Motion In One Dimension

Any object is situated at point O and three observers from three
different places are
looking at same
object, then all three
observers will have
different
observations  about
the position of point
O and no one will

be wrong. Because
they are observing
the object from different positions.
Observer ‘A’ says : Point O is 3 m away in west direction.
Observer ‘B says : Point Ois 4 m away in south direction.
Observer ‘C says : Point Ois 5 m away in east direction.

Therefore position of any point is completely expressed by two
factors: lts distance from the observer and its direction with respect to
observer.

That is why position is characterised by a vector known as position
vector.

Consider a point Pin xy plane and its
coordinates are (x, ). Then position vector (F) of
point will be Xi + y] and if the point Pis in space

and its coordinates are (x, y, z) then position vector

can be expressed as T = Xi + y] +zk.

Rest and Motion

If a body does not change its position as time passes with respect to
frame of reference, it is said to be at rest.

And if a body changes its position as time passes with respect to
frame of reference, it is said to be in motion.

Frame of Reference : It is a system to which a set of coordinates are

attached and with reference to which observer describes any event.

at rest. But the same passenger passing away in a train through station,
observes that tree is in motion. In both conditions observer is right. But
observations are different because in first situation observer stands on a
platform, which is reference frame at rest and in second situation observer
moving in train, which is reference frame in motion.

So rest and, motion aresrelativesterms. 1t depends upon the frame of
references.

Table 2.1 : Types of motion

One dimensional Two dimensional Three dimensional

Motion of a body in a Motion of body in a [ Motion of body in a

straight line is called plane is called two | space is called three
dimensional motion.

one dimensional dimensional motion.

motion.

When two coordinates | When all three
of the position of a

When only one

coordinate  of  the coordinates of  the

position of a body [ body changes with | position of a body

changes with time then | time then it is said to | changes with time then

it is said to be moving | be moving two | it is said to be moving

one dimensionally. dimensionally. three dimensionally.

Ex. (i) Motion of car on a
straight road.

Ex. (i) Motion of car on Ex. (i) Motion of flying

a circular turn. kite.

(i) Motion of freely (ii) Motion of billiards
falling body. ball.

(ii) Motion of flying
insect.

Particle or Point Mass or Point object

The smallest part of matter with zero dimension which can be
described by its mass and position is defined as a particle or point mass.

If the size of a body is negligible in comparison to its range of motion
then that body is known as a particle.

A body (Group of particles) can be treated as a particle, depends
upon types of motion. For example in a planetary motion around the sun

the different planets can be presumed to be the particles.
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In above consideration when we treat body as particle, all parts of
the body undergo same displacement and have same velocity and

acceleration.

Distance and Displacement
(1) Distance : It is the actual length of the path covered by a moving
particle in a given interval of time.

(i) I a particle starts from A and reach to C through point B as shown
in the figure. Cc

Then distance travelled by particle

=AB+BC=7m

(i) Distance is a scalar quantity.

(iii) Dimension : [MLT)]

(iv) Unit : metre (S.1.) A 3m B

(2) Displacement : Displacement is the change in Pgsision vector i, A

vector joining initial to final position.
i) Displacement is a vector quanti
p quantity
(ii) Dimension : [MLT]
(iii) Unit : metre (S.1.)
(iv) In the

above figure the displacement of the particle
AC=AB+BC = | AC|
= J(AB)? +(BC)? + 2(AB)(BC)c0s90° =5 m
(v) If §l,§2,§3 ........ §n are the displacements of a body then the
total (net) displacement is the vector sum of the individuals.
525, +5, +5nt o

(3) Comparison between distance and displacement

(i) The magnitude of displacement is equal to minimum possible
distance between two positions.

So distance > [Displacement].

(ii) For a moving particle distance can never be negative or zero while
displacement can be.

(zero displacement means that body after motion has came back to
initial position)

i.e, Distance > 0 but Displacement >=or<0

(iii) For motion between two points, displacement is single valued

while distance depends on actual path and so can have many values.

(iv) For a moving particle distance can never decrease with time while
displacement can. Decrease in displacement with time means body is

moving towards the initial position.

(v) In general, magnitude of displacement is not equal to distance.
However, it can be so if the motion is along a straight line without change

in direction.

(vi) If T5 and [y are the position
vectors of particle initially and finally.

Then displacement of the particle
Tae =T —Ta

and s is the distance travelled if the
particle has gone through the path APB.

Speed and Velocity - X
(1) Speed : The rate of distance

covered with time is called speed.

(i) Tt is a scalar quantity having symbol v .

(ii) Dimension : [MLT]

(ifi) Unit : metre/second (S.1.), cm/second (C.G.S.)

(iv) Types of speed :

(a) Uniform speed : When a particle covers equal distances in equal
intervals of time, (no matter how small the intervals are) then it is said to
be moving with uniform speed. In given illustration motorcyclist travels
equal distance (= 5m) in each second. So we can say that particle is moving
with uniform speed of 5 m/s.

—_—
l'sm | sm | sm | sm | 5sm | sm
X > 1 sec 1 sec 1 sec 1 sec 1 sec \m/s
Time
5m/s 5m/s 5m/s 5m/s 5m/s 5m/s

Unife Speed
" O?E) Non-uniform (variable) sp'gedzz In non-uniform speed particle
)}

covers unequal distances in equal intervals of time. In the given illustration
motorcyclist travels 5m in 1 second, 8/m in 2+ second, 10m in 3 second, 4m
in 4* second etc.

Therefore its speed is different for every time interval of one second.
This means particle is moving with variable speed.

i

Distance |

5m 8m | 10m I 4m 6m I 7m I
_—
Time 1 sec 1 sec 1 sec 1 sec 1 sec 1 sec
_—
Vériable Spéed 5mjs 8mi/s 10m/s Aim)s 6m/s 7mls

(c) Average speed;: The average Ef%ezdsof a particle for a given ‘Interval
of time’ is defined as the ratio of total distance travelled to the time taken.

Total distancetravelled _As
Time taken YAt

U Time average speed : When particle moves with different uniform

Average speed =

speed Uy, U,, U3 .. etc in different time intervals t;, t,, t3, .. etc
respectively, its average speed over the total time of journey is given as
_ Total distancecovered

" Total time elapsed

Uty 0t 05l 4+

o+t Ht L+t +tg
U Distance averaged speed : When a particle describes different
distances d;, d,, dj, ... with different time intervals t,, t,, t5, ...
with speeds V;,V,,V;...... respectively then the speed of particle averaged

over the total distance can be given as
_ Total distancecovered _ d; +d, +d3 +.....
Total time elapsed L+t g+

av

U If speed is continuously changing with time then



(d) Instantaneous speed : It is the speed of a particle at a particular
instant of time. When we say “speed”, it usually means instantaneous speed.

