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SECTION-1
Answer the following questions (Multiple Choice Questions) (1x14=14)

1. The position of a particle at time t is given by x;= % (1 —e™") ,where v is a constant and o.>> 0.The
dimensions of v and o are:
a) [ M'LT"] and [T"] b) [MLT"] and [T]
¢) [M°LT"] and [LT?] d) [M°LT™"] and[T]

2. A variable force F is applied on an object for certain time such that F o t, where ‘t’ is the instantaneous time.
What will be the nature of v versus t? curve for the particle? ( represents instantaneous velocity)

a) Straight line passing through origin b) Straight line with intercepts in X-axis or Y-axis
¢) Parabola d) none of these

3. Which quantity remains unchanged in case of a projectile ?
a)Momentum b) Kinetic Energy
¢) Vertical component of velocity d) Horizontal component of velocity

4, The percentage errors in the measurement of mass and velocity are 2% and 3% respectively. How much will be
the maximum error in the estimation of kinetic energy obtained by measuring mass and velocity:
a) 11% b) 8% c)5% d) 1%

5. If two finite vectors (with non zero magnitude) are such that |F + G| = |P — Q| , then the correct relation
between them will be -
a) they are parallel to each other b) they are anti parallel to each other
¢) they are perpendicular to each other d) P=20

6. A projectile can have the same range R for two angles of projection which are complementary to each other .If T,
and T, be the time of flights in the two cases, then the product of the two time of flights is directly proportional to
a)R b) 1/R ¢ )I/R? d) R?

7. Speeds of two identical cars are u and 4u at a specific instant . The ratio of the respective distance in which the
two cars are stopped from that instant is :

a) 1:1 b) 1:4 c) 1:8 d) 1:16

8. A man can swim with speed 4km/h in still water. At what angle he should project himself w.r.t the bank of the
river to reach exactly opposite point of the river? (velocity of river is 2km/h)
a) 30° b) 45° ¢) 60° d) 90°

9. A bullet of mass ‘a’ moves freely in air with uniform velocity ‘b’ and then hits an wooden target of mass ‘¢’ kept
on a frictionless support. Tt penetrates the block a little and then both of them move together. The final velocity of

ah? a+tb ab a+c
are hyrge | R ) b
10. A lift of mass 500kg is coming down with an acceleration 7.8m/s>. What will be the reading of the weighing
machine (measures weight) on which a person of mass 60kg is standing inside that lift? (g =9.8 m/s’)
a) 60 kg b) 880N ¢) 280N d) 120N
11. A cricket ball of mass 500g hits a cricket bat perpendicularly with velocity 20m/s and then gets reflected back
with velocity 30m/s. The impulse exerted by ball on bat will be

a) 50N.s b) 25 N.s ¢) 1 N.s d) 0.5 N.s

the system is: a)



12. Two particles having masses ‘x” and ‘y’ are moving in a circular path having radii ‘a’ and *b’. If their time
periods of rotation are same, then the ratio of their angular velocities will be:

2) > b) = 0 1 d) ab

13. Two blocks A and B of masses m, and m, are kept in contact on a smooth horizontal surface. F amount of
horizontal force is applied on A such a way that both move together. The force exerted on B by A will be -
mq mZ F
a) iy F b) mytmg F C) (m1 + mz)m d) F

14. A particle is projected making an angle of 45° with horizontal having kinetic energy K.The kinetic energy at the
highest point will be —

K K K
a) K b) B c) 1 d) >
SECTION -11
GROUP —-A
Answer the following questions in short.(Alternatives are to be noted): (1x4=4)

(1) Given Force = o./ (density +B%). What are the dimensions of o and f ?

