as ,
11 alpha=-(omega_0/t) // r a d i a n / second ˆ2
12 theta=( omega_0 ^2) /(2*( - alpha)) // r a d i a n
13 // Let n be the no o f r e v o l u t i o n s taken by the d i s c

b e f o r e i t comes to r e s t , then
14 n=theta /(2* %pi)

15 // Now ,
16 I_G =((1/2)*m*r^2)/g

17 // The f r i c t i o n a l t o r q u e i s g i v e n as ,
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18 M=I_G*alpha // N−m
19 // R e s u l t s
20 clc

21 printf( ’ ( a ) The no o f r e v o l u t i o n s exe cu t ed by the
d i s c b e f o r e coming to r e s t i s %f \n ’ ,n)

22 printf( ’ ( b ) The f r i c t i o n a l t o r q u e i s %f N−m \n ’ ,M)

Scilab code Exa 22.2 Relation between the translatory motion and rotary motion of a body in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 s=1 // m
3 mu =0.192 // 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
4 g=9.81 // m/ s ˆ2
5 // C a l c u l a t i o n s
6 // The maximum a n g l e o f the i n c l i n e d p l ane i s g i v e n

as ,
7 theta=atand (3*mu) // d e g r e e
8 a=(2/3)*g*sind(theta) // m/ s ˆ2 // by s o l v i n g eq ’ n 4
9 v=sqrt (2*a*s) // m/ s

10 // Let the a c c e l e r a t i o n at the c e n t r e be A which i s
g i v e n as ,

11 A=g*sind(theta) // m/ s ˆ2 // from eq ’ n 1
12 // R e s u l t s
13 clc

14 printf( ’ ( a ) The a c c e l e r a t i o n at the c e n t r e i s %f m/ s
ˆ2 \n ’ ,A)

15 printf( ’ ( b ) The maximum a n g l e o f the i n c l i n e d p l ane
i s %f d e g r e e \n ’ ,theta)

Scilab code Exa 22.5 Relation between the translatory motion and rotary motion of a body in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 W_a =25 // N
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3 W_b =25 // N
4 W=200 // N // we ight o f the p u l l e y
5 i_g =0.2 // m // r a d i u s o f g y r a t i o n
6 g=9.81 // m/ s ˆ2
7 // C a l c u l a t i o n s
8 // S o l v i n g eqn ’ s 1 & 2 f o r a c c e l e r a t i o n o f we ight A

( assume a )
9 a=(0.15* W_a*g)/(((W*i_g ^2) /(0.45))+(0.45* W_a)+((0.6*

W_b)/(3))) // m/ s ˆ2
10 // R e s u l t s
11 clc

12 printf( ’ The a c c e l e r a t i o n o f we ight A i s %f m/ s ˆ2 \n ’
,a)

Scilab code Exa 22.8 Relation between the translatory motion and rotary motion of a body in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 r_1 =0.075 // m
3 r_2 =0.15 // m
4 P=50 // N
5 W=100 // N
6 i_g =0.05 // m
7 theta =30 // d e g r e e
8 g=9.81 // m/ s ˆ2
9 // C a l c u l a t i o n s

10 // The eq ’ n f o r a c c e l e r a t i o n o f the poo l i s g i v e n by
s o l v i n g eqn ’ s 1 ,2 &3 as ,

11 a=(50*g*(r_2*cosd(theta)-r_1))/(100*(( i_g^2/ r_2)+r_2

)) // m/ s ˆ2
12 // R e s u l t s
13 clc

14 printf( ’ The a c c e l e r a t i o n o f the poo l i s %f m/ s ˆ2 \n ’
,a)
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Scilab code Exa 22.10 Relation between the translatory motion and rotary motion of a body in plane motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 L=1 // m // l e n g t h o f rod AB
3 m=10 // kg // mass o f the rod
4 g=9.81

5 theta =30 // d e g r e e
6 // C a l c u l a t i o n s
7 // s o l v i n g eq ’ n 4 f o r omega we get ,
8 omega=sqrt (2*16.82* sind(theta)) // rad / s
9 // Now s o l v i n g eq ’ ns 1 &3 f o r a lpha we get ,

10 alpha =(12/7)*g*cosd(theta) // rad / s
11 // Components o f r e a c t i o n a r e g i v e n as ,
12 R_t =((m*g*cosd(theta)) -((m*alpha*L)/4)) // N
13 R_n =((m*omega ^2*L)/(4))+(m*g*sind(theta)) // N
14 R=sqrt(R_t ^2+ R_n^2) // N
15 // R e s u l t s
16 clc

17 printf( ’ ( a ) The a n g u l a r v e l o c i t y o f the rod i s %f
rad / s e c \n ’ ,omega)

18 printf( ’ ( b ) The r e a c t i o n at the h inge i s %f N \n ’ ,R)
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Chapter 23

Kinetics of Rigid Body Work
and Energy

Scilab code Exa 23.2 Principle of work and energy for a rigid body

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=600 // kg // mass o f the r o l l e r
3 r=0.25 // m // r a d i u s o f the r o l l e r
4 P=850 // N // Force
5 v=3 // m/ s // v e l o c i t y to be a c q u i r e d
6 theta =30 // d e g r e e // a n g l e made by v with the f o r c e

