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DETAILED EXPLANATIONS

1. (a)
f bv
a= —=——
m m
av
— V_
but, a o
vav B _ﬂ
dx m
(at time infinity means steady state)
0 X
b
fav = ——[ax
m
u 0
b
-y = —XX
m
= x = mul/b

2. (b)
Resolving the forces in horizontal and vertical components.
Horizontal components, 2f,, = 60 cos30° —-80c0s45° = -4.607
Vertical components, 2f,, = 80 sin45° + 60 sin30° = 86.568

Resultant, B = J(2F,) + (2F,)? = 4(-4.607) + (86 568)°
= 86.69N
3. (a)
As the body is in equilibrium, using Lami’s theorem
T _4x9.81
sin90° ~ sin(120°)
T, = 45.310N
T, _ 4x9.81
sin150°  sin120°
= T, = 2265N
4, (b)
Consider joint (E)
FBE
FDE FAE

60 kN

Fge = 60KkN (Tensile)

6. (b)
The kinetic energy of the ring will be given by the potential energy of spring.
Let Vbe the speed of the ring when the spring becomes vertical
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,_ h[k
T 4\m
8. (b)
Using Lami’s Theorem,
L I
sin120°  sin(360° — (90° + 120°)
L _ s!n120 _ 1732
T, sin150°
9. (c)
FBD of the frame
8 kN ——mpe--mmmmmmmmmmmeees --
1.5m
H, A . Cy
2m 2m
Va 12 kN Ve

Taking moments about A,
Vex4 = 8x15+12x2
g, - 12+24_36
4 4
Reaction of support C, V., = 9kN

=9 kN
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10. (d)
Let u, v, w be the components of velocity in x, y and z direction respectively.
dx
= — =2cost
"
Similarly, v = -3sint
w = J5cost
Vo= Ju? +v2 +w?
2
= \/(2cost)2 +(-3sint)? +(\/§cost)
V = Jacos?t+9sin?t +5c0s2t
V= \/9(sin2t+ cos? t) = 3units
11.  (c)
_ av
S
Let resisting force, F = Kv?
if mis mass of the bullet then,
F K2
a= —=——0
m m
av KV
= dat—  m
K
v m
1V t
S L .
-1 my
u
Ealls:
= = _t
uv m
(u-v) -m
= ——X—
= { uv K

t e (U=V) (uv)!

12. (c)
The FBD of the blocks A and B are shown below

Ra

mgg sin 30°

m,g cos 30° myg mgg cos 30°  mgg
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Here F, and F, are the spring forces.

kAz = k (xy—x

1000 x (0.3 -

unstretched)

0.25)=50N

1000 x (0.28-0.25) =30 N

F =
F, =
and F, =
At equilibrium,
Y Forces along the plane for mass A =0
= -F;+ F,+m,gsin30° = 0
o o_ h-f _s0-30 _ o
- A = gsin30° T 981x05 09
and Y Forces along the plane for mass B=0
= -F,+ mggsin30° = 0
. I I
B gsin30°
30
= 981x05 ~ 012k9
13. (a)
KE = tIo?
2
2 2
mr 20x(0.2)
I = = = 0.4 kgm?
> 2 om
2N 2x3.14x 500
o = = =52.33rad/s
KE. =
14. (d)

60
1

Let speed of car moving in opposite direction is Vm/s.

From relative velocity approach
12
V +50

12 x 60
%

15. (c)
Velocities are in opposite directions,
1 will lie between Aand B,

IA
1B
05-1B
1B
B
IA

w =

5

60

5v+ 250
94 km/hr
V, 5
V, 3

5

3
0.1875m
0.3125m
V, 5
IA 03125

60

5% 0.4x52.33% =547.68 J

=16 rad/s

5m/s

3m/s
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Alternatively,
. VA —
Vg =
Vo+ Ro =
Ro-V, =
Vo+0250 =
025w-V, =
On solving (a) and (b),
w =
Vi =
where V. = velocity of centre C.
16. (d)
E =
I =
E =
E
E2 -
17.  (a)
Iy =
18. (d)
To keep centre of mass at C
myx, =
- (Let 10 kg = m,, 20 kg = m,)
and m,(x,-15) =
15m, =
d —
19. (b)

[ =

1 1
x Elcircle= EXTCX

B

Taking moments about A,
R,x5 =

D T

Rb
ABcos 60°=25m
ACcosB0°=25%x05=125

30 x 1.25
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R, = 75kN, R,=30-75=225kN
Considering joint A,

R,=225kN

>F =0, F,—F,cos60°=0
F,sin60°-AR, = 0

R, 225 .
= = = 25.97kN compressive
Fi = Sin60° ~ sin6o° (comp )
F, = F,cos60°=12.99kN (tensile)
AB is in tension.
20. (a)
T = 211\/z
g
4mL
g = T2
36
i = — =1
In given problem T 20 8s
4xm°%x0.8
= ————— =9.74m/s?
g 182 /
21. (a)
0 = o+ taf = ~af
= (DO 2 = 2