The instantaneous speed is average speed for infinitesimally small time
interval (ie, At —0). Thus

. As ds
Instantaneous speed V= lim — = —
at—0 At dt

(2) Velocity : The rate of change of position ie. rate of displacement
with time is called velocity.

(i) 1t is a vector quantity having symbol V .

(i) Dimension : [MLT]

(iii) Unit : metre/second (S.1.), cm/second (C.G.S.)

(iv) Types of velocity :

(a) Uniform velocity : A particle is said to have uniform velocity, if
magnitudes as well as direction of its velocity remains same and this is
possible only when the particles moves in same straight line without
reversing its direction.

(b) Non-uniform velocity : A particle is said to have non-uniform
velocity, if either of magnitude or direction of velocity changes or both of
them change.

(c) Average velocity : 1t is defined as the ratio of displacement to time
taken by the body

Displacement ~ __ Ar
Time taken YAt

(d) Instantaneous velocity : Instantaneous velocity is defined as rate of

Averagevelocity=

change of position vector of particles with time at a certain instant of time.

- . Ar dr
Instantaneous velocity V= lim — = —
A0 At dt

(v) Comparison  between instantaneous speed and. instantaneous
velocity

(a) instantaneous velocity|is always tangential to the path followed by
the particle.

When a stone is thrown from point O then at point of projection the
instantaneous velocity of stone is V; , at point A the instantaneous velocity

of stone is V, , similarly at point Band Care V5 and V, respectively.
Y

Vi

X
Direction of these Jelocities can beigozi6d out by drawing a tangent on

the trajectory at a given point.

(b) A particle may have constant instantaneous speed but variable
instantaneous velocity.

Example : When a particle is performing uniform circular motion then
for every instant of its circular motion its speed remains constant but
velocity changes at every instant.

(c) The magnitude of instantaneous velocity is equal to the
instantaneous speed.

(d) 1f a particle is moving with constant velocity then its average
velocity and instantaneous velocity are always equal.

() If displacement is given as a function of time, then time derivative
of displacement will give velocity.

X = Ay — At + A,t?
dx
dt

Let displacement
Instantaneous velocity V=

= %(AO —At+ At

V=—A, +2At

2
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For the given value of ¢ we can find out the instantaneous velocity.

eg for t=0 Instantaneous velocity V= —A; and Instantaneous
speed | V| = A;

(vi) Comparison between average speed and average velocity

(a) Average speed is a scalar while average velocity is a vector
both having same units (m/s) and dimensions [LT 71].

(b) Average speed or velocity depends on time interval over which it is
defined.

(c) For a given time interval average velocity is single valued while
average speed can have many values depending on path followed.

(d) 1If after motion body comes back to its initial position then
Vo =0 (as AF =0) but v,, >0 and finite as (As > 0).

(e) For a moving body average speed can never be negative or zero
(unless t —> o0) while average velocity can be e V,, >0 while V,, = or <
0.

(f) As we know for a given time interval

Distance 2 |displacement]

.. Average speed > |Average velocity|
Acceleration

The time rate of change of velocity of an object is called acceleration
of the object.

(1) 1t is a vector quantity. It's direction is same as that of change in
velocity (Not of the velocity)

Table 2.2 : Possible ways of velocity change

When only direction of
velocity changes

When only magnitude When both magnitude

of velocity changes and direction of

velocity changes

Acceleration Acceleration jparallel or Acceleration has two

perpendicular to anti-parallel to velocity components one is

velocity perpendicular to
velocity and another
parallel or anti-parallel
to velocity

Ex. Uniform circular Ex. Motion  under | Ex Projectile motion

motion gravity

(2) Dimension : [MLT]
(3) Unit : metre/second (S.1.); cm/second (C.G.S.)
(4) Types of acceleration :

(i) Uniform acceleration : A body is said to have uniform

acceleration if magnitude and direction of the acceleration remains constant

during particle motion.

(ii) Non-uniform acceleration : A body is said to have non-uniform

acceleration, if either magnitude or direction or both of them change during

motion.
LA ¥, -7,
(iii) Average acceleration : a,, = — =——
At At
The direction of average acceleration vector is the direction of the
. . - AV
change in velocity vector as @ = —
At
, A W
(iv) Instantaneous acceleration = @ = lim—=—
At—0 At dt
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(v) For a moving body there is no relation between the direction of

instantaneous velocity and direction of acceleration.

v

Fig. 2.7
Ex. (a) In uniform circular motion €= 90° always

(b) Tn a projectile motion @ is variable for every point of trajectory.

(vi) If a force F acts on a particle of mass m, by Newton’s 2+ law,

acceleration a = —

_ dv  d%% _odx
(vii) By definition d = —=—— | ASV =—
dt dt dt
ie, if x is given as a function of time, second time derivative of

displacement gives acceleration

(viii) 1f velocity is given as a function of position, then by chain rule

dv  dv dx du[ dx}
a= = SV=—
dt

JR— :V._
(xi) Acceleration can be| positive/ zero or fnegativel Positive

Tdt dx dt dx

acceleration means \velocity increasing with' time, zero lacceleration means
velocity is uniform constant while negative acceleration (retardation) means
velocity is decreasing with time.

(xii) For motion of a body under gravity, acceleration will be equal

to “g”, where g is the acceleration due to gravity. lIts value is 9.8 /s 2 or

980 cmVs? or 32 feet/s?.

Position time Graph

During motion of the particle its parameters of kinematical analysis
(v a s) changes with time. This can be represented on the graph.

Position time graph is plotted by taking time ¢ along x-axis and
position of the particle on y-axis.

Y

Position
D —

Time
Let ABis a position-time grpph,fgr any moving particle
Change inposition _y, -y,

As Velocity = =
s velodly Time taken t, -t )

BC_AD_Y,-¥

From triangle ABC, tan @ = (i)

AC AGC t,-t
By comparing (i) and (ii) Velocity = tan@
v=tan6

It is clear that slope of tangent on position-time graph represents

the velocity of the particle.

Table 2.3 : Various position -time graphs and their interpretation
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0=0°s0v=0

ie, line para"el to time axis represents that the partic]e is at rest.

P
0= 90° so v =00
i, line perpendicular to time axis represents that particle is changing its position but time does not changes it
means the particle possesses infinite velocity.
o T
Practically this is not possible.
P

0 = constant so v = constant, a= 0

i.e., line with constant slope represents uniform velocity of the particle.

P
0 is increasing so v is increasing, a is positive.
ie, line bending towards position axis represents increasing velocity of particle. It means the particle possesses
acceleration.

o T

P
O is decreasing so v is decreasing, a is negative
ie, line bending towards time axis represents decreasing velocity of the particle. It means the particle possesses
retardation.

o— 07— 71

P
6 constant but > 90° so v will be constant but negative
ie, line with negative slope represent that particle returns towards the point of reference. (negative displacement).

g
o T
vad

A
/\\C Straight line segments of different slopes represent that velocity of the body changes after certain interval of time.
o T

This graph shows that at one instant the particle has two positions, which is not possible.

s
The graph shows that particle coming towards origin initially and after that it is moving away from origin.