P
7 // C a l c u l a t i o n s
8 // The d i s t a n c e r e q u i r e d to be r o l l e d i s g i v e n by

e q u a t i n g the Work done between p o s i t i o n s 1 & 2 as
,

9 x=((3/4)*m*v^2)/(P*cosd(theta)) // m
10 // R e s u l t s
11 clc

12 printf( ’ The d i s t a n c e r e q u i r e d to be r o l l e d i s %f m \
n ’ ,x)
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Chapter 24

Mechanical Vibrations

Scilab code Exa 24.1 Simple Harmonic Motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 f=1/6 // o s c i l l a t i o n s / second
3 x=8 // cm // d i s t a n c e from the mean p o s i t i o n
4 // C a l c u l a t i o n s
5 omega =2* %pi*f

6 // Amplitude i s g i v e n by eq ’ n
7 r=sqrt ((25*x^2) /16) // cm
8 // Maximum a c c e l e r a t i o n i s g i v e n as ,
9 a_max=(%pi/3) ^2*10 // cm/ s ˆ2

10 // V e l o c i t y when i t i s a t a d i s t o f 5 cm ( assume s=5
cm) i s g i v e n by

11 s=5 // cm
12 v=omega*sqrt(r^2-s^2) // cm/ s
13 // R e s u l t s
14 clc

15 printf( ’ ( a ) The ampl i tude o f o s c i l l a t i o n i s %f cm \n
’ ,r)

16 printf( ’ ( b ) The maximum a c c e l e r a t i o n i s %f cm/ s ˆ2 \n
’ ,a_max)

17 printf( ’ ( c ) The v e l o c i t y o f the p a r t i c l e at 5 cm
from mean p o s i t i o n i s %f cm/ s \n ’ ,v)
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Scilab code Exa 24.2 Simple Harmonic Motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 x_1 =0.1 // m // assume the d i s t a n c e o f the p a r t i c l e

from mean p o s i t i o n as ( x 1 & x 2 )
3 x_2 =0.2 // m
4 // assume v e l o c i t i e s as v 1 & v 2
5 v_1 =1.2 // m/ s
6 v_2 =0.8 // m/ s
7 // C a l c u l a t i o n s
8 // The ampl i tude o f o s c i l l a t i o n s i s g i v e n by

d i v i d i n g eq ’ n 1 by 2 as ,
9 r=sqrt (0.32/5) // m
10 omega=v_1/(sqrt(r^2-x_1^2)) // r a d i a n s / second
11 t=(2* %pi)/omega // s e c o n d s
12 v_max=r*omega // m/ s
13 // l e t the max a c c e l e r a t i o n be a which i s g i v e n as ,
14 a=r*omega^2 // m/ s ˆ2
15 // R e s u l t s
16 clc

17 printf( ’ ( a ) The ampl i tude o f o s c i l l a t i o n s i s %f m \n
’ ,r)

18 printf( ’ ( b ) The t ime p e r i o d o f o s c i l l a t i o n s i s %f
s e c o n d s \n ’ ,t)

19 printf( ’ ( c ) The maximum v e l o c i t y i s %f m/ s \n ’ ,v_max
)

20 printf( ’ ( d ) The maximum a c c e l e r a t i o n i s %f m/ s ˆ2 \n ’
,a) // the v a l u e o f max acc i s i n c o r r e c t i n the
t ex tbook

21 // NOTE: the v a l u e o f t i s i n c o r r e c t i n the t e x t
book

22 // The v a l u e s may d i f f e r s l i g h t l y due to dec ima l
p o i n t a c cu ra cy
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Scilab code Exa 24.5 Equivalent spring constant

1 // I n i t i l i z a t i o n o f v a r i a b e s
2 W=50 // N // we ight
3 x_0 =0.075 // m // ampl i tude
4 f=1 // o s c i l l a t i o n / s e c // f r e q u e n c y
5 g=9.81

6 // C a l c u l a t i o n s
7 omega =2* %pi*f

8 K=(((2* %pi)^2*W)/g)*(10^ -2) // N/cm
9 // l e t the t o t a l e x t e n s i o n o f the s t r i n g be d e l t a

which i s g i v e n as ,
10 delta=(W/K)+(x_0 *10^2) // cm
11 T=K*delta // N // Max Tens ion
12 v=omega*x_0 //m/ s // max v e l o c i t y
13 // R e s u l t s
14 clc

15 printf( ’ ( a ) The s t i f f n e s s o f the s p r i n g i s %f N/cm \
n ’ ,K)

16 printf( ’ ( b ) The maximum Tens ion i n the s p r i n g i s %f
N \n ’ ,T)

17 printf( ’ ( c ) The maximum v e l o c i t y i s %f m/ s \n ’ ,v)

Scilab code Exa 24.10 Pendulum Motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 l=1 // m // l e n g t h o f the s i m p l e pendulum
3 g=9.81 // m/ s ˆ2
4 // C a l c u l a t i o n s
5 // Let t s be the t ime p e r i o d when the e l e v a t o r i s

s t a t i o n a r y
6 t_s =2*%pi*sqrt(l/g) // / s e c o n d s
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7 // Let t u be the t ime p e r i o d when the e l e v a t o r
moves upwards . Then from eqn 1

8 t_u =2*%pi*sqrt((l)/(g+(g/10))) // s e c o n d s
9 // Let t d be the t ime p e r i o d when the e l e v a t o r

moves downwards .
10 t_d =2*%pi*sqrt(l/(g-(g/10))) // s e c o n d s
11 // R e s u l t s
12 clc