1 2
= - 1
25 2oc()

o = 5rad/s?
The angle rotated during 15t two second

= %><5><22 = 10 radian

then
Angle rotated during the 2" second is
10-2.5 = 7.5radian

22. (d)
Let v be the speed of boatman in still water

01309

|
A u X
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Resultant of uand vshould be along AB. Components of V, (absolute velocity of boatman) along x and y

-direction are:
V. = U- vsino, v, = vCcos0

1%
tan30° = —~
Vx
vCcos0
= 0577 = ——
u-vsind
0.577u-0.577 vsin® = vcosoO
L= 0.577u
= ~ 0.577sin6 + cosO
(0.577 x cos30°)u
v sin30°sin® + cos30°cosh
B 0.49964
~ sin(6 + 30°)
vis minimum at @ = 60°,
= V., = 0.49964
Viin = 0.54

23. (a)
Velocity of Ais valong AB and velocity of particle Bis along BC, its component

v
along BA is vcose0° = 5

Thus separation AB decreases at the rate of

v 3v
V + - — I
2 2
Since this rate is constant, time taken in reducing

separation from AB from dto zero is

a 2d
T /2 3y
24. (b)
M, =0
= Pxasin60° = 2a- R,
= R,, = 0433P7T
Rey = 0
= R, = 0433P
A—(1)
Reaction at A
ZFy =0
= R, = 0433P
IF = 0;R,y=P
R, = |(0.433P)° +P?> =1.09P
B— (4)
At joint E, members AE and EB are collinear and member DE is joined at E.
= Foe = 0
D—(3)
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Taking section mm as shown,

C—(2)
25. (c)

Let

E
m
Fae \\
60 60"(\
P < e D
A m FAD
a I
\/
0433P
M, =0

Pxaxsin60° = 0.433Pxasin30°+ F,,x asin60°®
0.866P = 0.2165P+0.866 F,,
F,p, = P-025P=0.75P

T = mg atangle 6 shown in figure
h = I(1-cos9) (1)

Apply conservation of mechanical energy between points A and B,

=

mg — mgcoso

lm(uz—vz) = mgh

2
v = Speed of particle in position on B
V2 = u?-2gh ...(3)
2
T—mgcoso = mTv
mv?

[
v2 = gl(1-cosh) .(4)

Substituting the values of v2, u2 and h from equations (4), (2) and (1) in equation (3).

Substituting cos 6

gl(1-cosB) = gl-2gl(1-cosh)
2

cosf = 5

6 = cos™ (E)
3

2
3 in equation (4),

Iz
3

<
Il
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26. (b)
Given:
M = 2kgand m=1Kkg

A J cos30°
J
(g—v v, J sin30°
m m
Vi ~—f J sin30°
M J

30° 30°

J cos30°

Let J be the impulse between ball and the wedge during collision and v;, v, and v, be the components of
the velocity of the wedge and the ball in horizontal and vertical directions respectively.

Impulse = Change in momentum

Jsin30° = Mv, —mv,

= 5 = 2V, =V, (1)

Jcos30° = m(vy +v,)

V3

=3 ?J = V3+2 (2)

Relative speed of separation o o
Relative speed of approach — Coefficient of restitution

(V4 +v,)sin30° + v; cos 30° 1
v, c0s30° )
= Vi+ v, + By, = 3 .(3)
Solving equations (1), (2) and (3),
1
v, = ﬁ m/s

2
vV, = ﬁ m/s and v, =0
1.
Thus velocity of wedge = ﬁi m/s

2 .
Velocity of ball = —=i m/s
Y NE]

27. (a)
Boats A and B are moving with same speed 10 km/h in the directions shown in figure. It corresponds to a
2-dimensional, 2 body problem with zero acceleration.

—_— —_— —

Vga = Vg =Vp

VBa

‘ ‘

(10 +(10f° = 1042 km/h
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%
Vg

AB =20 km

In can be assumed that A is at rest and B is moving with E in the direction shown

Va =10 km/h

V5, =10v2km/h

45°
—v, =10 km/h
A
C
45°
5| %
- . . 20
Minimum distance = AC = ABsin45° = Ekm = 1042 km
timeist = B:C=M =1hr
Ve 10V2
28. (a)
Here, o = 45°
av av  dx
We have: a= E:>8=a E
av
= —xV
a dx
Also, - mgsma—n;qugcosoc
a = g[sina—ucos o]
av
glsino—ucosa] = axv
. glsina-dx-5xcosadx] = V-dV
On integrating,
0
sina-x—-5cosax—| = | o
g o-x o 5 2 .
2
g sinoc~x—5cosoc><? =0
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= sino - x

X
29. (b)
We have, Torque
3Fsin 30° x 0.5
3x0.5x l x 0.5
2
o
0
o
o
30. (a)
a
= LY
t
= o _[ at
t=0
= ot
= t

2
X

5cosa x —
2

2tan45°

2tana —04m

=
5 5

= Jo
= Jo

2
1.5><O'T5><oc

F sin 30°
2 rad/s™

Wy + ot
0+2x1
2rad s

=< F
J 30°
60"~ £ cos 30°

av
at
av
at
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