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DETAILED EXPLANATIONS

1. (c)

;
0 = wot+§oct2
0, = 0
1 2
0 = §x2><10 =100rad
100
Number of revolutions = E =15.92

2. (d)

av
Acceleration (a) = P 32 — 2t

at t = 3 sec.
a=3x3x3-2x3=21m/s?

3. (c)
The velocity of block embedded with bullet
401x0.01
= —=1m/s
4 +0.01

Kinetic energy loss = KE, — KE;
= 001x40P - L x401x
2 2
=802N-m

4. (a)
Considering equilibrium of forces in N-S direction
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5. (c)
M, = 120 sin 26° x 2.8 (ACW) - 29 (CW)
= 118.2927 kNm (ACW)
6. (c)
SH = 25-20=5kN (=)
XV = 50 +35=85kN ({)
Resultant force = /(SH)? +(=V)?
= /5% + 85
= 85.147 kN
7. (d)

For perfectly elastic spheres e =1
Using momentum equation.

mv, + mv, = 2md + md = 3mu
Using Newton’s Law of collision of elastic bodies

—

c
D
Il
-

Solving
8. (c)
® = 12 + 9t— 32

9 9 60
at T

= t = 1.5s
d2
2 - 6<0
at
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Hence, at t = 1.5 sec maximum value of angular velocity will occur
oy = 12+9x15-3x 152
12+ 135-6.75
= 18.75rad/s

9. (c)
Let the shortest distance between ships will occur at time thereafter the ship A passes point O.
The distance of ship Afrom O =20t
The distance of ship Bfrom O =20 (2 - 1)
The distance between ships

2

D = (2017 + {202 - 1)}
For shortest distance
ab
— =0 or @=O
at at
2x20t-202-f)x2 =0
t = 1hrs
Shortest distance = 20v/2 km
10. (c)
1 o 1, o0
5g(2.1) = 5x5xVZ+_kd [~ k=10000N/m]
= 105g = 2.5/° +%><1OOOO><(O.1)2
= 105%x9.81 = 25V2+50
= ve = 21.202
V = 46m/s
11. (d)

Considering both bars together as a free body, we see that they are in equilibrium under the action of three
parallel forces i.e. weights Wand 2/ and the vertical reaction exerted by the string AD.

For equilibrium condition,
M, = 0
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= 2Wx AE- Wx AF = 0

AF = 2AE (1)
Now, from the geometry of the system,

AF = é cos(60° — o) )
and AE = (Lcosa— L cos(60°-a)) (i)

From equations (i), (ii) and (iii), we get
2 (L cos a— L cos (60°—a))

V3

é cos(60° — o)

tan o

5
o = 19.11°

12. (a)
Since no external torque has acted, angular momentum will be conserved.

Applying conservation of angular momentum,

o = I'n’
MR2x o = (MR? +2mR?)w’
5x (022 x 10 = [6x(0.2%2 +2x 0.5 x (0.20%]0’
= o’ = 8.333rads™
13. (d)
[ = —2i—j+k
r= 2i-3j+k

Angular momentum = H=rx1

i
- (22—3]+/2)><(—2i—]’+/2): 2 -3
2 -1

= N x>

= i(-3+2)-j(2+4)+k(-2-6)
= i(-1)-6j -8k = i —6] -8k

H = £ +62+82 =10.01kgm?s ~ 10 kg m?/s
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14. (c)
c
Tsin® + F?y = mg
Tcosb = R,
N tang = 1o
ow, and = 575 T
0 = 24.44° Tsin©
Taking moments about A, 0
IxTsin® =1xm R—> B
g AﬂrR Tcos 0 IJ.:I
1o 2298 goge7n ’ ¥img
-  Sin2d.dse T O | I :

15. (c)
16. (d)
17. (c)
18. (a)

Free body diagram of ladder is

RB
Using equilibrium equations.
R,=P
and Rp,=W

Taking moment about B.

R, -lcosB = W-ésine

RA = %Wtane =P
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19. (b)
FBD
ZF,=0
W = Rgcos 6
~100x 10
S \/ﬁ
75
cos 6 = 0 10
75
oo 5
sin® = 10
2fF, =0 5
Rgsin® =R,
1000 5
- —x—=57.735N
Aa="775 "0
20. (b)
-
A . B T=mgg
B mgg
FN
4
F |A —T
(my +mg)g
Fy=(my+mg)g
F=T=mgg
To prevent horizontal sliding
F = uF,

M(mA + mc)g = mgg
0.2(4.4+mg) = 26
= my = 8.6 kg

21. (a)
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22.

23.

S. No. | Shape | Area (mmz) X (mm) a)_c(mm3)
1 ABCD 19200 80 1536000
2 Circle -5026.55 X -5026.55%
3 AEBF -2400 133.33 —320000
Y a=11773.45 Y ax = 1216000 — 5026.55%
Now, X = éa;

1216000 - 5026.55x
11773.45

72.38 mm

=

=|

=

(a)
x-component of the resultant = 5 cos 37° + 3 cos0° + 2 cos 90° =3.99 + 3 + 0 = 6.99
y-component of the resultant = 5 sin 37° + 3 sin 0° + 2 sin 90°

= 3.01 +2=5.01

=|
Il

Magnitude of resultant vector = /6.992 + 5.012 = 8.6

(b)
Mass of the block is m, therefore, stretch in the spring (x) is given by,
mg = kx
_ m9
= x ==

Total mechanical energy of the system just after the blow is,

E:%mv2+%kx2

1 mg
= T; 2V+2(kj
2

1 -, mPg

T_:—m _

- P = My

If the block descends through a height ‘A’ before coming to an instantaneous rest then the elastic potential

1,(mg, )’ - | |
energy becomes Ek 7+h and the gravitational potential energy will be -mgh.

T, = zk( kg+h) —-mgh

On applying conservation of energy, we get

I=T
2 2
= %mv2+m2/g = zk( g+h) —-mgh
1 1
= EI’)"]V2 = EkhQ
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24. (b)

[
I [ ] |
[ x [ dr l=—
Let the cross-sectional area be a.. The mass of an element (dm) of length dx located at a distance x away
from the left end is (0.5 + 3x)a dx. The x-coordinate of the centre of mass is given by,
5

J-xdm J.x(0.5+3x)ocdx

Xcm = J.dm = O5
[(0.5+3x)odx

0

Z(O.5x + 3x2)ocdx 0.5[53 + 3[533]

5 52
[(0.5x + 3x) audlx o.5><5+3(2J
0

_ 6254125 408 m
25+375
25. (d)
T=20mg
30°
F; F,
mg
Tangential force, F = mg sin 30° = 0.5 mg
Normal force, F, = T- mg cos 30°
= F, = 2mg-0.866 mg
= F, = 1134 mg
. Fn
Normal acceleration, a, = ™
1.134mg
= a, = ————
m
= a, = 1.134x9.81 = 11.125 m/s?
V2
“= R
2
= 11.125 = VT
= V = 3.34m/s
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