L

along x-axis and velocity of the particle on y-axis.

Npte : O If the graph is plotted between distance and time then
Calculation of Distance and displacement : The area covered

between the velocity time graph and time axis gives the displacement and
distance travelled by the body for a given time interval.

it is always an increasing curve and it never
comes back towards origin because distance

—_

never decrease with time. Hence such type g Total distance =| Aj| + A, | + A;]

of distance time graph is valid up to point A §

only, after point A, it is not valid as shown D‘é = Addition of modulus of different area. ie S=J.| vl dt
in the figure. Total displacement = A; + A, + A,

VeIOCity-ti me Graph o Time —> = Addition of different area considering their sign.

The graph is plotted by taking time ¢ Fig. 2.9
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[S——1
ie r=[odt

Area above time axis is taken as positive, while area below time axis

is taken as negative

Change invelocity

+0 As Acceleration = .
Time taken
! 3 Vv 0
¢ t2 - tl
2
. BC AD
From triangle ABG, tan @ = — = —
-v AC AC
Fig. 2.10
here A and A are area of triangle 1 and 2 respectively and A is the _Vo—V (i)
area of trapezium . tL-t4

Calculation of Acceleration : Let ABis a velocity-time graph for any

moving particle

By comparing (i) and (ii)
Acceleration (a) = tan @

It is clear that slope of tangent on velocity-time graph represents the

Y,
acceleration of the particle.
>
2 v, D
5 C B
) \
T) '
> i
1
Y .
A, 1
i i
1 1
i i
i i
1 |
o + Table 2.4 : Various velocity -time graphs and their interpretation
Firrre
Fig. 2.1
@ =0° a=0, v=constant
2] o o o |
5 ie, line pamallel to time axis represents thatythe particle is moving with constant velocity.
o
o
>
AW B W S
o —
0=90° a=0, v=increasing
£ ie, line perpendicular to time axis represents that the particle is increasing its velocity, but time does
= not change. It means the particle possesses infinite acceleration. Practically it is not possible.
>
o
Time
6 = constant, so a = constant and v is increasing uniformly with time
g T ie, line with constant slope represents uniform acceleration of the particle.
o
o
>
—
@ Time
z T 0 increasing so acceleration increasing
e
o
> ie, line bending towards velocity axis represent the increasing acceleration in the body.
o ——
Time
bT 0 decreasing so acceleration decreasing
3
o
>
S
(o) e

Time



IVERSAL

Motion in One Dimension 79 e

ie. line bending towards time axis represents the decreasing acceleration in the body

Positive constant acceleration because @ is constant and < 90° but initial velocity of the particle is

negative.

@I Positive constant acceleration because @ is constant and < 90° but initial velocity of particle is positive.
8
o
E S
o >
Time
é‘,[ Negative constant acceleration because @ is constant and > 90° but initial velocity of the particle is
9
g .
3 positive.
o
Time
2 T Negative constant acceleration because 6 is constant and > 90° but initial velocity of the particle is zero.
3
o
>
f—————
o] —
Time
2
s
< Negative constant acceleration because € is constant and > 90° but initial velocity of the particle is
> .
%) — negative.
Time

Equation of Kinematics (2) When particle moves with constant acceleration

These are the various relations between , v, 4, ¢ and s for the particle (i) Acceleration is said to be constant when both the magnitude and

direction of acceleration remain constant.

moving with uniform acceleration where the notations are used as :
(ii) There will be one dimensional motion if initial velocity and

u = Initial velocity of the particle at time =0 sec
acceleration are parallel or anti-parallel to each other.
v = Final velocity at time ¢ sec
(iii) Equations of motion Equation of motion
a = Acceleration of the particle
(in scalar from) (in vector from)
s = Distance travelled in time ¢ sec
. . v=u+at V=u-+at
s = Distance travelled by the body in 7 sec
. . . .o 1.
1) When particle moves with zero acceleration S—ut+=at? S—{t+—at?
N T . . 2 2
i) It is a unidirectional motion with constant speed.
v® =u’ +2as Vv —0d =248

travelled.
s:[wjt §:%(ﬁ+\7)t

(

(

(i) Magnitude of displacement is always equal to the distance
d

(i) v=u s=ut [As a=0] 2
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S, =u+%(2n—l) S, =J+%(2n—1)

Motion of Body Under Gravity (Free Fall)

The force of attraction of earth on bodies, is called force of
gravity. Acceleration produced in the body by the force of gravity, is
called acceleration due to gravity. It is represented by the symbol g.

In the absence of air resistance, it is found that all bodies
(irrespective of the size, weight or composition) fall with the same
acceleration near the surface of the earth. This motion of a body falling
towards the earth from a small altitude (4 << R) is called free fall.

An ideal example of one-dimensional motion is motion under gravity
in which air resistance and the small changes in acceleration with height are

neglected.
(1) 1f a body is dropped from some height (initial velocity zero)

(i) Equations of motion : Taking initial position as origin and
direction of motion (i.e., downward direction) as a positive, here we have

T,

I,

v
h=—
29
u= T e - - ~
a=+g [As acceleraignyigyin the direction of motion]
v=gt (i)
h= %gt2 (i)
2
v° =2gh .o(ii)
h = %(Zn _1) (V)

tanf=g

t t t

(iii) As h = (1/2)gt, ie, h OCFl,g'cﬁ'g"L‘,'ance covered in time ¢ 2¢ 3¢ etc,

will be in the ratio of I' : 2 : 3, i.e, square of integers.
1
(iv) The distance covered in the nth sec, h, = 2 g(2n-1)

So distance covered in 1+, 27, 3* sec, etc., will be in the ratio of 1: 3 :

5, i.e, odd integers only.

(2) if a body is projected vertically downward with some initial
velocity

Equation of motion : v=u+gt

1 .2
h=ut+=gt
5 g9
v? =u® +2gh
h =u+3@n-1)
2
(3) If a body is projected vertically upward
(i) Equation of motion : Taking initial position as origin and
direction of motion (i.e, vertically up) as positive

a=— g [As acceleration is downwards while motion upwards]

So, if the body is projected with velocity v and after time ¢ it
reaches up to height / then

u:u—gt;h:ut—%gtz;u2 =u? —2gh;h, :u—%(Zn—l)

(ii) For maximum height v=0

So from above equation v = gt,

1
h=>=gt
29
and u?=2gh @ v°
A
2h
@ t= [—=2
h g 9
l u
u =4/2gh
2
u
h=—
29

(iii) Graph of displacemerfig.vzlacity and acceleration with respect to

time (for maximum height) :

s (w129 v

(u/k) —y

/

g

—a

Fig. 2.15
It is clear that both quantitiesgdo not depend upon the mass of the
body or we can say that in absence of air resistance, all bodies fall on the

surface of the earth with the same rate.



