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01. Ans: (b)

Sol:

Assume  F1 = 2F2 (F1>F2) 

F1x = 2F2  

   R =  cosF4FF 2
2

2
2

2
1

260 =  cosF4FF4 2
2

2
2

2
2

2602 =  cosF4F5 2
2

2
2  ------ (1) 

   R1 =  cosFF2FF 2x1
2
2

2
x1

180 =   180cosF.F.2FF4 22
2
2

2
2

1802 =  cosF4F5 2
2

2
2  ------ (2) 

2602  =  cosF4F5 2
2

2
2  

1802 =  cosF4F5 2
2

2
2  

2
2

22 10F   180260 

  F2 = 100N,  

    2602 = 5(100)2+4(100)2cos 

      = 63.89 

Where  angle between two forces. 

02. Ans: (b)

Sol:  Let the angle between the forces be 

Where, R is the resultant of the two forces.  

If Q is doubled i.e., 2Q then resultant (R) is 

perpendicular to P.  





cosQ2P

sinQ2
90tan

    P + 2Q cos = 0  

           P = –2Q cos   ------(i)  

Also,  cosPQ2QPR 22

 R = Q [using eq.(i)] 

03. Ans: (b)

Sol:  Since moment of F about point A is zero.

 F passes through point A,  

R = 260 
(180–) 

 
F1 F1x 

R1 =180 

F2 

6m 

Fx 

F 

A 

0 

3m 

x B 

Y 

Fy 

 

R 
Q 

P 

 

R 2Q 

P 

Force	and	Moment	Systems	1 
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mN180M F
0 

mN90MF
B 

0M F
A   

0F3F180M yx
F
0   

  Fx = 60N ……. (1) 

906F3FM yx
F
B   

603–6Fy = -90 

 Fy = 
6

270

     Fy = 45N 

   F = 2
y

2
x FF   = 22 4560   = 75 

04. Ans: (a)

Sol:

 
16

0

w

0

wdxdw

w = 
16

0

dxx90  = 90

16

0

1
2

1

1
2

1
x





















= 90  16

0
2/3x

3

2
   = 60 (16)3/2 

w = 3840 N 

The moment due to average force should be 

equal to the variable force  

   R  d = dw  x    

 3840d = x.dx.x90
16

0


= 90 
15

0

5.1 dxx

3840d = 90
16

0

5.2

5.2

x









    d = 9.6 m 

05. Ans: (c)

Sol:  Moment about ‘O’

 M0 = 100sin 603  

         = 300
2

3
 = 150 3

         = 259.8  260 N 

06. Ans: (a)

Sol:  

 FR = Fy  

 FR = 100+150–25+200 (upward force 

positive and downward force negative) 

R = 425 N 

For equilibrium  

MA = 0 (since R = resultant) 

Let R is acting at a distance of ‘d’ 

  425d = 1500.9+252.1–2002.85 

     d = 1.535m (from A)   

100 N 150 N 25 N 200 N 

A C DB 

1.2m 0.9m 0.75m 

16 m 

dw 

360 N/m 

x dx 
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B 

75 

45 
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60 

FBC 

FAB 

200 

Fig: Free body diagram at ‘B’ 

FCD 

75 

105 

60 

FBC 

Fig: Free body diagram at ‘C’ 
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75 

P 
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TAC 

60o 30o 

600N 

A 

 

 

 

 

 

01.  Ans: (d) 

Sol:   

 

 

 

 

 

 

Resolve the forces along the inclined 

surface 

   Fx = 0 

Pcos45 –Wsin30 = 0 

      P = 
45cos

30sin300
   P = 212.13 N 

 

02. Ans: (a)  

Sol:  

 

 

 

 

 TAB cos60 = TAC cos30   

             TAB = 3  TAC   

 TAB sin60 + TAC sin30 = 600 N  

 600T
2

1
T

2

3
ACAC   

   TAB = 520 N ;    TAC = 300 N  

03. Ans: (c) 

Sol: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For Equilibrium of Point ‘B’ 

)120sin(

200

)4560sin(

F

)7560sin(

F BCAB 





 

FBC = 223.07 N 

From Sine rule at “C”. 

105sin

P

)7560sin(

F

)4575sin(

F BCCD 





 

P = 
135sin

105sin07.223 
 

P = 304.71 N 

A 

B 

C 

D 

P 200 

75o 

45o 
45o 

60o 

Y 
X 

N 

W 
30o 

P 
300 

45o 30o Wcos30 

Wsin30 

Equilibrium	of	Force	System 2 
Chapter 
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 

Rx 

mg 

B 

T 

04.  Ans: (d)   

Sol: 

 

 

 

 

 

  tan = 
275

125
  = 24.450 

Tsin = mg. 

Tsin24.45 = (359.81) 

  N5.829T   

 Rx = Tcos24.45 = 755.4 N 

 Ry = 0 

 

05.  Ans: (c) 

Sol:  

 

 

 

  T+2T+T = mg 

  4T = mg 

  m = 4T/g 

 

06.  Ans: (b) 

Sol: 

 

 

 

 

 

 

For body, Fy = 0 

 N – W + T = 0 

  N = W – T 

 

 

 

 

 

Fy = 0 for entire system 

 

RA + T – (W – T) = 0 

RA = W – 2T          ------- (1) 

For equilibrium 

MA = 0 

T× L = (W –T) a 

 TL = Wa – Ta 

 TL +Ta = Wa 

 T (L+ a) = Wa 

   T = 
aL

Wa


 

T substitute in equation (1) 

 RA = 










aL

Wa
2W  

    = 
aL

Wa2)aL(W




 

    = 
aL

Wa2WaWL




 

    = 
aL

WaWL




 

 RA = 
aL

)aL(W




 

 

N 

L 

A B 

T T 

a 

W 

L 

RA 

T W – T 
a 

A B 

T T 2T 

m 
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07.  Ans: (c) 

Sol: 

 

 

 

 

 

 

 

 

Fy = 0 

600 – RC + RD – 600 = 0 

  RC = RD = R 

M = 0 

600 ×5 = R × 3 

  R = 1000 N = RC = RD 

 

08. Ans: (a)  

Sol:    F.B.D  

 

 

 

 

 

 

MA = 0 

Tan = 
4

8
  

      = 63.43 

        Tsin ×4 (↺) –200 ×2 (↻) –100 ×6 (↻) = 0 

  T = 279.5 N 

Now, Fx = 0,  

   RAH –Tcos = 0 

     RAH = 125 N 

    Fy = 0   

 RAV – 200 –100 +Tsin  = 0 

 RVA = 50 N 

 

09.  Ans: 400 N 

Sol: 

 

 

 

 

 

 

 

 

 

Fy = 0 

 NB – W = 0 

 NB = 600 N 

 MA = 0 

 P3+W2 – NB 4= 0 

 
3

W2N4
P B   

 N400
3

60026004
P 


  

 

 

5 m 

3 m 

RD = R 

D 

B 

P = 600 N 

C A 

P = 600 N RC = R 

A 

2.5m 

2.5m 

2m 2m 

W=600N 

3m 

NA 

B 
P 

NB 

100 N 

B 

C 

200 N RAV 

RAH A 

T 

 
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100 N 

T 

F 

W 

N 
FBD of the block 

 
 

 

 

01.  Ans: (c) 

Sol:  The FBD of the above block shown  

 

 

 

 

 

 

Y = 0    N+T–W = 0 

N = W–T = 981 – T 

F = N = 0.2 (981 – T) 

X = 0  100 – F = 0 

F = 100 = 0.2 (981 – T) 

     T = 481 N 

 

02. Ans: (c) 

Sol:  Given Tan = 
4

3
 

sin  = 3/5 

 cos = 4/5 
 

Free body diagram for block (2) 

 

 

 

 

 

 

Free body diagram for block (1) 

 

 

 

 

 

 
From FBD of block (2) 

Fx = 0 

  F2 = Tcos 

  F2 = T
5

4
= 0.8T ------ (1) 

Fy = 0 

N2 + Tsin – W2 = 0 

N2 = W2 – Tsin 

N2 = 50 – 0.6 T 

But F2 = 2N   

 F2 = 0.3(50 – 0.6T) 

      F2 = 15–0.18 T ------ (2) 

From (1) & (2) 

        0.8T = 15 – 0.18 T 

  0.98T = 15 

         T = 15.31 N 

  N2 = 50 – 0.6T 

         = 50 – 0.6 (15.31) = 40.81 N 

 F2 = N2 = 0.340.81= 12.24 N 

 From FBD of block (1) 

 Fy = 0 

 N1 – N2 – W1 = 0 

 N1 = N2 + W1 = 40.81 + 200 = 240.81 N 

 F1 = N1  F1 = 0.3 240.81 

        F1 = 72.24 N 

3 

4 

5 

 

W2 

F2 

N2 

T 

 

F1 

N1 

N2 W1 

F2 

P 

Friction 3 
Chapter 
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m2 g 

N2 

f 

f 

m1 g 

N2 

F f1 

N1 

 Fx = 0 

 P – F1 – F2 = 0 

 P = F1 +F2 = 72.24 + 12.24 

 P = 84.48 N 

 

03. Ans: (b) 

Sol:  Free Body Diagram 

 

 

 

 

 

 

 

FA = NA = AN
3

1
 

FB  = NB = BN
3

1
 

MB = 0 

 –10030(↺)+ (NA20)(↻)+(Fa  12)(↻) = 0 

 – 3000 + NA  20  + 
3

1
 NA  12 = 0 

  NA = 125 N 

    Fy = 0 

    NA – NB – 100 = 0 

  NB = 25 N 

     Fx = 0 

 P = FA +FB =  BA NN
3

1
  

       = N50)25125(
3

1
  

 

04.  Ans: (d)  

Sol:  F.B.D of both the books are shown below.  