13 printf( ’ The t ime p e r i o d o f o s c i l l a t i o n o f the
pendulum f o r upward acc o f the e l e v a t o r i s %f
s e c o n d s \n ’ ,t_u)

14 printf( ’ The t ime p e r i o d o f o s c i l l a t i o n o f the
pendulum f o r downward acc o f the e l e v a t o r i s %f
s e c o n d s \n ’ ,t_d)

Scilab code Exa 24.11 Pendulum Motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 t=1 // second // t ime p e r i o d o f the s i m p l e pendulum
3 g=9.81 // m/ s ˆ2
4 // C a l c u l a t i o n s
5 // Length o f pendulum i s g i v e n as ,
6 l=(t/(2* %pi)^2)*g // m
7 // Let t u be the t ime p e r i o d when the e l e v a t o r

moves upwards . Then the t ime p e r i o d i s g i v e n as ,
8 t_u =2*%pi*sqrt((l)/(g+(g/10))) // s e c o n d s
9 // Let t d be the t ime p e r i o d when the e l e v a t o r

moves downwards .
10 t_d =2*%pi*sqrt(l/(g-(g/10))) // s e c o n d s
11 // R e s u l t s
12 clc

13 printf( ’ The t ime p e r i o d o f o s c i l l a t i o n o f the
pendulum f o r upward acc o f the e l e v a t o r i s %f
s e c o n d s \n ’ ,t_u)

14 printf( ’ The t ime p e r i o d o f o s c i l l a t i o n o f the
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pendulum f o r downward acc o f the e l e v a t o r i s %f
s e c o n d s \n ’ ,t_d)

Scilab code Exa 24.12 Pendulum Motion

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 m=15 // kg // mass o f the d i s c
3 D=0.3 // m // d iamete r o f the d i s c
4 R=0.15 // m // r a d i u s
5 l=1 // m // l e n g t h o f the s h a f t
6 d=0.01 // m // d iamete r o f the s h a f t
7 G=30*10^9 // N−mˆ2 // modulus o f r i g i d i t y
8 // C a l c u l a t i o n s
9 // M. I o f the d i s c about the a x i s o f r o t a t i o n i s

g i v e n as ,
10 I=(m*R^2)/2 // kg−mˆ2
11 // S t i f f n e s s o f the s h a f t
12 k_t=(%pi*d^4*G)/(32*l) // N−m/ r a d i a n
13 t=2*%pi*sqrt(I/k_t) // s e c o n d s
14 // R e s u l t s
15 clc

16 printf( ’ The t ime p e r i o d o f o s c i l l a t i o n s o f the d i s c
i s %f s e c o n d s \n ’ ,t)
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Chapter 25

Shear Force and Bending
Moment

Scilab code Exa 25.5 Shear Force and Bending Moment

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 L_AB=3 // m // l e n g t h o f the beam
3 L_AC=1 // m
4 L_BC=2 // m
5 M_C =12 // kNm // c l o c k w i s e moment at C
6 // C a l c u l a t i o n s
7 // REACTIONS
8 R_B=M_C/L_AB // kN // moment at A
9 R_A=-M_C/L_AB // kN // moment at B
10 // S . F
11 F_A=R_A // kN
12 F_B=R_A // kN
13 // B .M
14 M_A=0 // kNm
15 M_C1=R_A*L_AC // kNm // M C1 i s the BM j u s t b e f o r e C
16 M_C2=(R_A*L_AC)+M_C // kNm // M C2 i s the BM j u s t

a f t e r C
17 M_B=0 // kNm
18 // P l o t t i n g SFD & BMD
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19 x=[0;0.99;1;3]

20 y=[-4;-4;-4;-4]

21 a=[0;0.99;1;3]

22 b=[0; -4;8;0]

23 subplot (221)

24 xlabel(”Span (m) ”)
25 ylabel(” Shear Force (kN) ”)
26 plot(x,y)

27 subplot (222)

28 plot(a,b)

29 xlabel(”Span (m) ”)
30 ylabel(” Bending Moment (kNm) ”)
31 // R e s u l t s
32 clc

33 printf( ’ The graphs a r e the s o l u t i o n s ’ )

Scilab code Exa 25.7 Shear Force and Bending Moment

1 // I n i t i l i z a t i o n o f v a r i a b l e s
2 L_AD=8 // m // l e n g t h o f the beam
3 L_AB=2 // m
4 L_BC=4 // m
5 L_CD=2 // m
6 UDL=1 // kN/m
7 P=2 // kN // p o i n t l oad at A
8 // C a a l c u l a t i o n s
9 // REACTIONS

10 // s o l v i n g eqn ’ s 1&2 u s i n g matr ix to g e t R B & R C
as ,

11 A=[1 1;1 3]

12 B=[8;30]

13 C=inv(A)*B

14 // SHEAR FORCE
15 // the term F with s u f f i x e s 1 & 2 i n d i c a t e s SF j u s t

to l e f t and r i g h t
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16 F_A=-P // kN
17 F_B1=-P // kN
18 F_B2=-P+C(1) // kN
19 F_C1=-P+C(1) -(UDL*L_BC) // kN
20 F_C2=-P+C(1) -(UDL*L_BC)+C(2) // kN
21 F_D=0

