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DETAILED EXPLANATIONS

1. (c)
The reaction on the block (R) = 20 kg f
The horizontal force needed to move the block
=uR =0.22x 20
=44kgf

2. (d)

av
Acceleration (a) = o 32 - 2t

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

3. (b)

4. (c)
For perfectly elastic collision e = 1.0

5. (a)
Considering equilibrium of forces in N-S direction

2P
F=“==\2P
J2
6 (b)
R,cos 45° = R,
R,sin45° = W
= R, = WA2
1 w
R, = W 2x—=W
1 V2
W = 50N
R, = 50N
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7. (d)
8. (b)
When body is at rest, for equilibrium, 490.5 N
N = 4905N i y
Applied force, P = 150N
Maximum static friction force, —» P =150 N
Frax = USN *
= 0.5(490.5) r < T
= 24525N N
Because P< F_ ., we conclude that the block is in static equilibrium and correct value of friction force is,
F = 150N
9. (a)

As the rod reaches it lowest position, the center of mass is lowered by a distance /. Its gravitational
potential energy is decreased by mgl.

Rotation occurs about the horizontal axis through the clamped end.
2 -
Moment of inertia, | = 3 .

Now, by work energy theorem; Y
Total work done = Change in kinetic energy |

(AW, = (KE),~ (KE), ENQNy |

1 Clamp | /
mgl = EI(D2 —O amp i E J
I.I - //
1I(J32 = (mgl) : : ’ /
2 = R
1 m_12 o = (mgl)
2| 73 = \mg
6
= =2
/
6
o = 9

V = Ix 6—9
/
V= 69
10. (d)
Forthemass m, mg-T = ma
For cylinder, Tx R = Ta
TxR = mR?x2
R
T = ma
= mg = 2ma
= a = gms’z
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11. (a)
Free body diagram of ladder is

RB
Using equilibrium equations.
Ry=P
and Rp=W
Taking moment about B.
[ .
R, -1cosB = Wzsme
1
RA = EWtane =P
12. (c)
Shape Area Centroid from
base
Square A, =d? y;=di2
Half circle | A, =nd%8 ¥, =2d/3n

The centroid of hatched position from base.
_ Ay, Ay
y 171 272

A A
d2.9'_ﬁ.27d
__ 2 8 3n__10d
dZ—ﬁ 3(8—7'5)
8
13. (b)
FBD
ZFy=O
W:RScose
~100x10
75
COSB—@
10 10 N
6 5
sin @ = 10
2F, =0 5
Rssin® =R,
R, - %x%:ﬂ.?%N
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14. (a)
300 N
I
Y,
03N, < T
NA
|
» 03N
P < Y500 N g
B
» 0.3 N,
* B
NB
C
Considering first FBD of block A:
ZFy =0
= N, = 300N
= XF. =0
= T=03N,=03x300=90N
Now consider FBD of block B:
ZFy =0
= Ng = N, + 500 = 300 + 500 = 800 N
2F. =0
= P = 03N,+0.3Ng
= P = 0.3(300 + 800)
= 330N
15. (a)
A B -f
60 mm
a
60 mm
D C ———J-—->x
(0,0)
S.No. | Shape | Area (mm?) | ¥ (mm) ax (mm?)
1 ABCD 19200 80 1536000
2 Circle -5026.55 x -5026.55%
3 AEBF -2400 133.33 -320000
Ya=11773.45 Y ax = 1216000 - 5026.55x
_ Y ax
Now, X =3,
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1216000 - 5026.55x

11773.45
= x = 72.38mm
16. (c)
T T
A l 4 4 B T 3 4
9.81 9.81
! !
4 kN 3 kN
For block A,
4 .
9s1? =4 U
For block B,
3
T+——a = S
9g1” = 3 (i)
For equation (i) and (ii), we get
Ta
- 981 ~
. a = -1.401 m/s?(Because of this deceleration, the system will come to rest)
The system comes to rest when final velocity becomes zero
: v = u+ at
= 0 = 1.85-1.401t
t = 1.32sec
17.  (d)
T=2.0mg
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
: F,
Normal acceleration, a, = )
1.134mg
= a, = ———
m
= a, = 1.134x9.81 = 11.125 m/s?
www.madeeasy.in © Copyright: MADE ERSY
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V2
an = ?
2
= 11125 = VT
= V = 3.34m/s
18. (b)
f 5m |
| [ ] |
| x | dv f=—

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
fx(0.5+3x)(xdx

fxdm %

Io’m

>
Il

cm

5
[(0.5+3x)adx
0

?(O.Sx +3x2)ocdx

_ 6254125 508 m

25+375
19.  (b)

Fsin6

T <—] m —> Fcos 6

mg
Considering free body diagram
Fcos® = T+ ulN’
Tcos® = pwmg + u(mg — Fsind) [N" = mg - Fsing]

2umg

= F= Cos0 + using
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2
= For F -

min W
[Max value of acos® + bsin®is va® + b? ]

20. (d)
Let the velocity of box as it reaches point Dis v.
Energy conservation between Aand D

mg x 100 mgx60+%mv2

28.01 m/s

As the box reaches the highest point after take off, it will have velocity,
A vcosH = 28.01 x cos(30)
v, = 24.26m/s