Anss ) = [density] so, [B] = [ML~]5 = M3L~*
[a] = [force x density] = [MLT 2. ML 3] = M2L~2T~2
OR
If velocity V , acceleration A and force F are three fundamental quantities of a system, then what will be the
dimensions of linear momentum in this system?
Ans: Denote linear momentum by p.
Let, [p]=V*AYF?
Then, MLT™! = (LT~Y)* (LT~2)? (MLT~%)?
So,z=1,x=landy=-1
Hence,[p]=VA~'F
(2) What is the angle made by vector A =21 +2] with x axis ?
Ans; Taking dot product with 1, v4+ 4.1.Cosf = 2. This gives 6 = 45°.
(3) A retarding force is applied to stop a motor car. If the speed of the motor car is doubled, how much more
distance will it cover before stopping under the same retarding force?
Ans: As the mass of the car and the retarding force are unchanged so the retardation in both the cases will be
same. If u and 2u be the initial velocities in two cases, then 0 = u? — 2as; and 0 = 4u? — 2as,.
3u
2a

(4) A force of 5N changes the velocity of a body from 10m/s to 20m/s in 5sec.How much force is required to
bring about the same change in 2sec?

Ans: If m be the mass of the body then, m@ = 5, which gives m = 2.5Kg

So the extra path travelled in 2" case will be = s, — 51 =

So force required for 2™ case = mass x acceleration = 2.5 X 2010~ 125N
GROUP -B
Answer the following questions. (Alternatives are to be noted) : (2x5=10)
(5) Find the component of vector A = § — 2f + k in the direction of vector B= Zj‘ +1+ 2k
Ans: Required component = ﬁ.% = (t—2f + k). in :jﬁ == (1 442)=—=. Negatlve sign indicates,

the angle between them is obtuse.

(6) To a diver going east in a car with velocity of 40km/hr , a bus appears to move towards north with a velocity
of 40N3 km/hr.What is the actual velocity and direction of motion of the bus?

Ans: Let V. = velocity of the car

Vi, = velocity of the bus
V. = realative velocity of bus w.r.t car o
And these velocity vectors are directed as shown in the R
_ V’_ _ G - . -fm (f:
figure. Then, tanf = or 8 =60 2 iy ”wm c
AndV, = /402+(40x/§) = 80 km/h % = R v,




Hence the actual velocity of the car is 80km/h along 60° north of east.
(7) What do you mean by limiting force of friction and angle of repose? 1+1
Ans: Refer to any standard text book.
OR
A bullet of mass 100g is fired at a certain height along the horizontal direction with an initial speed of
50+/3 m/sec. It hits a target at a finite distance making an angle of 30° with the horizontal. Calculate the
kinetic energy of the bullet at that point. (g = 10 m/s)

Ans: let the velocity there be “v’. As the horizontal component remains same, so ¥. C0s30° = 50v/3
100

So, v = 100m/s. Hence the kinetic energy at that point = =, — 100 100 J = 500/
(8) As shown below, three blocks connected together lie on a honzontal frictionless table and pulled to the right
with a force 50N.If m; =5kg ,m, =10kg and m; =15kg,find the tensions T; and T,. 1+1

: PR ] i Do
Ans: The common acceleration =a = T 3m/s
25
Ty =mua =?N. Also, To =Ty =mya. 50T, = -2-35+%= 25N
OR

A man rows directly across a flowing river in time t; and rows an equal distance down the stream in t, .If u
be the speed of man in still water and v that of stream then show that t7 : t5 = u+v: u—v
Ans: let the man project hjmself making @ angle with the bank of the river while directly crossing the river.

Thenu Cosf = vand t; = — where d = width of the river. And t; = uiu i
d d d d d -
Now, t; wSing  uvi— Coslﬂ Jl 2 v'w’—v J(u-l—v)(u—-v) d ‘V\u‘{\ e
! AV, )
Hencet? : t7 = u+v: u—v w9

(9) Prove that when the external applied force is zero, the angular momentum of a system remains conserved.
Ans: Refer to any standard text book.

GROUP-C

Answer the following questions. (Alternatives are to be noted): (3x9=27)
(10) The frequency of vibration of a stretched string ‘n” depends upon the mass per unit length ‘m’, the length ‘I’
and the tension of the string “T’. Establish the relation among them by dimensional analysis.
Ans: let n = km* Y T# where k is a dimensionless constant.
So, 771 = (ML Y)*LY (MLT~%)*
T

: 5 = X wl 1L
Solvmg,x———z,y— 1and.z—2.Hencen-—lJ;

(11) Tf two unit vectors § and i are inclined at an angle ¢ then prove that |g — 0] = 2sing /2.
Ans: If, § and i are inclined at an angle ¢, then angle between § and (—0) will be (180° — @).
So, |g— 1] = |g+ (—0)| = /182 + [—0|? + 2.]g].|-0l. Cos(180° — @) = /1 + 1 + 2.1.1C0s(180° — ©)
=2 =2 Cos®=+/2(1 — Cos®) = 2sin (%)

(12) For a particular initial velocity, determine the angle of projection for which the range will be maximum.
Ans: Refer to any standard text book.