22 // BENDING MOMENT
23 // the term F with s u f f i x e s 1 & 2 i n d i c a t e s BM j u s t

to l e f t and r i g h t
24 M_A=0 // kNm
25 M_B=(-P*L_CD) // kNm
26 M_C=(-P*(L_AB+L_BC))+(C(1)*L_BC) -(UDL*L_BC*(L_BC /2))

// kNm
27 M_D=0 // kNm
28 // LOCATION OF MAXIMUM BM
29 // Max BM o c c u r s at E at a d i s t a n c e o f 2 . 5 m from B

i . e x=L AE=4.5 m from f r e e end A. Thus max BM i s
g i v e n by t a k i n g moment at B

30 L_AE =4.5 // m // g i v e n
31 M_E=(-2* L_AE)+(4.5*( L_AE -2)) -((1/2)*(L_AE -2) ^2) //

kNm
32 // PLOTTING SFD & BMD
33 x=[0;1.99;2;4.5;5.99;6;8]

34 y=[ -2; -2;2.5;0; -1.5;2;0]

35 a=[0;2;4.5;6;8]

36 b=[0; -4; -0.875; -2;0]

37 subplot (221)

38 xlabel(”Span (m) ”)
39 ylabel(” Shear Force (kN) ”)
40 plot(x,y)

41 subplot (222)

42 plot(a,b)

43 xlabel(”Span (m) ”)
44 ylabel(” Bending Moment (kNm) ”)
45 // R e s u l t s
46 clc

47 printf( ’ The graphs a r e the s o l u t i o n s ’ )
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Chapter 26

Appendix

Scilab code Exa 26.1 Appendix

1 // 1 APPENDIX. Ex no 1 . Page no 638
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 P=[-5,2,14] // Po int co−o r d i n a t e s
4 // C a l c u l a t i o n s
5 r=sqrt(P(1) ^2+P(2)^2+P(3)^2) // Magnitude o f the

p o i s t i o n v e c t o r
6 // D i r e c t i o n c o s i n e s
7 l=P(1)/r

8 m=P(2)/r

9 n=P(3)/r

10 // Unit Vector c a l c u l a t i o n s
11 r_unit=P/r

12 // R e s u l t s
13 clc

14 printf(”The P o s i t i o n v e c t o r i s %f i+%fj+%fk \n”,P(1),
P(2),P(3))

15 printf( ’ The v a l u e o f r i s %f∗ l i + %f∗m j + %f∗n k \
n ’ ,r,r,r)

16 printf(”The u n i t v e c t o r i n the d i r e c t i o n o f r i s %f i
+%fj+%fk”,r_unit (1),r_unit (2),r_unit (3))
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Scilab code Exa 26.2 Appendix

1 // 1 APPENDIX. Ex no 2 . Page no 639
2 // I n i t i l i z a t i n o f v a r i a b l e
3 F=10 //N
4 P_1=[2,4,3]

5 P_2=[1,-5,2]

6

7 // C a l c u l a t i o n s
8 d_x=P_2(1)-P_1 (1)

9 d_y=P_2(2)-P_1 (2)

10 d_z=P_2(3)-P_1 (3)

11 d=sqrt(d_x ^2+ d_y^2+d_z ^2)

12 Fx=(F/d)*d_x //N
13 Fy=(F/d)*d_y //N
14 Fz=(F/d)*d_z //N
15 // D i r e c t i o n c o s i n e s
16 l=Fx/F

17 m=Fy/F

18 n=Fz/F

19 // Ang le s
20 theta_x=acosd(l) // d e g r e e s
21 theta_y=acosd(m) // d e g r e e s
22 theta_z=acosd(n) // d e g r e e s
23

24 // R e s u l t
25 clc

26 printf(”The f o r c e i n v e c t o r n o t a t i o n i s %f i%f j%fk \n”
,Fx ,Fy,Fz)

27 printf(” Thetax=%f deg r e e s , Thetay=%f deg r e e s , Thetaz=
%f d e g r e e s ”,theta_x ,theta_y ,theta_z)
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Scilab code Exa 26.3 Appendix

1 // 1 APPENDIX. Ex no 3 . Page no 640
2 // i n i t i l i a t i o n o f v a r i a b l e s
3 T=2500 //N
4 //Co−o r d i n a t e s
5 Q=[40,0,-30]

6 P=[0,80,0]

7

8 // C a l c u l a t i o n s
9 mag_QP=sqrt((P(1)-Q(1))^2+(P(2)-Q(2))^2+(P(3)-Q(3))

^2) // Magnitude
10 QP=[(P(1)-Q(1)) ,(P(2)-Q(2)) ,(P(3)-Q(3))]

11 F=(T/mag_QP)*QP //N
12 thetax=acosd(F(1)/T) // d e g r e e s
13 thetay=acosd(F(2)/T) // d e g r e e s
14 thetaz=acosd(F(3)/T) // d e g r e e s
15

16 // R e s u l t
17 clc

18 printf(”The f o r c e v e c t o r i s %f i+%fj+%fk N\n”,F(1),F
(2),F(3))

19 // Answer i n the t ex tbook i s p r i n t e d as 1600 which i s
i n c o r r e c t

20 printf(”The a n g l e s a r e t he t a x=%f , t h e t a y=%f and
t h e t a z=%f d e g r e e s ”,thetax ,thetay ,thetaz)