(4) The motion is independent of the mass of the body, as in any
equation of motion, mass is not involved. That is why a heavy and light

body when released from the same height, reach the ground simultaneously

and with same velocity ie, t =4/(2h/g) and v =,2gh.

(5) In case of motion under gravity, time taken to go up is equal to
the time taken to fall down through the same distance. Time of descent (¢)
= time of ascent (t) = ujg

2
.. Total time of flight 7=t + ¢ = a

(6) In case of motion under gravity, the speed with which a body is
projected up is equal to the speed with which it comes back to the point of
projection.

As well as the magnitude of velocity at any point on the path is same
whether the body is moving in upwards or downward direction.

(7) A body is thrown vertically upwards. If air resistance is to be
taken into account, then the time of ascent is less than the time of descent.
t>t

Let u is the initial velocity of body then time of ascent t; =
g+a

UZ

- 2(g+a)

and h

where g is acceleration due to gravity and a is retardation by air
resistance and for upward motion both will work vertically downward.

For downward/motion a/and/ g willl work in @ppositedirection
because a always work in direction| opposite to motion land g always work
vertically downward.

So h:%(g—a)tg

2

u _l g2
m—z(g at;

u
St —
(9+a)(g-a)

Comparing ¢ and ¢ we can say that ¢ > ¢
since (g+a)>(g—a)
Motion with Variable Acceleration

(i) If acceleration is a function of time

a=f(t) then v=u+[ f()dt

t
and S =Ut +j (f f(t)dt)dt

0
(ii) 1f acceleration is a function of distance
a= f(x)

then v =u? +2j:0 f(x) dx

(iii) 1f acceleration is a function of velocity

(]
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. Iv vdv

a="Ff) + u%

v dv
then t = Ju W)

T Tips & Tricks

&5 During translational motion of the body, there is change in the
location of the body.

&5 During rotational motion of the body, there is change in the
orientation of the body, while there is no change in the location of the
body from the axis of rotation.

&5 A point object is just a mathematical point. This concept is
introduced to study the motion of a body in a simple manner.

&5 The choice of the origin is purely arbitrary.

&5 For one dimensional motion the angle between acceleration and
velocity is either 0° or 180° and it does not change with time.

£&5 For two dimensional motion, the angle between acceleration and
velocity is other than 0° or 180° and also it may change with time.

&5 If the angle between @ and V is 90°, the path of the particle is a
circle.

&5 The particle speed up, that is the speed of the particle increases when
the angle between a and V lies between —90° and +90°.

&5 Thé particlé speeds down, that is the speed of the particle
decreases, when\the angle between 8 and V| lies between +90° and
2770°,

&5  The speed of the particle remains constant when the angle between
a and V is equal to 90°.

&5 The distance covered by a particle never decreases with time, it
always increases.

&5 Displacement of a particle is the unique path between the initial
and final positions of the particle. 1t may or may not be the actually
travelled path of the particle.

&5 Displacement of a particle gives no information regarding the
nature of the path followed by the particle.

&5 Magnitude of displacement < Distance covered.

£S5 Since distance > [Displacement], so average speed of a body is equal
or greater than the magnitude of the average velocity of the body.

&5  The average speed of a body is equal to its instantaneous speed if
the body moves with a constant speed

£5  No force is required to move the body or an object with uniform
velocity.

£5  Velocity of the body is positive, if it moves to the right side of the
origin. Velocity is negative if the body moves to the left side of the
origin.

£5 When a particle returns to the starting point, its displacement is
zero but the distance covered is not zero.

&5 When a body reverses its direction of motion while moving along a
straight line, then the distance travelled by the body is greater than the
magnitude of the displacement of the body. In this case, average speed of
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the body is greater than its average velocity.
&5 Speedometer measures the instantaneous speed of a vehicle.

& When particle moves with speed v upto half time of its total

vV, +V
motion and in rest time it is moving with speed v then Vv, = %

& When particle moves the first half of a distance at a speed of v and
second half of the distance at speed v then
AP

VARV

& When particle covers one-third distance at speed v, next one third at
speed v and last one third at speed v, then

3V,V,Vg
ViV, +VoVg + V3V

Vav =

& For two particles having displacement time graph with slopes &

v _tang
and Opossesses velocities v and v respectively then —=——=L
v, tané,
& Velocity of a particle having uniform motion = slope of

displacement—time graph.

&5 Greater the slope of displacement-time graph, greater is the
velocity and vice-versa.

&5 Area under v — t graph = displacement of the particle.

&5 Slope of velocity-time graph = acceleration.

£ If a particle|is accelerated for a'time /#\with accelération 4 and for

time ¢ with (acceleration/ 3/ then |ayerage | acceleration || is
_ab tah

av t, +t,

&5 1f same force is applied on two bodies of different masses m; and

M, separately then it produces accelerations d; and d, respectively.

Now these bodies are attached together and form a combined system
and same force is applied on that system so that a be the acceleration of
the combined system, then

a;a
a= 192
a,; +a,
&5 1f a body starts from rest and moves with uniform acceleration
then distance covered by the body in ¢ sec is proportional to ¢ (ie
soct?).
So we can say that the ratio of distance covered in 1 sec, 2 sec

and 3 secis 12:22:3? orl:4:9.

&5 1If a body starts from rest and moves with uniform acceleration

then distance covered by the body in nth sec is proportional to (2n —1)
(ie. S, o (2n 1))

So we can say that the ratio of distance covered in 1+, 2* and 3'is1: 3 : 5.
&5 A body moving with a velocity u is stopped by application of
brakes after covering a distance s. If the same body moves with

velocity nu and same braking force is applied on it then it will come

to rest after covering a distance of ns.

2
u
As 02> =u?-2as = 0=u%®-2as = =5 sxu
a

2

[since ais constant]

So we can say that if u becomes n times then s becomes 77 times that of
previous value.

&5 A particle moving with uniform acceleration from A to B along a
straight line has velocities v; and U, at A and B respectively. If Cis

the mid-point between A and B then velocity of the particle at Cis equal

[ 2 2

vy +U

o= | 2
2

&5 The body returns to its point of projection with the same

to

magnitude of the velocity with which it was thrown vertically upward,
provided air resistance is neglected.

&5 All bodies fall freely with the same acceleration.

&5 The acceleration of the falling bodies does not depend on the mass
of the body.

&5 If two bodies are dropped from the same height, they reach the
ground in the same time and with the same velocity.

&5 If a body is thrown upwards with velocity v from the top of a
tower and another body is thrown downwards from the same point and
with the same velocity, then both reach the ground with the same speed.