 

 

 

 

 

 

 

 

 

where, f is the friction between the two 

books.  

f1 is the friction between the lower book and 

ground.  

Now, maximum possible acceleration of 

upper book.  

 g
m

gm

m

f
a

2

2

2

max
max 


  

       = 0.3 9.81 = 2.943 m/s2  

For slip to occur, acceleration (a1) of lower 

book. i.e,             a1  amax  

       943.2
m

ffF

1

1 


 

F – 2.943 – 0.3  2  9.81  2.943  

 [∵ f = fmax = 2.943  and  

     f1 =  (m1 + m2) g = 0.3  2  9.81]  

 
F  11.77 N  

Fmin = 11.77 N  

 

 

10 cm 20 cm 

NB 

P 

FB 

FA 

NA 

10 cm 35 cm 

W = 100 N 
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05.  Ans: (d) 

Sol: Tan = 
4

3
  sin = 

5

3
 

         cos = 
5

4
 

 FBD for bar AB (2) 

 

 

 

 

 

 

 

 

 FBD for block (1) 

 

 

 

 

 

 

Given W  = 280 N ,     W1 = 400 N 

 Now, MB = 0 

 –W  4 (↺) + N2  8(↻) – F2  6 (↺) = 0 

 –280 4 +N2 8 – N2  6 = 0 

  N2 = 200 N 

 But, F2 = N2 = 0.4 200 = 80 N 

From  FBD  of block (1) 

 Fy  = 0 

 N1 – N2 – W1 = 0 

 N1 = N2 + W1 

      = 200 +400 

 N1 = 600 N 

But, F1 = N1 = 0.4 600 

        F1 = 240 N 

Fx = 0 

  P = F1 +F2  = 240 + 80 

 P = 320 N 

 

06. Ans: (a) 

Sol:  Given, WA = 200 N , A = 0.2 

           WB = 300 N , B = 0.5  

 

 FBD for block ‘B’. 

 

 

 

 Fy = 0 

 NB = WBcos 

 NB = 300 cos 

 But, FB = NB = 0.5  300 cos  

              = 150 cos 

 Fx = 0 

 T + WBsin – FB = 0 

 T = FB –WB sin 

 T = 150 cos –300 sin ------ (1) 
 
 FBD for block ‘A’ 

 

 

 

 

 

 

8 m 

A 
N2 

F2 

W 

4 m 

B 
H 

6 m 

10 m 

 

N2 

P 

F1 

F2 

N1 

W1 

Y 

X 

FB 

NB 

WB

 
T 

B 

Y 

X 

NA WA

 

A 

FA 

T 

4 

3 
5 
 



Engineering Mechanics 9 
 
 
 

 India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC‐JE,	RRB‐JE,	SSC,	Banks,	Groups	&	PSC	Exams	

Enjoy	a	smooth	online	learning	experience	in	various	languages	at	your	convenience	

Y 

X 

F 

N 
W = 500 

45o

P 

W 

C 
r 

N1 

F1 

F2 

N2 

 Fy = 0 

 NA –WAcos = 0 

 NA = 200 cos 

FA = NA = 0.2  200 cos 
 
But, FA = 40 cos 

Fx = 0 

T + FA –WAsin  = 0 

T = WAsin – FA 

T = 200 sin – 40cos 

But from equation (1)  

     T = 150 cos – 300 sin 

150cos – 300sin = 200sin – 40cos 

 190 cos = 500 sin 

    tan = 
500

190
 

    = 20.8o 

 

07. Ans: (d) 

Sol: FBD for the block 

 

 

 

 

 

 

 

 Fy = 0 

 N – Wsin45 –Psin45 = 0 

 N = 
2

P

2

500
  

But, F = N = 









2

P

2

500
25.0  

Fx = 0 

Pcos45 + F – Wsin45 = 0  

2

1
500

2

P

2

500
25.045cosP 








 = 0 

 P = 300 N 

 

08. Ans: (a)  

Sol:   FBD of block 

 F1 = N1 

 F2 = N2 

Fx = 0 

 N2 –F1 = 0  

  N2 = F1  (∵ F1 = N1) 

     N2 =  N1 

 Fy = 0 

 N1 + F2 – W = 0 

 N1 + N2 –W = 0 

 N1 +2N1 –W = 0 (∵ N2 = N1) 

 N1 (1+2) = W 

 N1 = 
21

W


 

N2 = 
21

W




   

Couple = (F1 + F2)  r 

          = r (N1 + N2) 

          
 

21

1Wr




     (∵  = f) 
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 

  
12 cm 

12 cm 

   
 
 
 

P 

T1 

T1 

T2 

T2 

W = 1000 

6 6 

6 6 VC 
FC 

200 

VC 
FC 

A 
1000N

B 

800 

HB 

100 

480 

VB 

09.  Ans: 64 N-m 

Sol:  FBD of shoe bar :  

 

 

 

 

 
 

FBD of Drum Brake : 

 

 

 
 MB = 0 

 VC  480 + FC  100–1000  800 = 0 

 FC = VC = 0.2 VC  

 480VC + 0.2VC 100 = 800000 

 500VC = 800000 

 VC = 1600 N   

FC = 0.2 VC = 0.2×1600 = 320 N 

M = 0.2FC = 0.2×320 = 64 N-m       

 
10. Ans: (a) 

Sol:      = 2 

cos = 
12

6
 

  = 60 

 = 360 –2 

 = 240 = 
3

4
 

2 + 2 = 180 

2 = 180 – 120 

  = 30 = 
6


 

FBD 

 

 

 

 

 

 

 

 

 

 

 

 

(When W moves upwards)  

For Pmin calculation, 

     W > T1 

      e
T

W

1

 

      T1 = 



 1

6e

1000
= 846.48 N 

  e
T

T

2

1  

    T2 = 
3

41

e

48.848





 = 223.12 N 

  e
P

T

min

2  

 Pmin = 
6

1

e

12.223





 

   Pmin = 188.86 N  189 N 

For Pmax calculation 

  e
W

T1  
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y 
X 

F2 
N2 

W2 = W 

 
W2sin 

T1 

W2 cos 

Fig: FBD (1) 
y 

F1 

N1 

W1 = 1000 

 
W1sin 

T2 

W1 cos

Fig: FBD (2)

N2 F2 

X 

T1 = 6

1

e1000



  

T1 = 1181.36 N 

 e
T

T

1

2  

T2 = 3

41

e36.1181



   = 4481.65 N 

 e
T

P

2

max  

Pmax  = 4481.68  6

1

e



  

Pmax  = 5300 N 

 
11. Ans: (b) 

Sol:  Given     = 0.2,      tan = 
4

3
 

        cos  = 
5

4
 

             sin = 
5

3
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From FBD (1) 

 Fy = 0 

N2 –W2 cos = 0 

N2 = W2 cos = W0.8 

N2 = 0.8 W 

F2 = N2 = 0.2  0.8 W 

 F2 = 0.16 W 

Fx = 0 

T1 – W2sin – F2 = 0 

T1 = F2 + W2sin = 0.16 W +0.6W 

T1 = 0.76 W 

 

From FBD (2) 

Fy = 0 

N2 +W1 cos = N1 

N1 = N2 +W1 cos 

N1 = 0.8W + 1000  
5

4
 

N1 = 0.8 W + 800 

F1 = N1 = 0.2 ( 0.8 W+800) 