Scilab code Exa 26.4 Appendix

1 // 1 APPENDIX. Ex no 4 . Page no 642
2 // i n i t i l i z a t i o n o f v a r i a b l e s
3 A=[2,-1,1]

4 B=[1,1,2]

5 C=[3,-2,4]

6 // C a l c u l a t i o n s
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7 R=[A(1)+B(1)+C(1),A(2)+B(2)+C(2),A(3)+B(3)+C(3)] //
R e s u l t a n t

8 mag=sqrt(R(1) ^2+R(2)^2+R(3)^2)

9 // Unit v e c t o r
10 U=R/mag

11 // R e s u l t
12 clc

13 printf(”The u n i t v e c t o r i s %f i%f j+%fk”,U(1),U(2),U
(3))

14 // Answer f o r k pa r t i s i n c o r r e c t i n the t ex tbook

Scilab code Exa 26.5 Appendix

1 // 1 APPENDIX. Ex no 5 . Page no 642
2 // i n i t i l i z a t i o n o f v a r i a b l e s
3 A=[2,-6,-3]

4 B=[4,3,-1]

5 // C a l c u l a t i o n s
6 AdotB=A(1)*B(1)+A(2)*B(2)+A(3)*B(3)

7 magA=sqrt(A(1)^2+A(2) ^2+A(3)^2)

8 magB=sqrt(B(1)^2+B(2) ^2+B(3)^2)

9 theta=acosd(AdotB/(magA*magB)) // d e g r e e s
10

11 // R e s u l t
12 clc

13 printf(”The product o f both the v e c t o r s i s %f\n”,
AdotB)

14 printf(”The a n g l e between them i s %f d e g r e e s ”,theta)

Scilab code Exa 26.6 Appendix

1 // 1 APPENDIX. Ex no 6 . Page no 643
2 // i n i t i l i z a t i o n o f v a r i a b l e s
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3 A=[4,-3,1]

4 P=[2,3,-1]

5 Q=[-2,-4,3]

6 // C a l c u l a t i o n s
7 B=[Q(1)-P(1),Q(2)-P(2),Q(3)-P(3)]

8 AdotB=A(1)*B(1)+A(2)*B(2)+A(3)*B(3)

9 magB=sqrt(B(1)^2+B(2) ^2+B(3)^2)

10 Acostheta=AdotB/magB

11 // R e s u l t
12 clc

13 printf(”The v a l u e o f A. c o s t h e t a i s %f”,Acostheta)

Scilab code Exa 26.7 Appendix

1 // 1 APPENDIX. Ex no 7 . Page no 643
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 F=[5,10,-15]

4 a=[1,0,3]

5 b=[3,-1,-6]

6 // C a l c u l a t i o n s
7 d=b-a

8 work=F.*d

9 Work=work (1)+work (2)+work (3)

10 // R e s u l t
11 clc

12 printf(”The work done i s %f u n i t s ”,Work)

Scilab code Exa 26.8 Appendix

1 // 1 APPENDIX. Ex no 8 . Page no 644
2 // i n i t i l i z a t i o n o f v a r i a b l e s
3 A=[2,-6,-3]

4 B=[4,3,-1]
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5 // C a l c u l a t i o n s
6 AcrossB =[(A(2)*B(3)-B(2)*A(3)),A(3)*B(1)-A(1)*B(3),A

(1)*B(2)-A(2)*B(1)]

7 mag=sqrt(AcrossB (1)^2+ AcrossB (2)^2+ AcrossB (3) ^2)

8 n=AcrossB/mag

9 magA=sqrt(A(1)^2+A(2) ^2+A(3)^2)

10 magB=sqrt(B(1)^2+B(2) ^2+B(3)^2)

11 theta=asind(mag/(magA*magB))

12 // R e s u l t
13 clc

14 printf(”The c r o s s p r coduc t o f the two v e c t o r s i s %f i
%fj+%fk\n”,AcrossB (1),AcrossB (2),AcrossB (3)) //

the answer f o r j pa r t i s wrong i n t ex tbook
15 printf(”The a n g l e between the two i s %f d e g r e e s ”,

theta)

16 // Only 1 v a l u e f o r t h e t a has been s o l v e d . Ref
t ex tbook f o r the o t h e r v a l u e

Scilab code Exa 26.9 Appendix

1 // 1 APPENDIX. Ex no 9 . Page no 645
2 // I n i t i l i z a t i o n o f V a r i a b l e
3 // NOTE: Some Notat i on has been change to avo id

c o n f l i c t
4 // P o i n t s As m a r t i c e s
5 A=[0,1,2]

6 B=[1,3,-2]

7 P=[3,6,4]

8 a_s=2 // Angular speed i n rad / s
9

10 // C a l c u l a t i o n s
11 C=[B(1)-A(1),B(2)-A(2),B(3)-A(3)]

12 magC=(C(1)^2+C(2)^2+C(3) ^2) ^0.5 // Magnitude o f the
Vector C

13 // Unit v e c t o r
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14 C_unit =[C(1)/magC ,C(2)/magC ,C(3)/magC] // Unit
v e c t o r

15 // P o s i t i o n Vector
16 r=[P(1)-A(1),P(2)-A(2),P(3)-A(3)]

17 // V e l o c i t y Vector
18 // C a l c u l a t i n g the c r o s s product as ,
19 V=[(C(2)*r(3)-C(3)*r(2)),(C(3)*r(1)-C(1)*r(3)),(C(1)