%5 'When|a particle returns to the starting point, its average velocity is
zéro but the average ‘speed'is not zéro.

If both the objects A and B move along parallel lines in the
same direction, then the relative velocity of A w.r.t. Bis given by v =

V=9
and the relative velocity of Bw.rt. Ais givenby v =v — v

&5 If both the objects A and B move along parallel lines in the
opposite direction, then the relative velocity of A w.r.t. Bis given by v =

v-(wv=vry
and the relative velocity of Bw.rt. Aisgivenby v =—v - v

&5 Suppose a body is projected upwards from the ground and with
the velocity u. It is assumed that the friction of the air is negligible. The
characteristics of motion of such a body are as follows.

(i) The maximum height attained = H = u/2g.

(ii) Time taken to go up (ascent) = Time taken to come down (descent)
=t=ulg

(iii) Time of flight 7= 2¢= 2u/g

(iv) The speed of the body on return to the ground = speed with which

it was thrown upwards.

(v) When the height attained is not large, that is u is not large, the mass,
the weight as well as the acceleration remain constant with time. But its
speed, velocity, momentum, potential energy and kinetic energy change
with time.

(vi) Let m be the mass of the body. Then in going from the ground to
the highest point, following changes take place.



(a) Change in speed = u
(b) Change in velocity = u
(c) Change in momentum = m u

(d) Change in kinetic energy = Change in potential energy =
(1/2) mu.
(

follows

vii) On return to the ground the changes in these quantities are as

a) Change in speed = 0
b) Change in velocity = 2u

(

(

(c) Change in momentum = 2mu

(d) Change in kinetic energy = Change in potential energy = 0
(

viii) If; the friction of air be taken into account, then the motion of the
object thrown upwards will have the following properties

(a) Time taken to go up (ascent) < time taken to come down (descent)
(b) The speed of the object on return to the ground is less than the

initial speed. Same is true for velocity (magnitude), momentum
(magnitude) and kinetic energy.

(c) Maximum height attained is less than u/2g

(d) A part of the kinetic energy is used up in overcoming the friction.

&5 A ball is dropped from a building of height 4 and it reaches after ¢
seconds on earth. From the same building if two balls are thrown (one
upwards and other downwards) with the same velocity z and they reach
the earth surface after £ and ¢ seconds respectively then

t=yut,

&5 A particle is dropped vertically from rest from a height. The time
taken by it to fall through'successive /distance of 1/ each will thien be in
the ratio of the difference’in the square roots'of the integers 7e.

V1,62 =1),(f3 = V2)..o..( V& =A3)......... .
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T Ordinary Thinking

Objective Questions
Distance and Displacement

A Body moves 6 m north. 8 m east and 10m vertically upwards,
what is its resultant displacement from initial position

@ 10v2m (b) 10m
© Zm @

V2

A man goes 10m towards North, then 20m towards east then
displacement is

10x2m

[KCET 1999; JIPMER 1999; AFMC 2003]
(@) 225m (b) 25m
() 255m (d) 30m
A person moves 30 m north and then 20 m towards east and finally

30\/5 m in south-west direction. The displacement of the person
from the origin will be

) & K CET 2004]
(b) 10 m long south
(d) Zero
An aeroplane flies 400 m north and 300 m south and then flies
1200 m upwards then net displacement is

(@) 10 m along north

(c) 10 m along west

[AFMC 2004]
(@) 1200 m (b) 1300 m
(¢) 1400 m (d)/ 1500 m

An athlete completes one/round of a/cireular track of radius R jin 40

sec. What will'be his displacement at the end 'of 2 mifi. 20 sé¢” [NCERT 1990; Kérala'PMT 2004]

(@) Zero (b) 2R
() 2R d) 7R
A wheel of radius 1 meter rolls forward half a revolution on a
horizontal ground. The magnitude of the displacement of the point
of the wheel initially in contact with the ground is

[BCECE 2005]

@) 2z ®) J2r

() Vr?+4 d =z
Uniform Motion

A person travels along a straight road for half the distance with
velocity V; and the remaining half distance with velocity Vv, The

average velocity is given by [MP PMT 2001]

2
%
(@ Vv, (b) _i
Vi
vV, +V 2v,v
(c) 1772 (d [k 2
2 vy 4V,

The displacement-time graph for two particles A and B are straight
lines inclined at angles of 30° and 60° with the time axis. The
ratio of velocities of V, :Vp is

[CPMT 1990; MP PET 1999; MP PET 2001; Pb. PET 2003]

®b) 1:43

(@ 1:2

w

© V3:1 d 1:3
A car travels from A to B at a speed of 20 km /hr and returns at

a speed of 30 km /hr . The average speed of the car for the whole

journey is [MP PET 1985]
(@) 25 km/hr (b) 24 km/hr
(¢) 50 km /hr (d) 5 km/hr

A boy walks to his school at a distance of 6 km with constant speed

of 2.5 IPFBAIPUnd walks back with a constant speed of 4 km/hr.

His average speed for round trip expressed in kmj/hour, is

(@) 2413 (b) 40n3

© 3 @ 12

A car travels the first half of a distance between two places at a

speed of 30 km/hr and the second half of the distance at 50 km/hr.

The average speed of the car for the whole journey is [Manipal MEE 1995; A
(@) 425 km/hr (b) 40.0 km/hr

(c) 37.5 kmlhr (d) 35.0 km/hr

One car moving on a straight road covers one third of the distance

with 20 kmy/hr and the rest with 60 km/hr. The average speed is [MP PMT 199
(@) 40 km/hr (b) 80 kmy/hr

(c) 46% kmy/hr (d) 36 km/hr

A car moves for half of its time at 80 km/h and for rest half of time
at 40 km/h. Total distance covered is 60 km. What is the average

speed of the car [RPET 1996]
(a) 60 km/h (b) 80 km/h
(c)u 120 km /h (d) 180 km/h

A train’has a speedof 60 &m/f for thélfirstone hour and 40 Akm/h
for the next half hour. Its average speed in km/his
[JIPMER 1999]
(@) 50 (b) 5333
(c) 48 (d) 70
Which of the following is a one dimensional motion

[BHU 2000; CBSE PMT 2001]
(@) Landing of an aircraft
(b) Earth revolving a round the sun
() Motion of wheels of a moving trains
(d) Train running on a straight track

A 150 m long train is moving with a uniform velocity of 45 kmy/h.
The time taken by the train to cross a bridge of length 850 meters

is [CBSE PMT 2001]
(@) 56 sec (b) 68 sec
(c) 80 sec (d) 92 sec

A particle is constrained to move on a straight line path. It returns
to the starting point after 10 sec. The total distance covered by the
particle during this time is 30 m. Which of the following statements
about the motion of the particle is false [CBSE PMT 2000; AFMC 2001]

a) Displacement of the particle is zero
b) Average speed of the particle is 3 m/s
Displacement of the particle is 30 m
Both (a) and (b)