   = 0.16 W +160 

 e
T

T

1

2  

T2 = T1 e
 = 0.76 W e0.2 

T2 = 1.42 W 

Fx = 0 

T2 + F1 + F2 = W1 sin 

1.42W+0.16W+160+0.16W = 1000  
5

3
 

1.74 W = 440 

    W = 252.87 N 
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2000 N 

R

R R 

R

N81.981.91   

N 

0.8N 

F 

12.  Ans: (d)  

Sol:  

 

 

 

 

 

At equilibrium 

2R = 2000  

 R = N000,10
1.02

2000



 

Taking moment about pin 

300F150000,10    

            F = 5000 N 

 

13.  Ans: (b)  

Sol: 

 

 

 

 

 

   Y = 0  

 N = 9.81 N 

Fs = N = 81.91.0   = 0.98 N 

 The External force applied = 0.8 N < Fs 

  Frictional force = External applied  

    force = 0.8 N 

 

 

 

 

14. Ans: (b) 

Sol:   

 

 

 

 

 

 

 

From FBD (3)  

Fy = 0  

T2  – 200 = 0 

  T2 = 200 

 
From FBD (2) 

 e
T

T

2

1  

T1 = T2 e
 = 2

3.0
e200




  

T1 = 320.39 N 
 
From FBD (1) 

Fy = 0 

N – W = 0 

N = 1000 N 

F = N 

 = 0.3  1000 

F = 300 N 

 Fx = 0, T1 + F – P = 0 

320.39 + 300 = P  

 P = 620.39 

 P = 620.4 N 

T1 

T2 

Fig: FBD (2) 

T2 

200 

Fig: FBD (3)

W 

T1 

F 

N 

P 

Fig: FBD (1)



Engineering Mechanics 13 
 
 
 

 India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC‐JE,	RRB‐JE,	SSC,	Banks,	Groups	&	PSC	Exams	

Enjoy	a	smooth	online	learning	experience	in	various	languages	at	your	convenience	

 

 

 

 

 

01. Ans: (d)  

Sol: tt 22t x 23   

 2t2t6
dt

dx
V 2   

 2t12
dt

dv
a   

 At t = 0  V = 2 and a = 2    

 

02. Ans: (a) 

Sol: V = kx3 – 4x2 + 6x 

 Vat x = 2 if k = 1= 23– 4(2)2 + 6(2) = 4   

 a = 
dt

dx
6

dt

dx
x8

dt

dx
x3.k

dt

dV 2   

 a = 3x2(V) – 8x(V) + 6(V)  

    = 3(2)24 –(8×2×4)+6(4) 

    = 8 m/s2   

 

03. Ans: (d) 

Sol:  Given,          a = V6  

     V6
dt

dV
  

     dt6
V

dV
 

   1Ct6V2   

 Given, at   t = 2 sec,  V = 36   

  362 = 6(2) + C1 

 C1 = 0 

 V2  = 6t 

       V = 9t2 

 But V = 2t9
dt

ds
  

 dtt9ds 2   

    S = 3t3 + C2 

 At,  t = 2 sec, S = 30 m 

  30 = 3(2)3 + C2 

  C2 = 6 

 ∴ S = 3t3 + 6 

 At t = 3 sec 

     S = 3(3)3 + 6 

     S = 87 m 

 

04. Ans: (a)  

Sol: Given, a = –8S–2 

  
2

2

dt

sd

dt

dV
 = –8s–2 = a 

 We know that,   dsadvV  

   dss8
2

V 2
2

 

 1

2

C
S

8

2

V
  

 Given, at S = 4 m , V = 2 m/sec 

  1

2

C
4

8

2

2
  

 C1 = 0 

 ∴ 
S

8

2

V2

  

Kinematics	of	Particle	Rectilinear	
and	Curvilinear	Motion 4 

Chapter 
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       V = 
s

4
 

  
s

4

dt

ds
  

    dt4dss  

       2
2/3 Ct4s

3

2
  

 At t = 1, S = 4 

  2
2/3 C)1(4)4(

3

2
  

 C2 = 4
3

16
 = 

3

4
 

 ∴ 2
2/3 Ct4s

3

2
  

 
3

4
t4s

3

2 2/3   

 At t = 2 sec 

 
3

4
)2(4s

3

2 2/3   

  s = 5.808 m 

 a = 
2s

8
= 

2808.5

8
 = –0.237 m/sec2 

 

05. Ans: (c) 

Sol: Given, a = 4t2 – 2 

 2t4
dt

dv 2   

 dv = (4t2 – 2) dt 

 v = 1

3

Ct2
3

t4
  

 1

3

Ct2
3

t4

dt

dx
  

  







 dtCt2

3

t4
dx 1

3

 

 x = 21

24

CtC
2

t
.2

43

t4



 

 x = 21
2

4

CtCt
3

t
  

 Given condition, 

 At t = 0,   x = –2 m   

           –2 = C2 

 At t= 2, x = –20 m 

  –20 = )2()2(42
3

2 2
4

  

  C1 = 
3

29
 

 ∴ x = 2t
3

29
t

3

t 2
4

  

 ∴ at t = 4 sec 

 x = 2)4(
3

29
4

3

4 2
4

  

  = 28.67 m 

 

06. Ans: (b) 

Sol: 

 

 

 

 

 

 

Let SA be the distance  traveled by “A”  

Let SB be the distance  traveled by “B” 
 

Pt “A” Pt “B” A & B 

SB 

SA 

uA = 20 m/sec 
aA = 5 m/sec2 

uB = 60 m/sec 
aB = –3 m/sec2 
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SA= SB +384 

384ta
2

1
tuta

2

1
tu 2

BB
2

AA   

384t3
2

1
t60t5

2

1
t20 22   

4t2 – 40t – 384 = 0   

    t = 16 sec   (or)    t = –6 sec   

∴ t = 16 sec   

 

07. Ans: (b)  

Sol:  Take , y = x2 – 4x + 100 

 Initial velocity, V0 = ĵ16î4   

 If Vx is constant 

 Vy , ay at x = 16 m  

 Vx = V1x = 4
dt

dx
  

 Vy = 
dt

dx
4

dt

dx
x2

dt

dy
  

 (Vy)  = 2x (4) – 4(4) 

    Vy = 8x – 16 

 (Vy)at x = 16 = 8 (16) –16 = 112 m/sec 

    ay = )V4xV2(
dt

d

dt

dV
xx    

     (∵ Vx = constant) 

   = 
dt

dx
V2 x  = 2Vx. Vx 

          ay = 2
xV2  

 (ay) x = 16 = 2×42 = 32 m/sec2 

 

 

08. Ans: (c) 

Sol: 

 

 

 

 

 

 

 

Let at distance of “x1’ ball (1) crossed ball (2) 

 ∴ x1 + x2 = 36 m  

 x1 = 0(t) + 2gt
2

1
   (∵s = ut + 2at

2

1
) 

 x1 = 2gt
2

1
 -------- (1) 

 x2 = 2gt
2

1
)t(18    

    (∵a = –g  moving upward) 

 x1 + x2 = 36 

 36gt
2

1
t18gt

2

1 22   

 18 t = 36 

 t = 2 sec 

∴ x1 = 22).81.9(
2

1
 

= 19.62 m (from the top) 

   x2 = 36 – 19.62 

       = 16.38 m (from the bottom) 

 

 

x2 

x1 

h = 36 

2 

1 u1 = 0 

u2 = 18 m/sec 
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09. Ans: (b) 

Sol: 

 

 V = u + at 

 V = 0 + 9.81 (5)  

 V = 49.05 m/sec 

 

 V = velocity with which stone strike the 

glass 

 Velocity loss = 20% of V 

          = 
100

2005.49 
 = 9.81 m/sec 

∴ Initial velocity for further movement in 

glass = 49.05 – 9.81  = 39.24 m/sec 

 Distance traveled for 1 sec of time is given 

by  

 S = 2at
2

1
ut   

 S = 2)1)(81.9(
2

1
)1(24.39   

 S = 44.145 m 

 

10. Ans: (a) 

Sol: 

 

 

 

 

 

 

 ax = –4 m/sec2 ,     ay = –20 m/sec2 

 Vx = V0 cos30 = 
2

3
100 = 86.6 m/sec 

 Vy = V0 sin30 = 
2

1
100  = 50 m/sec 

      y = 2
yy0 ta

2

1
tV     

 2t)20(
2

1
t5060     

 10t2 – 50t – 60 = 0 

     t = 6   (or)   –1 sec   

 ∴ t = 6 sec 

 x = 2
x0 ta

2

1
tV   

 x = (86.6 × 6) + 26)4(
2

1
  

 x = 447.6 m ≃ 448 m 

 

11. Ans: (a) 

Sol: Given, V = 20 m/sec 

  x = 20 m, y = 8.0 m 

 

 

 

 

 

 

 

 Vx = Vcos  ,     Vy = Vsin 

  x = 2
x at

2

1
tV   (∵ a = 0, along x direction) 

   x = Vcos t 

 20 = 20 cost 

S 

V = u +at 

u = 0

t = 5sec

g 

Vy V0 = 100 m/sec 

30o 

Vx 

x = ? 