*r(2)-C(2)*r(1))]

20 // Vector n o t a t i o n
21 V_n=(a_s/magC)*[V(1),V(2),V(3)]

22 // V e l o c i t y Magnitude
23 magV=sqrt(V(1) ^2+V(2) ^2+V(3)^2)

24 v=(a_s/magC)*magV

25 // R e s u l t
26 clc

27 printf(”The v e c t o r n o t a t i o n o f v e l o c i t y i s %f i %fj
%fk \n”,V_n(1),V_n (2),V_n (3))

28 printf(”The magnitude o f the V e l o c i t y Vector i s %f \
n”,v)

Scilab code Exa 26.10 Appendix

1 // 1 APPENDIX. Ex no 1 0 . Page no 647
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 // P o i n t s as m a t r i c e s
4 O=[-2,3,5]

5 P=[1,-2,4]

6 Q=[5,2,3]

7 F=[4,4,-1] // Force v e c t o r
8 // C a l c u l a t i o n s
9 // P os i t on v e c t o r ( we w i l l s o l v e on ly by u s i n g r 1

as r 2 a l s o g i v e s the same answer )
10 r_1=[P(1)-O(1),P(2)-O(2),P(3)-O(3)]

11 // Moment
12 // C a l c u l a t i n g the c r o s s product
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13 M=[(r_1(2)*F(3)-r_1(3)*F(2)) ,(r_1 (3)*F(1)-r_1(1)*F

(3)),(r_1(1)*F(2)-r_1(2)*F(1))]

14 // R e s u l t s
15 clc

16 printf( ’ The Moment about p o i n t O i s %f i %fj+%fk \n ’ ,
M(1),M(2),M(3))

Scilab code Exa 26.11 Appendix

1 // 1 APPENDIX. Ex no 1 1 . Page no 647
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 // P o i n t s as m a t r i c e s
4 P=[1,-1,2] // Po int where f o r c e i s a p p l i e d
5 O=[2,-1,3] // p o i n t where moment i s to be found
6 F=[3,2,-4] // Force v e c t o r
7 // C a l c u l a t i o n s
8 // P o s i t i o n v e c t o r o f p o i n t P wrt O
9 r=[P(1)-O(1),P(2)-O(2),P(3)-O(3)]

10 // Moment
11 M=[(r(2)*F(3)-r(3)*F(2)),(r(3)*F(1)-r(1)*F(3)),(r(1)

*F(2)-r(2)*F(1))]

12 // Resuts
13 clc

14 printf( ’ The moment o f the f o r c e i s %f i %fj %fk \n ’ ,M
(1),M(2),M(3))

Scilab code Exa 26.12 Appendix

1 // 1 APPENDIX. Ex no 1 2 . Page no 648
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 // D i f f e r e n t n o t a t i o n s have been used at some p l a c e s
4 f=22 // N
5 // P o i n t s as m a t r i c e s
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6 A=[4,-1,7]

7 O=[1,-3,2]

8 V=[9,6,-2] // Given v e c t o r
9 // C a l c u l a t i o n s
10 // Unit v e c t o r i n the d i r e c t i o n o f the v e c t o r
11 v=[V(1),V(2),V(3)]/sqrt(V(1)^2+V(2)^2+V(3) ^2)

12 // Force
13 F=f*[v(1),v(2),v(3)]

14 // P o s i t i o n v e c t o r o f p o i n t A wrt O
15 r=[A(1)-O(1),A(2)-O(2),A(3)-O(3)]

16 // Moment
17 M=[(r(2)*F(3)-r(3)*F(2)),(r(3)*F(1)-r(1)*F(3)),(r(1)

*F(2)-r(2)*F(1))]

18 // R e s u l t s
19 clc

20 printf( ’ The moment i s %f i + %fj + %f k \n ’ ,M(1),M(2)
,M(3))

Scilab code Exa 26.13 Appendix

1 // 1 APPENDIX. Ex no 1 3 . Page no 648
2 // I n i t i l i z a t i o n o f v r i a b l e s
3 // N o t a t i o n s have been changed
4 // Force Vector
5 F=[50 ,-80 ,30]

6 // from f i g . 1 3
7 theta1 =30 // a n g l e s by which the a x i s i s r o t a t e d (

a l l i n d e g r e e s )
8 theta2 =60

9 theta3 =90

10 theta4 =120

11 theta5 =0

12 // C a l c u l a t i o n s
13 // Unit v e c t o r i n u−d i r e c t i o n
14 u_unit =[1* cosd(theta1) ,1*cosd(theta2) ,1*cosd(theta3)

178



]

15 // Unit v e c t o r i n v−d i r e c t i o n
16 v_unit =[1* cosd(theta4) ,1*cosd(theta1) ,1*cosd(theta3)

]

17 // Unit v e c t o r i n w−d i r e c t i o n
18 w_unit =[1* cosd(theta3) ,1*cosd(theta3) ,1*cosd(theta5)

]

19 // Components o f f o r c e
20 // f i n d i n g the dot product as
21 u=F(1)*u_unit (1)+F(2)*u_unit (2)+F(3)*u_unit (3) // N
22 v=F(1)*v_unit (1)+F(2)*v_unit (2)+F(3)*v_unit (3) // N
23 w=F(1)*w_unit (1)+F(2)*w_unit (2)+F(3)*w_unit (3) // N
24 // R e s u l t s
25 clc