A particle moves along a semicircle of radius 10/, in 5 seconds. The

average velocity of the particle is

[Kerala (Engg.) 2001]



1

@ 2zms™t (b) 4z ms”

1

() 2ms?t (d) 4ms”

A man walks on a straight road from his home to a market 2.5 km
away with a speed of 5 km/h. Finding the market closed, he instantly
turns and walks back home with a speed of 7.5 kmj/h. The average
speed of the man over the interval of time 0 to 40 min. is equal to

@) 5 kmih (b) 24—5 kel
(© 34—0 knlh ) 48—5 knlh

The ratio of the numerical values of the average velocity and average

speed of a body is always [MP PET 2002]

(@) Unity (b) Unity or less
(c) Unity or more (d) Less than unity

A person travels along a straight road for the first half time with a
velocity V; and the next half time with a velocity V, . The mean
velocity V' of the man is

[RPET 1999; BHU 2002]

(a) £:i+i (b) V:V1+V2
Vo ov, v, 2
© V=i (@AY E [
\F

If a car covers 2/5° of the total distance with v speed and 3/5
distance with v then average speed is [MP PMT 2003]

@ v, (b)

.

Which of the following options is correct for the object having a

vV, +V,

straight line motion represented by the following graph
D

A

o

5 —>
(a) The object moves with constantly increasing velocity from O to

A and then it moves with constant velocity.
(b) Velocity of the object increases uniformly
(c) Average velocity is zero
(d) The graph shown is impossible

The numerical ratio of displacement to the distance covered is

always [BHU 2004]

(@) Less than one

19.

20.

2L

22.

23.

24.

[AM&)(M%) bzooz]
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(b) Equal to one
(c) Equal to or less than one
(d) Equal to or greater than one

A 100 m long train is moving with a uniform velocity of 45 km/hr.
The time taken by the train to cross a bridge of length 1 km is

(@) 58s (b) 68 s
(d) 88s

A particle moves for 20 seconds with velocity 3 m/s and then
velocity 4 my/s for another 20 seconds and finally moves with
velocity 5 m/s for next 20 seconds. What is the average velocity of

the particle [MH CET 2004]
(@) 3 msi (b) 4 mss
() 5 msis (d) Zero

The correct statement from the following is [MP PET 1993]

(@) A body having zero velocity will not necessarily have zero
acceleration

(b) A body having zero velocity will necessarily have zero
acceleration

() A body having uniform speed can have only uniform
acceleration

(d) A body having non-uniform velocity will have zero acceleration

A bullet fired into a fixed target loses half of its velocity after
penetrating 3 cm. How much further it will penetrate before coming

to rest assuming that it faces constant resistance to motion?
(a), 1.5 em (b) 1.0 cm
(c) 307em (d) z.oem

Two boys lare standing at the 'ends A and B of a ground where
AB =27 The ‘boy at™B starts’ running in ‘a direction perpendicular
to AB with velocity V;. The boy at A starts running simultaneously

with velocity V and catches the other boy in a time ¢ where tis

b) +a2/@? -v?)
(€ alf-vy) (d) alf+vy)

A car travels half the distance with constant velocity of 40 kmph

(@) alyv? +v?

and the remaining half with a constant velocity of 60 kmph. The
average velocity of the car in kmph is

[DCE 2004] [Kerala PMT 2005]
(@) 40 (b) 45
(c) 48 (d) 50

Non-uniform Motion

A particle experiences a constant acceleration for 20 sec after
starting from rest. If it travels a distance S; in the first 10 sec and a
distance S, in the next 10 sec, then

[NCERT 1972; CPMT 1997; MP PMT 2002]
(@) S$;=S, (b) S;=S,/3
() S;=S,/2 (d S, =S,/4

The displacement X of a particle along a straight line at time 1 is

given by X =3, +a;t + a2t2 . The acceleration of the particle is [NCERT 19

(@) ag b &
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(c) 2a, d a,
The coordinates of a moving particle at any time are given by

X = at? and y = bt? . The speed of the particle at any moment is

[DPMT 1984; CPMT 1997]
2ty/(@@% —b?)

2ty@% +b?)

(@) 2t@+b)

(b)
() tva?+b? (d)

An electron starting from rest has a velocity that increases linearly
with the time that is V =kt, where kK = 2m/sec?. The distance
travelled in the first 3 seconds will be

[NCERT 1982]
(@ 9o m
(€ 27 m

(b) 16 M
(d) 36 m

The displacement of a body is given to be proportional to the cube
of time elapsed. The magnitude of the acceleration of the body is

(b) Decreasing with time
(d) Zero

The instantaneous velocity of a body can be measured

(b) Vectorially

(d) None of these

(@) Increasing with time

(¢) Constant but not zero

(@) Graphically
(c) By speedometer
A body is moving from rest under constant acceleration and let S;

be the displacement in the first (p—1) sec and S, be the

displacement in the first pPSeC. The displacement in
(p2 -p+ :I.)lh sec. will be
@ S, +8, (b)

@ S1/5%

S 1 S 2
() S1-95%
A body under the action of several forces will have zero acceleration
(@) When the body is very light

(b) When the body is very heavy

(c) When the body is a point body

(d) When the vector sum of all the forces acting on it is zero

A body starts from the origin and moves along the X-axis such that the
velocity at any instant is given by (4t3 —2t), where t is in sec and

velocity inM /S . What is the acceleration of the particle, when it is 2 m

from the origin

(a) 28 m/s? (b) 22m/s?

() 12m/s? (d) 10 m/s?

The relation between time and distance is t = o> + X, where o
and [ are constants. The retardation is

[NCERT 1982; AIEEE 2005]
) 2p°
d) 2p8%3

@ 23

© 2ap?®
A point moves with uniform acceleration and V;,V, and V4

denote the average velocities in the three successive intervals of time

t;,t, and t; . Which of the following relations is correct

@) (v —Vy)ilvy —v3)=(t —t,):(t, +13)

20.

(b) (g —Vy)ilvy —vg)=(t; +1t,):(t, +13)
(0 (g —Vy)ilvy, —vg)=(t; —t,):(t; —t3)

d) (g —vy)i(vy —va)=(t, —1p):(t; —t3)
The acceleration of a moving body can be found from
[DPMT 1981]
(@) Area under velocity-time graph
(b) Area under distance-time graph
(c) Slope of the velocity-time graph
(d) Slope of distance-time graph
(at t=0) and the
acceleration f is given by at. Which of the following relation is

The initial velocity of a particle is U

valid [CPMT 1981; BHU 1995]
t2
(@) v=u+at? (b) V=U+a—
[NCERT 1990] 2
() v=u+at (d) v=u

The initial velocity of the particle is 10 m/Sec and its retardation

is 2m/sec?. The distance moved by the particle in 5th second

of its motion is [CPMT 1976]
(@ 1m (b) 19 m
() 50 m (d) 75m

A motor car moving with a uniform speed of 20m/sec comes to

stop on the application of brakes after travelling a distance of 10 m
[EAMCET 1979]

(a) 20m/sec? (b)

Its acceleration is

- 20m /'sec?

