CHAPTER =3 MOTION
BOOK NUMERICAL

1 A car weighing 9800 N is moving with a speed of 40 Km/h. On the Application of
breaks, it comes to rest after traveling a distance of 50 meters. Calculate die
average retarding force?

Data: 4
SOLUTION: H
2 >

W =9800 N 2as = vf — v
w vZ —v2

m=— a=
g 2s
9800

m == _ (0)? — (11.11)2
m = 1000 kg 2(50)

40 x 1000

v; = 40km/h = 60 < 60
v; =11.11m/sec

vi=0

F=7?

S =50 meters

2 A helicopter weighs 39

Data:

= F.+ W

ma+ W

(400 x 2) + 3920

= 800+ 3920 = 4720N

W = 3920

" "] "] T
I

(i1) Since the helicopter is moving with
constant speed, therefore its
acceleration is equal to zero

F. = F-W
(i)a=2m/s?up (i) v =4m/s up F=F+W
(YFe="? (i) Fe="7 F =04+ 3920 = 3920N
SOLUTION: - a

(i) Netforce = F- W
F. = F-W
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A 100 gm bullet is fired from a 10 kg gun with a speed of 1000 m/sec what is the

speed of recoil of the gun.
Data:

SOLUTION:
Applying the Law of conservation of

m; = 100g = 1000 = 0.1kg momentum
m, = 10 kg m;U; + myU; = myV; + m,V;
Initially the bullet is at rest U, 0.1(0) + 10(0) AI\
=0
= 0.1(1 1
Initially the gun is atrest U, 0.1(1000) + 10V, H»
=0 0 =100+ 10V,
V; = 1000 m/s —100 = 10V,
V, =7 100
“10 2
V, = —-10ms"~
4 A machine gun fires 10 bullets per sec at rget. Each bullet weighs 20 gm

and has a speed of 1500 m/sec. Find th

position.
Data:
number of bulletsn = 10
t =1 second
mass of each bullet m; = g

_20 _
M™M= J000 =
(mass of 10 bullets)

0.
of the bullets V;

city of the bullets
00 m/s

ecessary to hold the gun in

S@TION:
Acceleration of the bullets

LY
t

15000

=7

a= 1500 m/s?

F= ma= 0.2 x1500

F=300N
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A 50 gm bullet is fired into a 10 kg block that is suspended by a long cord so that
it can swing as a pendulum. If the block is displaced so that its centre of gravity
rises by 10cm. What was the speed of the bullet?
Data: After the collision block-bullet system
m,= 50g = — 0.05kg moves Ilke_a pendulum so thelr K.Eis
1000 converted into P.E as they rise,
m, =10 kg ~. loss of K.E = P.E gained Al
Initial velocity ofthe bullet U; =? 4 )
initial velocity of the gun U, 2 (m; + my)V* = (m; + my)gh

=0 1
: . 5 V2= gh
final velocity ofthe bullet V; =V | 2

final velocity of thegun V,=V V=+2gh =

centre of gravity rise h V=+v196 =
—10cm = 0.1m Putting the value g /sineq (i)
SOLUTION: 0.05U; = 10.

Applying the Law of conservation of
momentum
m1U1 + szz == m1V1 + m2V2

0.05U; + 10(0) = 0.05V+ 10V
0.05U; = 10.05V ..........(0)

_10.05

(0.07 — 014)
170,07 +0.14)

(0.07 — 0.14)
+ X
(0.07 +0.14)
(—-0.07)
1=700.21)
(m; —m,) u 2m, u
(m; + my) 2 (m; + my) !

X9+0 = -3 m/s

=9m/s
Initially veocity of second ball U, Vy =

V1 =7? Vz =7
SOLUTION:

Velocity V: of golf ball after collision
is given by:




(m; — m,) 2m, _(0.14-0.09)

TS rmy) M T rmy) ™ 2T 0071010
p o 007-018) L 2x007
0.07 +0.14) 0.07 + 0.14)
2x0.14 0.14 x9

X 0 Vy=0+——
T 0071010 2 (0.21) A
V,=6m/s »

gether after the

7 A truck weighing 2500 kg and moving with a velocit 1
stationary car weighing 1000 kg. The truck and ca

impact. Calculate their common velocity?

Data: SOLUTIQ® \

Data: of conservation of
my; = 2500 kg

m, = 1000 kg 2 = mVy + m,;V;
Initially veocity of truck U, A 021) + 1000(0)

=21m/s
Initially veocity of car U, =
The truck and car move to
after the impact

= 2500(V) + 1000V,
» 52500+ 0 = 2500V + 1000V
52500 = 3500V

u=v 52500
2 3500
V=15m/s

&
N\




u ADDITIONAL NUMERICAL ]

1 A car weighing 21560N is moving upon an inclined plane which rises 1.0m in each
10.0 m with an acceleration of 1.0m/s? If the frictional force is negligible, how much

force is exerted by the engine?