(13) In an observation, the measurements of two resistances obtained are r; = 2 £ 0.02 Q and r; = 4 £ 0.04 (.
Calculate the equivalent resistance (with error estimation) of the parallel combination of these two.

Vr

Differentiating, — = = w‘ +— WZ . So, Vr =172 (‘:’1 + V%) = (ﬁ)z (0—02 o+ ﬂ‘E) =0.013 0

i T 6
Hence, equivalent les,istance r+Vr=(1.3340.013)Q
Or



The measurements of mass, linear velocity and radius of the circular orbit of a point mass are measured as

50+ 0.01¢g, 10 4 0.02 cm/s and 30 % 0.03 cm respectively. Calculate the centrifugal force acting on the
particle with error estimation.

a9l
Ans:f=%
U _Wm , W U 00l 004 003
So, L =022 4 L= S0 4+ 25 4+ 230 = 0.0052
Then, Vf = f x 0.0052 = *212X0252 = 0, g7

Hence the centrifugal force f = 166.67 + 0.87 dyne.
(14) What do you mean by impulse of a force? A certain amount of force acts on a moving object for certain time
and stops that object. If the mass and initial velocity of the object is 100g and 5m/sec respectively, then

calculate the impulse of force on the object. 1+2
Ans: Impulse = force x time duration = change in momentum = final momentum — initial momentum
s 208 .

s iR 5 N.m/s=—-05N.m/s

(15) What should be the minimum angle of an inclined plane for which a block of mass 500g will start sliding

down? If it just starts sliding down at that angle, then what will be the acceleration with which it slides down?
1

(Given iz = B and py, = 0.5) 1+2
Ans: When the body is just about to slide down, then it just balances the limiting frictional force which
should be calculated considering pi;. So that minimum angle is 8 = tan™? % = 30n,

Again, once it start sliding down, kinetic frictional force comes to play, and the free body analysis of the body
gives, mg sin30° — y, mg cos30° =m.a

V3 V3 .
Hence a = %— 0.5x=g 2%(1 —?) =0.67m/s® {ifg=10m/s’}

Or
A car accelerates from rest at a constant rate o for some time, after which it decelerates at a constant rate f to
come to rest. If the total time elapsed is t second then calculate the maximum velocity attained by the car.
Ans: Let the particle accelerates during t; time and then decelerates during t, tune. If maximum velocity

be v, then 1 =04 @l oones L) and O=v—=Lfl....cconu 2)
. _ v, v __ v(a+8)

Sototaltime t = t; + ¢, mehomiss

orv="2 ¢
a+p

(16) A ball thrown vertically upward with an initial velocity of 20m/s from the top of a building, hits the ground
after Ssec. calculate the height of the building, (g = 10m/s*)
Ans: let the height of the building be h.
Now, for the upward motion from the top of the building, 0 = 202 — 2.10. s, which gives s = 20 m
Time taken to travel that distance upward can be determined from, 0 = 20 — 10t, which gives t = 2sec
So, while coming down, it has travelled h + 20 m path in (5-2) =3 sec. Hence we get,

1
h+20=(0x3)+(§x10x32)

solving, we get h = 25m
(17) A balloon with mass M is descending down with an acceleration ‘a’ where a < g, what mass ‘m” of its
contents must be removed so that it starts moving up with acceleration ‘a’?

Ans: Let, F amount of force is applied on mass M because of the bouncy of the balloon in the upward
direction. And this force remains same all the time.
Now for the downward motion, Mg —F = Ma o1, F = M(g — a)

Let, m be the mass for which it goes up. Then, F —mg = ma. Or, m = .

gta
_ M(g—a)
So,m = P
Hence the amount needed to remove=VM =M —m =M — Mo—a) _ y (ﬁ“_"ﬂii) =22 M
gta gta gta
(18) Define angular velocity. Pulling a roller is easier than pushing it — why? 1+2

Ans: While pushing, a component of the applied force gets added up with the weight of the body, as a result
the effective weight and the normal reaction increases, hence the frictional force also increases
significantly.