60 m 

y 

x 

V Vy 

Vx 
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 t = 
cos

1
 ------- (1) 

 y = 
2

y gt
2

1
tV   

 8.0 = 2gt
2

1
tsinV   

8.0 = 
2

cos

1
81.9

2

1

cos

1
sin20 












  

8 = 20 tan – 4.9 sec2 

8 = 20tan – 4.9 (1+ tan2 ) 

4.9 tan2  –20 tan +12.9 = 0 

tan1 = 3.28, tan2 = 0.803 

1 = 73.04 ;  2  = 38.76 

 
12. Ans: (d) 

Sol: Range = maximum height 

 
g2

sinV

g

2sinV 22
0

2
0 




 

 sin2 = 
2

sin 2 
 

  2sin cos = 
2

sin 2 
 

  tan = 4 

  = tan–1(4) = 76 

 
13. Ans: (a) 

Sol:   

 

 

 

 

 

 V1x = 100–t3/2 

 V2y = 0 100 + 10t – 2t2 = 0 

            (t–10)(t+5) = 0 

            t = 10 sec 

 V2x at t = 10  V2x = 100 – 103/2  

           = 68.37 m/sec 

 Radius of curvature,  r = 
N

2

a

V
 

          Where aN = ay = 
sec10tat

y

dt

dV










 

                          = (10 – 4t)t=10 

                     aN = –30 m/sec2 

      r = 
N

2
x2

a

V
 = 

30

37.68 2

= 155.8 m 

 

14. Ans: (a)  

Sol: 

 

 

 

 

 

 

 Given, v = 100 m/sec 

          v1x  = v cos60 

                 = 100  1/2 

           v1x = 50 m/sec 

           v1y = v sin60 

                = 100
2

3
  

           v1y = 86.6 m/sec 

V2y 

V2x 

V1x 

V1y 
V0 

aN=ay 

V2x V1y 

V2y 

V 

V1x 

600 
aN 

g 
 

 V
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V2y 

V1y 

V1x 

300 

V2x 

aN = g 

V=50 m/sec 

                   v2y = v1y – gt   (use V = u+at) 

                = 86.6 – 9.8(1) 

          v2y = 76.8 m/sec 

          v2x = v1x = 50 m/sec 

    vat t=1  = 2
y2

2
x2 vv   

              = 22 8.7650   

              = 91.6 m/sec  

           = tan-1 








x

y

v

v
  = tan-1 








50

8.76
 

           = 56.9 rad/sec 

         aN = gcos = 9.81  cos56.9 

              = 5.35 m/sec2 

           r = 
35.5

6.91

a

V 2

N

2

  = 1568.62 m 

 

15. Ans: (d) 

Sol:  

 

 

 

 

 

 

 

 

v1x  = v cos30 = 43.3 m/sec 

   aN = g = a 

      r = 
81.9

3.43

a

V 2

N

2
x1   = 191.13 m 

 

 

 

 

 

 

01. Ans: (a) 

Sol:  

 

 

 

 

 

 
 

 tan = 
4

3
 

      = Tan-1 3/4 = 36.60 

    ay = aT cos – aN sin 

 Note: Velocity will always act in the 

tangential direction   

 Vx = Vsin  

 V = 
6.36sin

2
 = 3.33 m/sec 

  aN = 
10

33.3

r

V 22

  

     aN = 1.111 m/sec2 

     ay = aT cos – aN sin 

      4 = aT cos36.6 – 1.111 sin36.6 

  aT = 5.83 m/sec2 

       aT = r 

        = 
r

a T  = 
10

83.5
 = 0.583 rad/sec2 

 aN 

 

r =10m 

ay = 4  m/sec2  

V 

Vx = 2 m/sec 

3 
4 

 

ar 

Kinematics	of	Rigid	Bodies	Fixed	Axis	
Rotation	and	General	Plane	Motion 5 

Chapter 
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02. Ans: (c) 

Sol: Given  = 4 t  

  = 2 radians at t = 1sec 

  = ?  = ? at t = 3sec 

  =  


dtd
dt

d
 

  = 4 dtt  

  = ct
3

8 2/3  …(1) 

 From given condition, at t = 1,  = 2rad 

 (1)  2 =  
3

2
cc1

3

8
11

2/3 
  

   = 
3

2
t

3

8 2/3   

 At t = 3 sec ,  = 
3

2
)3(

3

8 2/3   

 t = 3 = 13.18rad 

  = 
t

2

dt

)t4(d

dt

d



  

 t = 3 =
2sec/rad15.1

3

2
  

 
03. Ans: (b) 

Sol: r = 2 cm,     = 3 rad/sec ,     a = 30 cm/s2 

  aN = r2 = 2(3)2 = 18 cm/sec2 

 Since total acceleration  a = 2
N

2
T aa   

  a2 = 2
N

2
T aa    

   22
T

2 18a  30   

     aT = 24 cm/sec2 

     aT  = r = 24   

        = 
2

24
= 12rad/sec2 

04. Ans: (d) 

Sol: Given angular acceleration,  =   rad/sec2 

 Angular displacement in time t1 and t2 

        =  rad = 2 – 1  

  t2 = 2 rad/sec 

 t1 = ? 

 1
2
0

2
1t 2  

 2
2
0

2
2t 2  

  12
2
1t

2
2t 2   

 22
1t

2 24   

 22
1t 2  

 t1 =  2  rad/s 

  

05. Ans: (c) 

Sol: Given retardation  

       = –3t2 

   2t3
dt

d



 

  d  =   dtt3 2   

       = –t3 + c1 

 From given condition at t = 0,  

       = 27 rad/sec 

     27 = –03+c1 

  c1 = 27 

    = –t3 + 27 

 Wheel stops at  = 0,  

   0 = –t3 + 27 

    t = 3sec 
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600 

1 m 

A

B

1m/s I

O

06. Ans: (c) 

Sol: angular speed,  = 5 rev/sec 

                              = 52 rad/sec 

              = 10 rad/sec 

 Radius, r = 0.1m 

 If  is constant, d = 0 

   = 0  aT = 0 (since aT = r) 

 Since aT = 0 

 a = 2
T

2
N aa   

 a = aN = 
r

v2

 = 
 

r

r 2
= r2 

            = 0.1  210  = 102 m/sec2 

 
07. Ans: 40  

Sol:  

 

 

 

 

 

 Tangential acceleration  

  aT = r  = 2 12 = 24m/s2  

 Normal acceleration, aN = r 2   

 = 2  42 = 32 m/s2 

 The resultant acceleration 

 a 2
N

2
T aa   

     222 s/m403224    

08. Ans: (b) 

Sol:  

 

 

 

 

 

 

 

 

     VA = Ao1
r   

  12 = Ao1
r 6 

     Ao1
r = 2m 

        4 = 2+ Bo1
r  

    Bo1
r  = 2m 

              VB = Bo1
r  = 26 

          VB = 12 m/sec 
 
09. Ans: (a) 

Sol: Instantaneous centre will have zero velocity 

because the instantaneous centre is the point 

of contact between the object and the floor. 

 
10. Ans: (a)   

Sol: 

 

 

 

 

 

 

2 m 

aN 

Q 
=4 rad/s2 

=12 rad/s2 

a 
aT 

P 

VA = 12 m/sec 

 = 6 rad/sec 

B 

Bo1
r  

1m Ao1
r  

A 3m 

Vb = ? 



Engineering Mechanics 21 
 
 
 

 India’s	Best	Online	Coaching	Platform	for	GATE,	ESE,	PSUs,	SSC‐JE,	RRB‐JE,	SSC,	Banks,	Groups	&	PSC	Exams	

Enjoy	a	smooth	online	learning	experience	in	various	languages	at	your	convenience	

 Va = 1 m/s 

  Va = along vertical 

  Vb = along horizontal 

 So instantaneous center of Va and Vb will be 

perpendicular to A and B respectively 

 

 mlOBIA
2

1
60cos1cos 0    

 mlOAIB
2

3
60sin1sin 0    

 IAVa   

 sec/rad2
IA

Va   

 

11.  Ans: (d) 

Sol:  The velocity directions instantaneous centre 

can be located as shown. By knowing 

velocity (magnitude) of Q we can get the 

angular velocity of the link, from this we 

can get the velocity of ‘P using sine rule. 