(c) —40 m/sec® (d) +2m/sec?

The velocity of a body moving with a uniform acceleration of

2 m./sec® is 10 m/sec. Its velocity after an interval of 4 sec is

(a) 12 m/sec (b) 14 m/sec

(¢) 16 m/sec (d) 18 m/sec

A particle starting from rest travels a distance X in first 2 seconds
and a distance Y in next two seconds, then

[EAMCET 1982]
@ y=x (b) y=2x
(© y=3x (d)

The initial velocity of a body moving along a straight lineis 7 m/s.

y =4x

It has a uniform acceleration of 4 M /5. The distance covered by
the body in the 5° second of its motion is
(@) 25 m (b) 35 m
() 50 m (d) 85 m
The velocity of a body depends on time according to the equation
v=20+0.1t%. The body is undergoing

[MNR 1995; UPSEAT 2000]
(a) Uniform acceleration
(b) Uniform retardation
() Ncm—cgﬂflbﬁgﬂcce]eration
(d) Zero acceleration
Which of the following four statements is false

[Manipal MEE 1995]



21.

22.

23.

24.

25.

26.

27.

(@) A body can have zero velocity and still be accelerated

(b) A body can have a constant velocity and still have a varying
speed

(¢) A body can have a constant speed and still have a varying
velocity

(d) The direction of the velocity of a body can change when its
acceleration is constant

A particle moving with a uniform acceleration travels 24 m and 64

m in the first two consecutive intervals of 4 sec each. Its initial

velocity is [MP PET 1995]
(@) 1 m/sec (b) 10m/sec
(¢) 5 my/sec (d) 2 m/sec

The position of a particle moving in the xy-plane at any time t is
given by X =(3t? —6t) metres, Yy =(t? —2t) metres. Select the
correct statement about the moving particle from the following

(@) The acceleration of the particle is zero at t =0 second

(b) The velocity of the particle is zero at t =0 second

(c) The velocity of the particle is zero at t =1 second

(d) The velocity and acceleration of the particle are never zero

If body having initial velocity zero is moving with uniform
acceleration 8 M /sec? the distance travelled by it in fifth second
will be [MP PMT 1996; DPMT 2001]
(@) 36 metres (b) 40 metres
(d) Zero

An alpha particle enters a hollow tube of 4 m length with an initial
speed of 1 km/s. 1t is accelerated in the tube and comes out/of it
with a speed ofl9 kri/s. The time for which it rémains inside the
tube is

() 8x107°s (b)
(c) 800x1073s (d)

Two cars A and B are travelling in the same direction with

(c¢) 100 metres

80x107%s
8x10™s

velocities V; and V, (V; >V,). When the car A is at a distance
d ahead of the car B, the driver of the car A applied the brake

producing a uniform retardation @ There will be no collision when

VY 2 _ 2
(a) d<u (b) d<u
2a 2a
VRY: 2 _ 2
() d>w ) d>u
2a 2a

A body of mass 10 kg is moving with a constant velocity of 10 m/s.
When a constant force acts for 4 seconds on it, it moves with a
velocity 2 m/sec in the opposite direction. The acceleration produced

initis [MP PET 1997]
(@) 3m/sec? (b) —3m/sec?
(c) 0.3m/sec? (d) —0.3m/sec?

A body starts from rest from the origin with an acceleration of
6m/s? along the x-axis and 8m/s? along the j-axis. lts
distance from the origin after 4 seconds will be

[MP PMT 1999]
(@) 56 m
(c) 80m

(b) 64 m
() 128 m

28.
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A car moving with a velocity of 10 m/s can be stopped by the
application of a constant force Fin a distance of 20 m. If the velocity
of the car is 30 my/s, it can be stopped by this force in

(a) %m (b) 20m
(c) 60m (d) 180 m

The displacement of a particle is given by Yy =a + bt + ct? —dt*.

The initial velocity and acceleration are respectively
(@) b,—4d (b) -b,2c
() b,2c (d) 2c,—4d

A car moving with a speed of 40 km/h can be stopped by applying
brakes after atleast 2 m. If the same car is moving with a speed of
80 km/h, what is the minimum stopping distance

[MP PMT ]9951CBSE PMT 1998,1999; AFMC 2000; JIPMER 2001, 02]
(a) 8m (b) 2m
() 4m (d) 6m
An elevator car, whose floor to ceiling distance is equal to 2.7 m, starts
ascending with constant acceleration of 1.2 ms. 2 sec after the
start, a bolt begins fallings from the ceiling of the car. The free fall
time of the bolt is [KCET 1994]

(@) J0.54s b) 6
() 07s (d) 1s

The displacement is given by X =2t? +t+5 the acceleration at

t=2s is [EAMCET (Engg.) 1995]
() 4 m/s? (b) 8 m/s?
(). 10m/s? (d) 15m.s?

Two trains| travelling on the same track are approaching each other
with equal spéeds “of 40 ‘mjs/ Thél drivers of 'the trains begin to
decelerate simultaneously when they are just 2.0 km apart
Assuming the decelerations to be uniform and equal, the value of
the deceleration to barely avoid collision should be

(b) mo m/s?

(d) 08 m/s®

(@) n8 m/s?
() 21m/s?
A body[]ﬂ%begl BB rest with a constant acceleration of 5m/s? .

Its instantaneous speed (in M/ S) at the end of 10 sec is

@ 50 ® s
() 2 (d) o5
A boggy of uniformly moving train is suddenly detached from train
and stops after covering some distance. The distance covered by the
boggy and distance covered by the train in the same time has
relation [RPET 1997]
(@) Both will be equal
(b) First will be half of second
(c) First will be 1/4 of second
(d) No definite ratio
A body starts from rest. What is the ratio of the distance travelled
by the body during the 4th and 3rd second

[CBSE PMT 1993]

(@) (b)

w|~N g~
~N|jw N|o

[CPMT 1999, 2003]
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The acceleration 'a' in

m/s? of a particle is given by

a=3t2 +2t+2 where t is the time. If the particle starts out

with a velocity U=2m/s at t=0, then the velocity at the end

of 2 second is [MNR 1994; SCRA 1994]

(@) 12 mss (b) 18 m/s

(c) 27 mss (d) 36 mys

A particle moves along a straight line such that its displacement at

any time t is given by

S =13 —6t2 +3t+4 metres

The velocity when the acceleration is zero is

[CBSE PMT 1994; JIPMER 2001, 02]
—12ms™

1

(@) 3ms™ (b)
() 42ms™ (d)

For a moving body at any instant of time

—-9ms”™

[NTSE 1995]

(@) 1f the body is not moving, the acceleration is necessarily zero

(b) 1f the body is slowing, the retardation is negative

(c) 1f the body is slowing, the distance is negative

(d) 1If displacement, velocity and acceleration at that instant are
known, we can find the displacement at any given time in
future

The X and Y coordinates of a particle at any time t are given by
X =7t+4t? and y=5t, where X and Yy are in metre and t
in seconds. The acceleration of particle at t =5 sis

(@) Zero (b) 8m/s?