But while pulling it, a component of the applied force does the opposite work. It decreases the weight of the
body and ultimately the frictional force also decreases. And it becomes easier to pull the roller.

Group-D

Answer the following questions. (Alternatives are to be noted): (5x3=15)
(19) Derive an expression for the maximum velocity a car can attain without skidding

on a level road .

A body of mass m;= 10kg is placed on a smooth horizontal table and a nail prevents
its sliding towards right. It is connected to an inextensible mass less string which
passes over a frictionless pulley and carries at the other end a body m, of mass 5kg
.What will be the acceleration produced in the bodies and the tension in the string

when the nail fixed on the table is removed? (g = 10m/s?) 2+1+2
Ans: The force causing the motion here is nothing but the weight of 5kg mass.
So, the common acceleration of the bodies a = ziig = % m/s?

Simply, 7' = mya = 10 x 22 N = 3333 N

Or
Can a particle with nonzero acceleration have uniform speed — explain? To a person moving eastwards
with a velocity Skm/h, rain appears to fall vertically downward with a speed 5v3km/h. Find the actual
speed and direction of the rain. 14242

Ans: Yes, for uniform circular motion the body in motion will have constant speed but it will have
acceleration due to continuous change in the direction of velocity vector.

Let, U, = velocity of man, V. = velocity of rain and V., = relative velocity of rain w.r.t man.
Then, from the diagram it is clear that, tanf = % or,8 = 30°

v 5‘,_
Also, V, = }52 +(5v3)" = 10km/h

Hence rain drops are falling with a speed 10km/h making 30°
angle with vertical direction as shown in the figure.

(20) What is the significance of slope of i) Displacement versus time curve and ii) velocity versus time
curve? Draw the velocity versus time curve of a particle in 1D motion whose acceleration is infinite.

The displacement of a body undergoing a force F =i—0.5]+ 3kis § = 21 — 2f — k. What is the
work done on the body by the force? What can you conclude on your result? T+1+T4+141
Ans: i) slope indicates velocity ii) slope indicates acceleration.
Tt will be 2 straigt line parallel to velocity axis and not passing through origin.
Work doneW = F.§ =2+1-3=0
As the work done is zero, but neither the force nor the displacement, hence the force is work less force
and applied perpendicularly with the displacement.

Or

A body falling freely under gravity passes two points 30m apart in 1sec. Find the height of the point
(w.r.t the upper point) from where it began to fall.

A train moves st half of its total path in ‘t;’ time with speed ‘v’ and next halfin ‘t;” time with speed
‘v,". Find average speed.

Coordinates of two points P and Q are (3,4) and (7,2). Determine the vector PQ. 3+1+1
Ans: Let the body is dropped h height above the upper point.

Then velocity at upper point 2 = 0 + 2.10.hor v = \20h

For the next 30m, this velocity will be the initial velocity. Hence for this 30m path, 30 = vt + % gt?
Or, V20R. 1 +3.10.12 = 30. Solving, h = 31.25m

Hence the body was released 31.25m above the upper point.

total distance __ vity+gt;
total time  ti+ty

PG = (7-3)i+ (2 —4)f =4i—2].
(21) Determine the angle vector A = /61 + /6 § + 2k makes with X-Y plane.

Calculate the area of the triangle whose two adjacent sides are represented by two vectors 31 + 4 J and
7f — 31

Average speed =



For any three vectors 4, B and C, prove that Ax (B+ €)+ B x (C+A)+Cx (A+ B) =0,
2+2+1
Ans: The unit vector normal to X-Y plancis k. 4.k = 2 = |ﬁ| lfé| cos
So, cos@ = %, or 8 = 60°

Hence the vector makes 90° — 60° = 30° angle with the X-Y plane.

Area of triangle = % Bl+4)H) x(=31+7) = 33k. Hence the magnitude of the area is 33 sq unit.
LHS=AX (B+ C)+B x(C+A)+Cx (d+ B)
“AXB+AXC+BXC+BxA+CxA+CxEB
“AXB—CxXxA+BxC—AxB+(CxA=Bx(

=0