26 printf( ’ The components o f the f o r c e i s , a l ong u=%f N,
a l ong v=%f N, a l ong w=%f N \n ’ ,u,v,w)

Scilab code Exa 26.14 Appendix

1 // 1 APPENDIX. Ex no 1 4 . Page no 649
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 // Some n o t a t i o n s have been assumed
4 f=100 // N // magnitude o f f o r c e
5 // Co−o r d i n a t e s o f c o r n e r s o f the box as m a t r i c e s
6 A=[0,0,0]

7 B=[0.5 ,0 ,0]

8 C=[0.5 ,0 ,1]

9 D=[0,0,1]

10 E=[0 ,0.5 ,0]

11 F=[0.5 ,0.5 ,0]

12 G=[0.5 ,0.5 ,1]

13 H=[0 ,0.5 ,1]

14 // C a l c u l a t i o n s
15 // Force v e c t o r
16 Fmag=f/sqrt((F(1)-C(1))^2+(F(2)-C(2))^2+(F(3)-C(3))
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^2)

17 F=Fmag*[F(1)-C(1),F(2)-C(2),F(3)-C(3)]

18 // P o s i t i o n v e c t o r
19 r_EC=[C(1)-E(1),C(2)-E(2),C(3)-E(3)]

20 // Moment about p o i n t E
21 // C a l c u l a t i n g the c r o s s product
22 M_E =[( r_EC (2)*F(3)-r_EC (3)*F(2)) ,(r_EC (3)*F(1)-r_EC

(1)*F(3)),(r_EC (1)*F(2)-r_EC (2)*F(1))] // N.m //
The v a l u e taken f o r F i s i n c o r r e c t i n t ex tbook .

23 // Unit v e c t o r
24 n_AE=[E(1)-A(1),E(2)-A(2),E(3)-A(3)]/sqrt((E(1)-A(1)

)^2+(E(2)-A(2))^2+(E(3)-A(3))^2)

25 // Moment o f f o r c e about a x i s AE
26 // f i n d i n g the dot product
27 M_AE=M_E(1)*n_AE (1)+M_E (2)*n_AE (2)+M_E(3)*n_AE (3) //

N.m
28 // R e s u l t s
29 clc

30 printf( ’ The moment o f the f o r c e about p o i n t E i s %f i
− %fj + %fk N.m \n ’ ,M_E)

31 printf( ’ The moment o f f o r c e about a x i s AE i s −%f N.m
\n ’ ,M_AE)

32 // The v a l u e o f M AE & M E i s i n c o r r e c t i n the
t ex tbook . I n c o r r e c t v a l u e o f f o r c e v e c t o r i s taken

i n c a l c u l a t i o n o f M E

Scilab code Exa 26.15 Appendix

1 // 1 APPENDIX. Ex no 1 5 . Page no 652
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 // Cons ide r f i g . 1 6 . The co−o r d i n a t e s o f v a r i o u s

p o i n t s a r e
4 // Co−o r d i n a t e s as m a t r i c e s
5 // Some o f the n o t a t i o n s have been changed
6 f1=5 // kN
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7 f2=7.5 // kN
8 f3=10 // kN
9 A=[0,0,0]

10 E=[0,1,0]

11 D=[0,0,2]

12 F=[3,1,0]

13 G=[3,1,2]

14 H=[0,1,2] // co−o r d i n a t e s o f H not g i v e n i n book .
r e f f i g . 1 6 f o r the same

15 // C a l c u l a t i o n s
16 // Force v e c t o r s
17 F1=(f1/sqrt((F(1)-E(1))^2+(F(2)-E(2))^2+(F(3)-E(3))

^2))*[F(1)-E(1),F(2)-E(2),F(3)-E(3)]

18 F2=(f2/sqrt((D(1)-H(1))^2+(D(2)-H(2))^2+(D(3)-H(3))

^2))*[D(1)-H(1),D(2)-H(2),D(3)-H(3)]

19 F3=(f3/sqrt((G(1)-E(1))^2+(G(2)-E(2))^2+(G(3)-E(3))

^2))*[G(1)-E(1),G(2)-E(2),G(3)-E(3)]

20 // R e s u l t a n t f o r c e
21 R=F1+F2+F3 // kN
22 // P o s i t i o n v e c t o r s
23 r_AE=[E(1)-A(1),E(2)-A(2),E(3)-A(3)]

24 r_AD=[D(1)-A(1),D(2)-A(2),D(3)-A(3)]

25 // Moment o f f o r c e s about A
26 // C a l c u l a t i n g the c r o s s product
27 M1=[( r_AE (2)*F1(3)-r_AE (3)*F1(2)),(r_AE (3)*F1(1)-

r_AE (1)*F1(3)),(r_AE (1)*F1(2)-r_AE (2)*F1(1))]

28 M2=[( r_AD (2)*F2(3)-r_AD (3)*F2(2)),(r_AD (3)*F2(1)-

r_AD (1)*F2(3)),(r_AD (1)*F2(2)-r_AD (2)*F2(1))]

29 M3=[( r_AE (2)*F3(3)-r_AE (3)*F3(2)),(r_AE (3)*F3(1)-

r_AE (1)*F3(3)),(r_AE (1)*F3(2)-r_AE (2)*F3(1))]