 

 

 

 

 

 

 

 

 

 

 

 

‘I’ is the instantaneous centre. 

From sine rule  

65sin

IP

70sin

IQ

45sin

PQ
   

    




70sin

65sin

IQ

IP
 

    1QIVQ   

  
IQ

VQ  

   1
70sin

65sin
V

IQ

IP
IPV QP 




  

      = 0.9645 m/s  

 

 

 

70 
20 

45 
20 

65 

45 

VQ=1m/sec 

I 

P VP 

Q 
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01. Ans: (a)  

Sol:   

 

 

 

 

 

 

 

 

 For the left cord, 

 Fy = 0 

    Wa
g

W
T 








 ………..(1) 

 For the right cord 

 Fy = 0 

  QWa
g

QW
T 







 
 …(2) 

 From (1) & (2) 

 Wa
g

W









 = W+Q – 







 
g

QW
a 

 Wa
g

W









= W +Q – a

g

Q
a

g

W

















 

       Q –
g

Qa
 = 

g

Wa2
   

   
g

Wa2

g

ag
Q 







 
Q = 

ag

Wa2


 

02. Ans: (b) 

Sol: u = 0,  v = 1.828 m/sec,    S = 1.825 m, 

       v2 – u2 = 2as 

 1.8282 – 0 = 2a  1.828 

  a = 
2

828.1
 

  a = 0.914 m/sec2 

 

 

 

 

 

 

For equilibrium, Fy = 0 

  T = W+ a
g

W








 

     = 4448 + 194.0
81.9

4448
  

 T = 4862.42 N 

 

03. Ans: (a) 

Sol:  

 

 

 

 

 

 tan = 
4

3
 

       = tan–1   86.364/3     

  netF x = ma    

W W

T T 

Q 

W W+Q

Direction of
 motion  

Direction of 
 motion  

a
g

W








 

a
g

QW







   

W 

W 

T 
Direction  of 
Inertial force 

Direction 
motion  









g

W a 

P 

Px 

W 

F 
N 

 

Py 

4 
3 

Kinetics	of	Particle	and		
Rigid	Bodies 6 

Chapter 
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 Px – F = a
g

W








 

 Pcos36.86 – F = a
g

W








 

 0.8P – F =  g2.0
g

2224








 

 0.8P – F = 444.8 

 0.8P – F = 444.8 + F 

 P = 556+1.25F ……(1) 

 Fy = 0 

 N+Py–W = 0 

 N = W – Py (since  = 
N

F
) 

 F = N 

 F =  (W – Py) 

    = 0.2(2224 – P sin 36.86) 

 F = 444.8 – 0.12P …..(2) 

 From (1) & (2) 

 P = 556+1.25(444.8 – 0.12P) 

 1.15P = 1112 

 P = 966.95 

 P = 967 N 

 

04. Ans: (d) 

Sol:  

 

 

 

 

 

 

 From static equilibrium condition  

 Fy = 0 

 N – W = 0 

 N = W = 44.48N 
  
 From dynamic equilibrium condition  

 Fx = 0 

 F = ma 

 N = a
g

W
 

  = 
g

a
 

 a = g     …….. (1) 

 Since v2 – u2 = 2as 

 0 – (9.126)2 = 2(–a)  13.689 

 a = 3.042 m/s2 …….. (2) 

 From (1) & (2) 

 3.042 = (9.81) 

    = 0.31 

 

05. Ans: (a)  

Sol:  

 

 

 

 

 

 

 

 

 

 

W 
V=0u = 9.126 m/s 

s 

ma 

F 

N 

ma N 

mg cos 

mg.sin 

X 

Y 

W  

Q 

N 

 

P 
ma 

Wcos 

W 

F 

Wsin 
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 Fy = 0 (static equilibrium) 

 N – Wcos = 0 

 N = Wcos = mgcos 

 Since F = N =  mgcos …….(1) 

 Fx = 0 (Dynamic equilibrium) 

 F+ma – Wsin = 0 

 F = mgsin – ma  …..…(2) 

 From (1) & (2) 

 mg cos = mgsin – ma 

 a = gsin – gcos 

  a = gcos(tan – ) 

 

 Given, PQ = s 

 s = ut+
2

1
at2 

 s = 0(t)+
2

1
at2   t = 

a

s2
  

    =   tancosg

s2
 

 

06. Ans: (a) 

Sol:  

 

 

 

 

 

 

 

 

 

     TA = 2TB   ….(1) 

 Work done by A & B equal  

   TASA = TBSB 

 2TBSA = TB SB 

     2SA = SB 

     2aA = aB  ….(2) 

 For ‘B’ body  

  TB = mBaB + mBg ….(3) 

 For ‘A’ body  

  TA = mAg – mAaA ….(4) 

 (2), (3) & (4) sub in (1) 

 mA g – mA aA = 2(mB(2aA) + mB g) 

 mA g – mA aA = 4mB aA + 2mB g 

 mA aA + 4mB aA = mAg – 2mB g 

  aA = 
BA

BA

m4m

gm2gm




 

       = 











10

50
4

10

150

)50(2150
 

       = 
2015

50


 = 

35

50
 = 1.42 m/s2 

 

07.  Ans: 4.905 m/s 

Sol: S = 0.4  ;    K = 0.2 

FBD of the block  

 

 

 

 

 

 
F 

P = 10t

N 

W = 200 N

150N 

50N B 

mAaA 

mBaB 

TB 

TA 

A 

TB 
x 

a 

mBg 

mAg 

TB 
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 W.r.t free body diagram of the block: 

FS = SN ;    

FK = KN 

 Fy = 0 

 N–W = 0  

 N = W = 200 N 

 Limiting friction or static friction 

(FS) = 0.4200= 80 N 

 Kinetic Friction  

(FK) = 0.2  200 = 40 N 
 

 The block starts moving only when the 

force, P exceeds static friction, FS 

 Thus, under static equilibrium  

 Fx = 0  

 P–FS = 0  10t = 80  

8
10

80
t sec 

    The block starts moving only  

     when t >8seconds 

 
During 8 seconds to 10 seconds of time: 

 According to Newton’s second law of 

motion  

    Force = mass  acceleration 

  
dt

dv

81.9

200
)40t10(

dt

dv
mFP K   

  
10

8

V

0

dv
81.9

200
dt)40t10(  

     VVtt  387.2080180387.20405
10

8
2  

 Velocity (V) = 4.905 m/s 

 

08.   Ans: 1.198 m/s2  

Sol: 

 

 

 

 

 

 

 

 

 

 W.r.t. FBD of the crate:  

 WX = Wsin 100
 = 981sin 100  

              = 170.34N 

 WY = W cos100 = 981  cos100 = 966.09 N 

 FY = 0  N – WY = 0 

N = WY = 966.09N;  

F = N = 0.3 966.09 =289.828 N 

FX = 0  P+ WX –F = 0  

 P + 289.828 –170.34 =0 

 P = 119.488 N 

 P = ma = 119.488 N 

     2m/s1.198
100

119.488
a   

 

09.  Ans: 57.67 m 

Sol:  

Wx = W sin 45 

      = 98.1 sin 45 = 69.367 N 

Wy  = W cos 45 = 69.367 N 

 

 

W=1009.81=981N 

100 
100 

WY 

F 

P 

WX 

N 

FBD of the crate 

10 
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FY = 0 

N –WY = 0 

N = WY = 69.367 N  

F = KN = 0.5 × 69.367 = 34.683N 

Fx = 0 (Dynamic Equilibrium  

    D Alembert principle) 
 

Wx – F– ma = 0  

69.367 – 34.683 – 10×a = 0 
2/468.3 sma   

S = ut + 2at
2

1
  

t is unknown we can not use this equation 

So use  V2–u2 = 2as   

V = 20m/s2;   u = 0;   a = 3.468m/s2  

asV 22     

m67.57
3.4682

220
a2

2VS 





  

 

10.  Ans: 2.053 rad/s2  

Sol: 

 

 

 

M = I  

 M = 29.43  3 = 88.29N-m 

 
2

2
2

2
2

2
0

mkg432716

33
12

83
md

12

m
AdII









 2s/rad053.2
43

29.88

I

M
  

 

11. Ans: (d) 

Sol:  

 

 

 

 

 Fy = 0 

 VA+ma = W 

 VA = m(g–a)…(1) 