Energy conservation between A and the highest point

v

’
mg x 100 = mgthax+§m><(24.26)2
hax = 70mM
21. (b)
Apply virtual work method, x P
. (6
— 2lsin| =
o= 2y
iCos 9
h= 35973
cx = 2lcos 9%
- = 2|2 mg mg
_isin 9 @
ah = =55 22
dx ah

l
|

X

N

=2l

By principle of virtual work,

@
>
/—
N | @
N

= Pdx + 2mgdh = 0=WD
= Px dy = 2mgxtan o x%
- 2) 4
E tan 9
= mg " 2
4 2P
- 2xtan| =
6 =
22. (a)

There are three forces acting on the bar AB; pull Q at B, tension in string T and reaction at pointAi.e. R,
For isosceles triangle ABC,
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T—o (04
- y= o0 ¢
p = v=[ 5 = {3)

If there is no friction on pulley, tension in string BC will be P.
Taking moment about point A,
(P cosd) x (I'sina) + (P sind)(/ cosa) = Qlsina
Plsin(ot + 8) = QIsinat
Psin(180°-f) = Qsina

Psin[180—90+%} ~ Osino

F’oosg = 2Qsingcosg
2 2 2 v
o .o
cos— || P-2Qsin—= | —
o] -
.o P
or
. [ cosa
s
! | sinot !
.4 P o 900
_ 2sin| — |=2sin™" = 23.6057°
“ = (2@} (2x2200]
T
o - 23.6057{@} _ 0.412 radian
23. (d)
From Newton'’s first law,
ZFy=O

Ny F,=02N,
-330°
N2
60°
N, sin60° - 0.2N, sin30° - Q =0
Q = 0.766 N,
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3F, =0

N, cos60° + 0.2N, cos30° - P =0

24. (b)

P = 0.673 N,

P 0673

Q ~ 0.766 F,=02N;,
P = 0.878Q~0.9Q

o =09

30°

N

Suppose in small time interval At, the ring is displaced from A to A” and the block from C to C’.

Now

I}

=

=
=

25. (a)

AB + BC = AB + BC’
AD+ DB + BC = A'B + BC’
AD = BC' - BC

AD = CC’

AA’cos0 - cc’

At T At

VcosO = V
V' = 10 x cos30° = 8.66 km/hr

Let speed of car moving in opposite direction is V km/hr.

From relative velocity approach, velocity of opposite direction car =V + 80

Distance
Velocity

20
V +80

= Time

8
60
70 kmph = 19.44 m/s

[+ AB~ DB

|:COSB = ﬂ}
AA/
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26.

27.

(c)

2000 g

_ , h T
Using Lamis theorem, ‘gin (90° +60°) = sin(360° - (90° + 60° + 90°)

T T

- sin150° ~ sin120°

T
= T = 0.577
(b)
Resolving the forces in horizontal and vertical components.
In x-direction,
= 2f = 100c0s45°-40cos60°
= 3F, = 70.71-20
= 3F, = 50.71N

40N

In y-direction, é R

XF, = 40sin60° + 100 sin45° g

3 h ™
= ZFy = 105.35N
50.71 N

~.Resultant of given forces, R = ,/(2F, )2 +(2F, )2

= R = \(50.717 +(105.35)°
= R = 116.92N
F
_ tan'| L
tar 105.35
= 6 = 50.71
= 0 = 64.3°from x-axis
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28. (a)
FBD of 80 N block,

— (m/sz)

pn-N
80N
IF, = 0,
= N = 80N
ZFx = ma
= T—uN = ma
80-a
= T7-0.2(80) = g [ W=mg]
T-16 80a (i)
— = T g
- g
FBD of 100 N block,
T
b a(m/sz)
100 N
ZFy = ma
= 100-T = ma
100-T 100-a (ii)
= — = el
g

From equation (i) and (ii),

100—(16+%) _ 1ooa

g g
" 180a
- e
7
= a = %m/s2
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29. (a)

Let the acceleration of system be &, in the left direction due to applied force P.
Consider the motion of rectangular block from the frame of prism which is non-inertial. A pseudo force
equal to ma, has to be applied on rectangular block in the right direction.

To prevent sliding of rectangular block.

mgsin® =
= 8 =
Now, N =
= N =
= N =

Considering motion of prism,

P— Nsind =
= P =
= P =

P =

ma,coso

g (i)
mgcos6 + ma,sind

mgcos45° + ma,sin45°

V2mg ...(ii)

mg

ma,

ma,, + Nsin45°

mg+ \/EmQX% {from (i) and (i)}

2mg
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30. (c)
The free body diagram of all the three cylinder are as shown below:

Consider the free body diagram of cylinder C.
Each cylinder in in equilibrium.

C(DS_1 @ o (e}
0 = 240 | = 44.9°~ 45

Let, R;and R.are the reactive forces.
Applying equilibrium conditions:

2F =

= Resin45° — Rsin45°

Re =

ZFy

=  RL0s45°+ R,c0s45° = 200

TR TR
O3y oo
o)

200
= R

r = Ag= m =141.42 N

Similarly, considering freebody diagram of cylinder A and applying equilibrium conditions,

2fF = -R.cos45°+ T=0
= T = Rgcos45°=141.42 x cos45°
= 99.999N
~ 100N
ZFy = —Rsin45°-150 + R, =0

}
Ry
I

5 Resin45° + 150
141.42 x sin45° + 150 =250 N
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