30 // R s e u l t a n t moment
31 M_R=M1+M2+M3 // KN.m
32 // R e s u l t s
33 clc

34 printf( ’ The r e s u l t a n t f o r c e i s %f i %fj + %fk kN \n ’ ,
R)

35 printf( ’ The r e s u l t a n t moment o f a l l the f o r c e s about
p o i n t A i s %f i + %fj %fk kN .m \n ’ ,M_R)
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Scilab code Exa 26.16 Appendix

1 // 1 APPENDIX. Ex no 1 6 . Page no 654
2 // I n i t i i z a t i o n o f v a r i a b l e s
3 F=20 // kN // Force a c t i n g at O
4 M_x =76 // kNm
5 M_y =82 // kNm
6 // C a l c u l a t i o n s
7 x=M_x/F // m
8 z=M_y/F // m
9 // R e s u l t s
10 clc

11 printf( ’ The p o i n t o f a p p l i c a t i o n shou ld be s h i f t e d
to : x=%f m and z=%f m \n ’ ,x,z)

Scilab code Exa 26.17 Appendix

1 // 1 APPENDIX. Ex no 1 7 . Page no 655
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 W=5000 // N
4 // Co−o r d i n a t e s o f v a r i o u s p o i n t s
5 A=[0 ,4.5 ,0]

6 B=[2.8 ,0 ,0]

7 C=[0,0,-2.4]

8 D=[ -2.6 ,0 ,1.8]

9 // C a l c u l a t i o n s
10 // Ref t ex tbook f o r the v a l u e s o f t e n i o n i n the

c a b l e AB, AC & AD. The v a l u e s c o n s i s t o f
v a r i a b l e s which cannot be d e f i n e d he r e

11 // We re−a r r a n g e and d e f i n e the e q u a t i o n s o f
e q u i l i b r i u m as m a t r i c e s and s o l v e them as ,
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12 P=[0.528 ,0.0 , -0.472;0.0 ,0.47 , -0.327;0.85 ,0.88 ,0.818]

13 Q=[0;0;5000]

14 X=inv(P)*Q

15 // R e s u l t s
16 clc

17 printf( ’ Tens ion i n c a b l e AD i s %f N \n ’ ,X(3))
18 printf( ’ Tens ion i n c a b l e AB i s %f N \n ’ ,X(1))
19 printf( ’ Tens ion i n c a b l e AC i s %f N \n ’ ,X(2))
20 // The answer may vary s l i g h t l y due to dec ima l p o i n t

e r r o r . Ans f o r T AB i s i n c o r r e c t i n t ex tbook .

Scilab code Exa 26.18 Appendix

1 // 1 APPENDIX. Ex no 1 8 . Page no 656
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 P=5 // kN
4 Q=3 // kN
5 C=5 // kNm // c o u p l e
6 // r e f f i g . 2 0 // N o t a t i o n s have been assumed
7 z1=1.5 // m
8 z2 =0.625 // m
9 z3=0.5 // m

10 x1=3.5 // m
11 x2 =0.625 // m
12 // C a l c u l a t i o n s
13 // sum M x=0
14 R_A =((P*z2)+(Q*z3)+C)/z1 // kN
15 // M z=0
16 R_C =((Q*x1)+(P*x2))/x1 // kN
17 // sum F y=0
18 R_B=P+Q-R_A -R_C // kN
19 // R e s u l t s
20 clc

21 printf( ’ The r e a c t i o n s a r e : R A=%f kN ,R C=%f kN and
R B=%f kN \n ’ ,R_A ,R_C ,R_B)
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Scilab code Exa 26.19 Appendix

1 // 1 APPENDIX. Ex no 1 9 . Page no 657
2 // I n i t i l i z a t i o n o f v a r i a b l e s
3 F=2 // kN
4 W=1 // kN
5 // Co−o r d i n a t e s as m a t r i c e s
6 A=[0,0,0]

7 C=[0 ,0 ,1.2]

8 B=[0 ,0 ,2.5]

9 D=[-1,1,0]

10 E=[1,1,0]

11 F=[0,0,1]

12 G=[0,0,2]

13 // Force v e c t o r
14 f=[0,-2,0]

15 // Weight v e c t o r
16 w=[0,-1,0]

17 // C a l c u l a t i o n s
18 // we have 5 unknowns : A x , A y , A z , T FE & T GD
19 // we d e f i n e and s o l v e eqn ’ s 1 ,2 ,3 ,4&5 u s i n g matr ix

as ,
20 P

=[1 ,0 ,0 ,0.58 , -0.41;0 ,1 ,0 ,0.58 ,0.41;0 ,0 ,1 , -0.58 , -0.82;0 ,0 ,0 ,0.58 ,0.82;0 ,0 ,0 ,0.58 , -0.82]

21 Q=[0;3;0;6.25;0]

22

23 X=inv(P)*Q

24

25 // R e s u l t s
26 clc

27 printf( ’ The components o f r e a c t i o n at A ar e : A x=%f
kN , A y=%f kN and A z=%f kN \n ’ ,X(1),X(2),X(3))

28 printf( ’ The t e n s i o n s i n the c a b l e a r e : T FE=%f kN
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and T GD=%f kN \n ’ ,X(4),X(5))
29 // The s o l u t i o n i n the t ex tbook i s i n c o r r e c t and

y e i l d s s i n g u l a r i t y i n matr ix c a l c u l a t i o n .
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