 Where, a = 
2

L
 

 Since, M = I 

 W
2

L
 = 


















22

2

L
m

12

mL
 

 mg
2

L
 = 

L

a2

12

mL4 2

  

          a = g
4

3
…(2) 

 from (1) & (2)  

 VA = 





  g

4

3
gm  = 

4

mg
 

 VA = 
4

W
 

L 

ma 

L/2 

W 
VA 

450 

450 

W=mg = 98.1N 

Wx=Wsin 450
 

Wy = cos 450 

N 

F 

ma 

3 m 

7 m 1 m 

W = 39.81 = 29.43N 
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r 

Reel 

Thread 

mg 

T 

12. Ans: (d) 

Sol: I = 5kg.m2 

 R = 0.25m 

 F = 8 N 

 Mass moment of inertia, Ix = Iy = 
4

mr2

 

 Iz = 
2

mr2

 

 M = I    

 80.25 = 5 

  = 0.4 

 2– 0
2 = 2 

 2–02 = 2(0.4)    (since for half    

                                        revolution  = ) 

  = 1.58 rad/sec 
 
13. Ans: 4.6 seconds 

Sol: M = 60 N – m 

 L = 2m,  0 = 0, 

  = 200 rpm = 
60

2200 
 

  = 20.94 
sec

rad
   

 Moment, M = I 

    60 = 
12

mL2

 

  60 = 


12

240 2

 

         = 4.5rad/sec2 

         = 0+t 

 20.94 = 4.5t 

     t = 4.65 sec 

14. Ans: (a) 

Sol: 

 

 

 

 

 

 

 

a = linear acceleration,  

k = radius of gyration 

For vertical translation motion  

  mg – T = ma ------ (1) 

For rotational motion  

T  r = I   

Tr = mk2   = 
r

a
mk2   

 a
r

mk
T

2

2

  ------(2) 

  maa
r

mk
mg

2

2

    22

2

rk

gr
a


  
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01. Ans: (a) 

Sol: 

 

 

 

 

 

 

 

 

 

The loss of KE of shell converted to do the 

work in lifting the sand box and shell to a 

height of “L – Lcos30o” 

i.e., Wd = 2mV
2

1
  

 Where d = L – Lcos30o 

                = 3.048 – 3.048cos30 = 0.41 m 

 266.580.41= 2V
81.9

58.266

2

1








 

 V = 2.83 m/sec 

Where V is the velocity of block & shell  

 

By momentum equation  

 m1u1 + m2u2 = m1v1 + m2v2 

Where v1 = v2 = V & u1 = ?, u2 = 0 

 83.2
81.9

132.262448.4
u

81.9

448.4
1 


  

           u1 = 169.6 m/sec 

u1 & u2 = Initial velocity of shell and block 

  respectively 

V1 & V2 = Final velocity of block & shell 

 

02. Ans: (b) 

Sol: 

 

 

 

 

 

 

 

 

 

 Strain energy in spring = Area under the 

force displacement curve. 

   = sF
2

1
  = s)ks(

2

1
  = 2ks

2

1
 

 KEofGainks
2

1 2   

22 mv
2

1
ks

2

1
  

  v2 = 
m

ks2

 = g
w

ks2

 

       s.
w

kg
v        










g

w
m  

 

W2 =  
262.132N 

L= 3.048m 

W1 = 4.448N, 
 u1 = ? 

L–Lcos30o 

Lcos30o 30o L 

S 

W 

FS 

F = ks 

S 

F 

Work‐Energy	Principle	and	
Impulse	Momentum	Equation 7 

Chapter 
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03. Ans: (a) 

Sol: Given, m = 2 kg 

 Position at any time is given as  

      x = t + 5t2 + 2t3   

 At t = 0, x = 0,   

 At t = 3sec,  

      x = 3 + 5(32) + 2(33) = 102m 

 Velocity, V = 2t6t101
dt

dx
  

 Initial velocity i.e.,     t = 0,   is vi = 1m/s 

 Final velocity i.e., at   t = 3sec,   

 is vf = 1 + 10(3) + 6(3)2 = 85m/s 

 Work done  = change in KE 

                    = 2
i

2
f mv

2

1
mv

2

1
  

                    =  22 1852
2

1
  = 7224 J 

 

04. Ans: (a) 

Sol: Given force F = e-2x 

 Work done = 
2

1

x

x

Fdx  

                    = 
5.1

2.0

x25.1

2.0

x2

2

e
dxe 













  = 0.31J 

 

05. Ans: (b) 

Sol:  F = 4x–3x2 

 Potential Energy at x = 1.7 = work required 

to move object from 0 to 1.7m 

  PE = 
7.1

0

Fdx   

          =   
7.1

0

2 dxx3x4  

         = 

7.1

0

32

3

x
3

2

x
4 

























 

         =   7.1

0
32 xx2   

         = 2(1.7)2 – (1.7)3 = 0.867 J 

 

06. Ans: (c) 

Sol:  

 

 

 

 

 

 

 

 Where w = weight per unit meter 

 dw = a small work done in moving small 

elemental “dx” of chain through a d/s  “x” 

 Work done = change in KE 

    2
b

0

v
g

wL

2

1
bbLwxdw 

















   

  
b

0

2

g

wLv

2

1
b)bL(wx.wdx  

  
g

wLv

2

1
bbLw

2

wb 22

  

 
g

wLv

2

1
wbwLb

2

wb 2
2

2

  

 
g

wLv

2

1

2

wb
wLb

22

  

dW = wdx
x 

b 

L–b 
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g

Lv

2

1

2

b
Lb

2







   

 v2 = 2gb 





 

L2

b
1  

   v = 





 

L

b
2gb  

 

07. Ans: (d) 

Sol:  

 

 

 

 

 m1 = 1kg , m2 = 2kg ,(since g = 10m/sec2) 

 Velocities before impact  

 v1 = 40 m/sec, v2 = –10m/s 

 Velocities after impact 

 u1 = ? u2 = ? 

 Coefficient of restitution e = 0.6 

 From momentum equation 

   m1v1+m2 v2 = m1u1+m2u2 

   1(40) + 2(-10) = 1(u1) + 2(u2)   

    u1 + 2u2 = 20…………………..(1) 

       
approachofvelocityrelative

Seperationofvelocityrelative

vv

uu
e

21

12 



  

 0.6 = 
)10(40

uu 12




 

  u2 – u1 = 30………………………(2) 

 From 1 & 2 

  u1 = –13.33 m/sec 

  u2 = 16.66 m/sec 

08. Ans: (b)  

Sol: Given,    m1 = 3 kg,    m2 = 6 kg  

 Velocities before impact 

    u1 = 4 m/s,   u2 = –1 m/s 

 Velocities after impact 

     v1 = 0m/s ,     v2 =?  

 From momentum equation  

  m1u1 + m2u2 = m1v1 + m2v2  

  3(4) + 6(–1) = 3(0) + 6(v2) 

    6 = 6 v2 

    v2 = 1 m/s  

 Coefficient of restitution,  

e = 
21

12

uu

vv




 

   e = 
)1(4

01




 = 
5

1
 

 

09. Ans: (c)  

Sol:  

 

 

 

 

 

 KE = 
2

1
mV2+

2

1
I2  

 Where,  = 
R2

V
 

         I =   22 RR2m
2

1
 = 2mR

2

5
 

 

W1 = 10N W2 = 20N

V2 = 10m/s V1 = 40m/s 

R 

2R 

 
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10 m/s 

1 kg 1 m 

20 kg 

A 

C 

       KE = 
2

22

R2

V
mR

2

5

2

1
mV

2

1













  

   = 
2

2
22

R4

V
mR

4

5
mV

2

1
  

   = 22 mV
16

5
mV

2

1
  

        KE = 
16

mV13 2

 

 

10.  Ans: (a)  

Sol:   

 

 

 

 

Method I :  

By conservation of linear momentum,we get  

  110 = (20 +1)  Vcm  

(where, Vcm = velocity of centre of mass)  

  Vcm = s/m
21

10
 

Applying angular momentum conservation 

about an axis passing through the contact 

point (A) and perpendicular to the plane of 

paper, we get   

  1101 1
21

10
21Icm     

[Angular momentum about any axis passing 

through A can be written as, 

 cmcmA VrmLL


 ] 

   = 0 rad/sec  

 

Method II :  

Applying angular momentum conservation 

about an axis passing through centre of 

wheel and perpendicular to the plane of 

paper.  

   0 = Icm   

   = 0 rad/sec  

 

11. Ans: (a)  

Sol: 

 

 

 

 

 

 m1  = m  mass of bullet 

 m2 = M  mass of block 

 u1 = V  bullet initial velocity 

 u2 = 0  block initial velocity 

 v1 = v2 = v velocity of bullet and block 

    after impact. 