Data: SOLUTIONS

W = 21560 N

h=1m

s=10m given by

g = 9.8 m/s? F - mgsin0 =
TO DETERMINE From figure

Tension T =?

Time takent="?

TWISBE] UBIui]

2156 = 2200
F = 4356N




2 A minibus starts moving from a position of the rest at a bus stop with uniform
acceleration. During the 10" minute of its motion, it covers a distance of 95 meters.
Calculate its acceleration and the total distance it covers in 10 minutes.

R

R

RTED

t=0l t=9 min

95 m

t=10 min

Data:

Vi=0

S =95 m( during the 10" second)

TO DETERMINE

Acceleration a =?

Total distance = ?
SOLUTIONS

The car covered a distance in the first
9 min

1
So=0xt+=-xa(9xe

2

According to the gi

S10
on for S, and

1) and (ii) in the

a— 145800a = 95
34200a = 95
a=2.78x103ms?

Total distance covered by a minibus in
10 minutes, using equation (ii)
S10 = 180000a
Put a = 2.78 x 10~3ms~2in above
equation
S10 = 180000 x 2.78 x 103
S10 = 500m




3 A 100gm bullet is fired into a 12 kg block which is suspended by a long cord, such
that it can swing like a pendulum. If the bullet is embedded in the block and the block

rises by 5cm, what was the speed of the bullet?
119.78 m/s

Data: After the collision block-bullet system
Mass of the bullet moves like a pendulum so their K.E is
m =100 gm = 0.1 kg converted into P.E as they rise,

mass of the block M = 12 kg <. loss :f K.E = P.E gained

Height to which the block rises E( + M)V2 =(m+M)gh
h=5cm=0.05m

Initial speed of the bullet u; = ?

Solution:
Applying law of conservation of

momentum we get: Substituting this in equation (i)
Total initial momentum = total final ||| we get:

momentum.

mUi+MU=mViMV; U;=12.1 x 0.98

Initial momentum of the block is zero

because it was initially at rest (u> = 0).

After collision the bullet is embedded U:=11.978/0.1

into the block and both move wit U; =119.78/0.1

same velocity, let it be V1 ~
Then

1U;1=11.978

"I'.he speed of the bullet before collision
mU.=(m+M)V with the block was 119.78 m/s.




4 A 150 g bullet is fired from 15 Kg gun with a speed of 1500 m/s. What is the speed
of recoil of the gun?

Data: Solution:
Mass of the bulletm  =150¢ According to law of conservation of
=0.150 kg momentum:
Mass of the gun M =15 kg Total initial momentum = Total final
Speed of the bullet vi = 1500 m/s momentum
Speed of recoil of the gun vz =7 Initially the gun and the bullet bot
are at rest, therefore, initial
momentum of both is zero.
O=mvi+Myv;
0=0.150 x 1500 + 15 x v»
_ 0.150x1500 _
15 2
Vo = -15m/s

5
ball at
rest. If the collision is elastic, computer the ve

Data:
Mass of golf ball my = 100g = 0.1 kg

Initial velocity of golf ball ui = 204m/s
Mass of steel ball m, =8 kg

Initial velocity of steel ball

Final velocities of both balls

"

Solution:
Velocity v, of

Velocity vz of steel ball after collision is
given by:

given by: V2= . % +mxo




6 A wooden block having 10kg mass is suspended b a long cord that can swing as a
pendulum. A 50 gm bullet is fired which lodges itself into the block. Due to the impact,
the center of gravity of the block is raised by 10cm. What was the initial speed of the

bullet?

Data:
Mass of bullet = m = 50gm

_ 20 = 0.05k
™ =1000 " ">
Mass of block =M =10 kg

Heightofblock = h = 10cm

=29 01
“100 M

Speed of bullet =u; =7

_—

h=10cm

281.4 m/s]

SOLUTION:

According to law of conservation of
momentum.

Maiuz + maoU2 = M1vi + MaVe

mui+ M x0=mv+ Mv

« Initialvelocity,
block = v
= P.E of bullet

Finalveloci
K.E of bullet

+ blo

1
M)v? = (m+ M)gh

v=,2gh

v =vV2%x9.8x0.1

v =1.4m/s

putting this in Eq. (i),we get

" =(0.05+ 10) (1.4)

0.05

|u1 = 281.4 m/sec.| Ans