            Fd = N 

 (M+m)a = (M+m)g 

        a = g 

 From momentum equation 

 m1u1 + m2u2 = m1v1 + m2v2 

 mV + m(0) = (m + M)V 

  v = 
Mm

mV


 

 Now from v2–u2 = 2as 

(m+M) g 

(m+M) a 

N Fd
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   0 – gs2
Mm

mV
2










 

 V = gs2
m

Mm



 

 

12. Ans: (a)  

Sol: 

 

 

 

 

 uA = 0 ,    uB = 0 

 From momentum equation 

 mAuA+mBuB  = mAvA+mBvB 

 0 = 222.4VA+133.44VB   ………..(1) 

 2
BB

2
AA

2 vm
2

1
vm

2

1
ks

2

1
  

 10.61030.152 = 2
Av

81.9

4.222
+ 2

Bv
81.9

44.133
 

             ………….(2) 

 From 1 & 2  

     vA = –1.98 m/s ,  

   vB = 3.3 m/s  

 

 

 

 

 
 

01.  

Sol: 

 

 

 

 

 Let RA & RB be the reactions at support A 

& B respectively. 
 

 Let y displacement be given to the beam at 

B without giving displacement at ‘A’ 

 

 

 

 

 

 The corresponding displacement at C & D  

 are yy 7

4
and

7

2
  

 By virtual work principle, 

 RA0–25 0R
7

4
25

7

2
yByy   

  0R
7

150
yB 






 


 

 Since y 0, RB–
7

150
=0 

 RB = kN
7

150
 

A= 222.4 N B =133.44 N 

k = 10.6 kN/m 

0.3 m 

A B 

2/7y 
4/7y 

y 

C D 
B A 

2 m 2 m 3 m 

25 kN 25 kN 

Virtual	Work 8 
Chapter 
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 Now let us give virtual displacement at A as 

y
,  

 Therefore corresponding displacement at C 

& D are '
y

'
y 7

3
&

7

5
  

 

 

 

 

 

  By virtual work principle, 

 RA  y – 25
7

5
 y – 25

7

3
 y + RB0 = 0 

 0
7

75

7

125
R '

yA 





   

  y   0 ,    

 RA – 0
7

200
  

 RA = 
7

200
kN 

 

02. Ans: 750 N    

Ans: For equilibrium total virtual work = 0  

 Let us displace point A by ‘dx’ the 

displacement of point B is ‘3dx’ 

 Work by force P = – Pdx  

 Work by force 250 N = 250   3 dx  

 250  3dx – Pdx = 0  

             P = 750 N  

 
 

 
 

 

 

01. Ans: (b) 

Sol:  At joint 

 

 

 

 

 

 
 
 Fy = 0 

 FCD sin60 = 1000 

 FCD = 
60sin

1000
 

 FCD = 1154 N 

 

02. Ans: (d) 

Sol:   

 

 

 

 

 

 

 

 

 

 Fx = 0 

  HE –P – 2P = 0 

  HE = 3P 

A B 

5/7y 

3/7y 

2m 2m C D RB RA 
3m 

1000 

FBD 
60o 

FCD 

FAD 

P 

2P 

HE 
E 

RE RF 

F 

D 

B 

a 

a 

a 

C 

A 

Analysis	of	Trusses 9 
Chapter 
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  Fy = 0 

 RE +RF = 0 

 MF = 0 

 P × 2a + 2P × a + RE × a = 0 

 RE = –4 P (downward) 

 RF = 4P (upward) 

 

 

 

 

 

 Fx = 0 

 P – FCD = 0 

 P = FCD 

 (Positive indicate CD in tension) 

 

03. Ans: (d)  

Sol: 

 

 

 

 

 

 

Taking moments about point ‘P’ 

RQ ×3h – 30 ×2h –60×h= 0 

RQ ×3h = 120 h 

RQ = 40 kN 

∴ RP +RQ = 60 + 30 

RP = 90 – 40 

RP = 50 kN 

At joint ‘P’ 

Fy = 0 

Rp = FPRsin45o 

FPR = 
45sin

R p  

     = 
2/1

50
 

FPR = 250  (compression) 

 

Fx = 0 

FPT = FPR cos45 

FPT = 
2

1
250   

FPT = 50 kN (Tension) 

 

 

 

 

 

 

 

Mu = 0 

FRS × h (↺) + 60 × h (↺) – RP × 2h(↻) = 0 

FRS × h + 60 h –100 h = 0 

FRS h = 40 h 

FRS = 40 kN (Compression) 

Fy = 0 

FSU + RP – 60 = 0 

FSU + 50 –60 –30 = 0 

FSU = 40 kN (Tension) 

 

FDF 

FCD 

FAC 

P 

RQ 

30 kN60 kN 

RP 

P 

R S 

Sectioned

h T h U h Q 

h 

h T h U 

FSU 

FRS R 

60 30 kN RP 

RP 

FPT 

45 

FPR 
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TEC 

TAC TCD 

C 

PRsin30 

PR cos30 

PR 

QR 
R 

PQsin45 PRsin30 

PR PQ 450 300 

PQcos45 PRcos30 

F 

P 

63.440 

26.560 

FBC 10kN 

FAB 

TAE 

TAC 

RA 

450 
A 

04. Ans: (b)  

Sol: 

 

 

 

 

 

 

 Force in member PQ considering joint P 

PQ cos45 = PR cos30 

 PQ = 1.224 PR 

 PQ sin45 + PR sin30 = F 

 FPR5.0707.0PR224.1     

PR = 0.732 F 

 Now, considering joint R 

 

 

 

 

 

 QR = PR cos30 = 30cosF732.0   

              = 0.63F (Tensile) 

 

05. Ans: (a)  

Sol:   LPRR0F BAy  

  
2

L3
PLL3R0M AB  

 
2

PL
R,

2

PL
R BA   

 FBD at Point A: 

   0Fy  

2

PL
R45sinT AAE   

2

PL
TA   

 

 

 
2

45cos0
PL

TTF AEACx  

 

FBD at Point C: 

    0Fy  

   TEC = 0 

  
2

PL
TT CDAC   

 

06.  Ans : 20 kN  

Sol: 

 

 

 

 

 

 

 

 

01 56.26
1

5.0
tan

0.1

5.0
tan 






   

From the Lami’s triangle  

0
AB

0
BC

0 44.63sin

F

90sin

F

56.26sin

10
  

 kN2044.63sin
56.26sin

10
FAB   

0.5m 

C 

B 
B 

A 

10kN 

1m 
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 kN36.2290sin
56.26sin

10
FBC   

 

07. Ans: (a)  

Sol:  

 

 

 

 

 

 

 

 

 

 

 Fy = 0 

V1 +V2 – 9+3 =0 

MR = 0  

 V1 1.5 +3 3 –9  6 = 0  

 V1 = 30 kN ()  

      V2 = –30 + 9 – 3 = – 24 kN () 

Adopting method of sections–section x-x 

adopted and RHS taken  

    01 13.53
5.1

0.2
tan 






   

Fy = 0 (W.r.t. RHS of the section x-x) 

   V1 + F2 –V2–Fy = 0  

  Fsin 53.13 = 30+3–24 

      F = 11.25 kN (Tension)   

Force in member  

   QS = 11.25 kN (Tension) 

 

08. Ans: (c) 

Sol: 

 

 

 

 

 

 

 

 

 

 

 

 

 

MB = 0 

     W ×h (↻) –W×h (↺) –W(2h)(↺) +RA×3h(↻) = 0 

Wh –Wh –2Wh +3hRA = 0 

3hRA = 2Wh 

RA = 
3

W2
 

∴ RA +RB = 2W 

RB = 
3

W2
W2   = 

3

W4
 

Fy = 0 ( at the joint C) 

FCF sin45 – W + RA = 0 

FCF sin45 – W +
3

W2
= 0 

FCF × 
2

1
 = 

3

W
 

 FCF = 
3

2W
 

W W 

RA = 
3

W2
 

A 

E F W 

h 
C 

h h B 

h 
P 

RB = 
3

W4
 

FEF 

FCF 

FCD 

W RA = 2W/3 

W 

3m 

3m 
F1 =9KN F2 =3KN

3m 

R 

V2 
2m 

1.5m 1.5m 

S 

P 
Q 

 

T 

Fx 

F 
Fy 

x 

x V1 
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Power	Screw,	Belt	drive,	
Lagrange’s	equation 10 

Chapter 

09. Ans: (c) 

Sol: 

 

 

 

 

 

 MA = 0 

 5×3 (↻) +5 ×6 (↻) – RHB × 3 = 0 

 15 + 30 = RH × 3 

 RHB = 
3

45
 

 RHB = 15 kN 

 

 FX = 0 

 ∴ RHA + RHB  = 0  

RHA = –RHB 

RHA = –15 kN  

 (Negative indicate RHA is left side) 

At joint ‘B’ 

 

 

 

Fx = 0 

FBD = 15 kN 

Fy = 0 

FAB = 0 

 

 

 

 

 

 

 

Power	Screw	
 

01. Ans: (b) 

Sol: The best threads for a power screw are ball 

bearing threads.  

 

02. Ans: (b) 

Sol: ACME threads : 

 Acme threads can be used to take a load 

in both directions.  

 They are strong, smooth have less wear, 

and easy to manufacture compared to 

square thread. 

Square thread : 

 In this thread, the flanks are perpendicular 

to the axis of the thread.  

 This is used for transmitting motion or 

power, E.g. Fly presses, Screw jack, vice 

handles, cross-slide and compound slide, 

etc.  

 The efficiency of a square thread is more 

than that of trapezoidal threads.  

 It can transmit load and power in both 

directions but It is difficult to 

manufacture.  

 There is no radial or side thrust on the nut. 

 The wear on the thread is also a serious 

problem. 

FAB 

FBD 

RHB B 

5 kN
RHB 

A C 

B 3 m D 3 m 
E 

RHA 

RVA  

RVB = 0 

5 kN

3 m 
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03. Ans: (b) 

Sol: Screw is subjected to torque, axial 

compressive load and bending moment also, 

sometimes. 

Screws are generally made of C30 or C40 

steel. As the failure of power screws may 

lead to serious accident, higher factor of 

safety of 3 to 5 is taken. Threads may fail 

due to shear, which can be avoided by using 

nut of sufficient height. Wear is another 

possible mode of thread failure as the 

threads of nut and bolt rub against each 

other. Nuts are made of softer material than 

screws so that if at all the failure takes 

place, nut fails and not the screw, which is 

the costlier member and is also difficult to 

replace. Plastic, bronze or copper alloys are 

used for manufacturing nuts. Plastic is used 

for low load applications and has good 

friction and wear properties. Bronze and 

copper alloys are used for high load 

applications. 

Therefore it is essential to design a power 

screw for maximum shear stress. 

 

04. Ans: (b) 

Sol: Under direct compressive stress,  

            
c

c

W4
d


  

Under wear consideration,  



b

c P

W2
d  

 

05. Ans: (c) 

Sol: Self locking screw: 

 If  friction angle,    helix angle,   

 Screw is self locking. 

 i.e., torque required to lower the load is 

positive. 

 If   , The screw is over hauling 

 i.e., torque required to lower the load is 

negative 

 For self locking screw, 

  tan     tan  

         
md

L


 

 

06. Ans: (c) 

Sol:  

 A multi-start thread may be used to get larger 

value of linear displacement per revolution 

 A differential screw may be used to get a very 

small value of linear displacement per 

revolution. 

 

07. Ans: (c) 

Sol:  

 A multi-start thread may be used to get 

larger value of linear displacement per 

revolution with no guarantee of self locking. 

 Multi-start threads are used for transmitting 

power and generating movement. Because 

each partial or complete revolution equals 

more linear travel based on the number of 

threads, multi-threaded components can 
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efficiently handle more power. Multi-start 

threads can also be used for some fastening 

purposes. 

 

08. Ans: (b) 

Sol:  

 Multi-start threads are used for transmitting 

power and generating movement. Because 

each partial or complete revolution equals 

more linear travel based on the number of 

threads, multi-threaded components can 

efficiently handle more power. Multi-start 

threads can also be used for some fastening 

purposes. 

 Hence they secure high efficiency. 

 

09. Ans: (d) 

Sol: Square thread,  

   = 
inputwork

outputwork
 

 During one revolution of screw  

 Work input   = P  dm 

 Work output = WL 

  = 
P

tanW

dP

WL

m





  [

md

L
tan


 ] 

  = 
effortActual

)frictionNo(effortideal
 

   
)tan(

tan

)tan(W

tanW








  

 

 

 

Belt	Drives	&	Wedge		
 

01. Ans: (d) 

Sol: 
 

1000

VTT
P 21       - Flat belt 

V= belt (or) rope drive 

  T1 & T2 = Tensions in high and slack side,  

 V = m/sec,  P = kW 

 e
T

T

2

1  

 
02. Ans: (c) 

Sol: Condition for maximum power transmitted 

(i) 
3

T
T max

c     

(ii) 
3

T2
T max

1    

(iii) 
3

T
V max   

 
03. Ans: (b) 

Sol: All the stresses produced in a belt are tensile 

stresses.  

 
04. Ans: (c) 

Sol: Power = (T1 – T2) V  

Due to centrifugal tension,  

Total Tension (safe tension): 

Total tension on tight side, Tt1 = T1 + TC 

Total tension on slack side, Tt2 = T2 + TC 

Tt1 – Tt2 = T1 – T2 

Therefore the centrifugal tension has no 

effect on power transmission. 
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05. Ans: (a) 

Sol: A V-belt marked A-914-50 denotes a 

standard belt of inside length 914 mm and a 

pitch length 950 mm.  

A belt marked A-914-52 denotes an 

oversize belt by an amount of (52 – 50) = 2 

units of grade number. 

 

06. Ans: (a) 

Sol:  

 Wire ropes make contact at the bottom of 

the groove of the pulley. 

 V-Belt makes contact at the sides of the 

groove of the pulley. 

 

07. Ans: (c) 

Sol: Let, D = diameter of the pitch circle  

       T = number of teeth on the sprocket 

     





 

2
sinDp  

We know that,  
T

360o

   

    


















T

180
sinD

T2

360
sinDp

oo

  

or   









T

180
eccospD

o

 

 

08. Ans: (c) 

Sol: 


 sin

2

1 e
T

T
 

 

09. Ans: (c) 

Sol: Maximum tensile stress in belt due to 

tension, 
tb

T1  

 Due to bending maximum tensile stress 

occurs on small pulley side ‘d’ 

  
r

E

y
b 


   



 

2

t
y;

2

d
r  

  
d

tE
b   

Total maximum stress induced in belt,  

max =  + b  

d

Et

bt

T1
max   

 

10. Ans: (a) 

Sol:  

 

 

 

 

 

 

      = 180 – 2  

 
C

DD

2
sin 21   

    







 


C

rR
C2rRL

2

open  

    







 


C

rR
C2rRL

2

closed  

     C4/dDdD
2

C2L 2





   

 

 
 

 

 

 

C 

d 
D 

 

 

 
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11. Ans: (d) 

Sol: Creep is given by, 
btE

TT 21   

 

12. Ans: (493.4) 

Sol: Given data: g = 9.81 m/s2,  = 0.3  

 

 

 

 

 

 

 

 

 

f1 =  N1 ;  N1 = R cos  

P = f1 + R sin  

P =  N1 + R sin  

P = R ( cos + sin)   ------- (i) 

 

 

 

 

 

 

 

 

f2 =  N2 ;  N2 = R sin  

R cos = f2 + 100 g  

100 g = –  N2 + R cos  

100 g = R (cos –  sin)  ------- (ii) 

 

Dividing (1) and (2),  

 
 




sincosR

sincosR

g100

P
  

       
   

     g100
10sin3.010cos

10sin10cos
P 




  

 P = 493.4 N  

 

13. Ans: (a) 

Sol: From free-body diagram of the stone,  

 

 

 

 

 

 

 

 

 

 

MA = 0 ,  

– 4905 (0.5) + (NB cos7) (1) + (0.3 NB) 

sin7 (1) = 0  

NB = 2383.1 N  

Using this result for the wedge, we have  

Fy = 0 ; 

NC – 2383.1 cos7 – 0.3 (2383.1) sin7 = 0  

NC = 2452.5 N  

Fx = 0 ; 

2383.1 sin7 – 0.3(2383.1) cos7 + P – 

0.3(2452.5) = 0  

P = 1154.9 N = 1.15 kN   

N1 
f1 

P 

R 

 

100 g 

f2 

R 

 

N2 

NA 

FA 

A B 
FB 

NB 4905 N 

0.5 m 0.5 m 

 

FC 
NC 

 

P 

FB 

NB 
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LAGRANGE’S EQUATION 

 

01. Ans: (c) 

Sol:  
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 P.E of gcosbm
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  PE = PE of spring + PE of rod 
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  Lagrange, L = KE – PE 
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