(¢) 20 m/s? (d) 40 m/s?

The engine,of a, car_produces acceleration, 4 m /52 in the car. If

this car pulls another /car /of |same mass, whats will be the

acceleration produced [RPET 1996]
() 8m/s? (b) 2m/s?
() 4m/s? () L2

If a body starts from rest and travels 120 cm in the 6 second, then

what is the acceleration [AFMC 1997]

(a) o020 m/s? (b) 0.027 m/s?

(c) 0218 m/s? (d) 0.03 m/s?

If a car at rest accelerates uniformly to a speed of 144 km/hin 20

s. Then it covers a distance of [CBSE PMT 1997]

(@) 20m (b) 400 m

() 1440 m (d) 2880 m

The position X of a particle varies with time t as

x = at? —bt® . The acceleration of the particle will be zero at time

t equal to
[CBSE PMT 1997; BHU 1999; DPMT 2000;

KCET 2000]
a 2a
a) — b) —
@ b (b) 3b
a
c) — d ero
(c) 3b d) z

A truck and a car are moving with equal velocity. On applying the
brakes both will stop after certain distance, then

[CPMT 1997]
(@) Truck will cover less distance before rest

(b) Car will cover less distance before rest

46.
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(c) Both will cover equal distance

(d) None

If a train travelling at 72 kmph is to be brought to rest in a distance
of 200 metres, then its retardation should be

[SCRA 1998; MP PMT 2004]
(@) 20 ms2 (b) 1oms2
() 2ms? d) 1 ms™?
The displacement of a particle starting from rest (at t =0) is given

by s=6t% —t°. The time in seconds at which the particle will

attain zero velocity again, is [SCRA 1998]
@ 2 (b) 4
(© 6 (d) 8

What is the relation between displacement, time and acceleration in
case of a body having uniform acceleration

[DCE 1999]

(a) S:ut+%ft2 (b) S=@Uu+ft

() S=v?-2fs

Two cars A and B at rest at same point initially. If A starts with
uniform velocity of 40 my/sec and B starts in the same direction with

(d) None of these

constant acceleration of 4m/52, then B will catch A after how

much tl[?(?RA 1096] [RPET 1999]
(@) 10 sec (b) 20 sec
(¢) 30 sec (d) 35 sec

The motion of a particle is described by the equation X =a+ bt?
where 8 =15 cm and b =3 cm/s. lts_instantaneous velocity at
time 3 sec will be

[AMU (Med.) 2000]
(@) 36 cm/sec (b) 18 cmy/sec
(c) 16 cm/sec d)

A body travels for 15 sec starting from rest with constant

32 cm/sec

acceleration. If it travels distances S;, S, and S; in the first five
seconds, second five seconds and next five seconds respectively the

relation between S;, S, and S is

[AMU (Engg.) 2000]

@ S;=S; =33 (b) 5S; =35, =33
1 1 1 1

S;=—5,==S d) S§S;,==S5,==S
() 17372773 (d) 175727373
A body is moving according to the equation X = at+bt® —ct®
where X = displacement and &, b and C are constants. The
acceleration of the body is

[BHU 2000]

(a) a-+2bt (b) 2b+6ct
() 2b—6ct d) 3b—6ct?

A particle travels 10/ in first 5 sec and 10/m in next 3 sec. Assuming
constant acceleration what is the distance travelled in next 2 sec
(a) 83m (b) 93 m
() 103 m (d) None of above
The distance travelled by a particle is proportional to the squares of
time, then the particle travels with

[RPET 1999; RPMT 2000]
(b) Uniform velocity

(a) Uniform acceleration

(c) Increasing acceleration (d) Decreasing velocity
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60.

61

62.
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64.

Acceleration of a particle changes when [RPMT 2000]
(@) Direction of velocity changes

(b) Magnitude of velocity changes

(c) Both of above

(d) Speed changes

The motion of a particle is described by the equation U =at. The
distance travelled by the particle in the first 4 seconds

(a) 4a (b) 12a

(c) 6a (d) 8a

The relation 3t =+/3X +6 describes the displacement of a
particle in one direction where X is in metres and t in sec. The
displacement, when velocity is zero, is [CPMT 2000]

(b) 12 metres

(d) Zero

A constant force acts on a body of mass 0.9 kg at rest for 10s. If the
body moves a distance of 250 m, the magnitude of the force is

(@ 3N (b) 3.5N
() 4.0N (d) 4.5N

The average velocity of a body moving with uniform acceleration
travelling a distance of 3.06 m is 0.34 ms. If the change in velocity of

(@) 24 metres

(c) 5 metres

the body is 0.18ms during this time, its uniform acceleration is [EAMCET (Med.) 2000

(@) o0.01 ms (b) 0.02 ms
(c) 0.03 ms (d) 0.04 ms
Equation of displacement for any particle is

s=3t% +7t% + 14t +8m. Its acceleration at time t =1 sec is
[CBSE PMT 2000]

(@) 10 m/s

(¢) 25 mls

The position of a particle moving ‘along the x-axis at.certain times is

(b) 16 m/s
(d) .32 mls

given below :

t(s) 0 1 2 3

x (m) -2 0 6 16

Which of the following describes the motion correctly
[AMU (Engg.) 2001]
a) Uniform, accelerated

b

(

( Uniform, decelerated

(¢) Non-uniform, accelerated
(

=~

d) There is not enough data for generalization

Consider the acceleration, velocity and displacement of a tennis ball
as it falls to the ground and bounces back. Directions of which of
these changes in the process

[AMU (Engg.) 2001]
) Velocity only
b

a
c) Acceleration, velocity and displacement

=

(
(b) Displacement and velocity

(

(d) Displacement and acceleration

The displacement of a particle, moving in a straight line, is given by

s=2t2 +2t+4 where S is in metres and t in seconds. The
[CPMT 2001]

(b) 4 mls
(d) 8 mis

acceleration of the particle is
(@) 2 mls
() 6ms
A body A starts from rest with an acceleration @, . After 2 seconds,
another body B starts from rest with an acceleration a,. If they

travel equal distances in the 5th second, after the start of A, then

the ratio @, : @, is equal to

65.

66.

67.
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70.
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[S—]
[ANMS 2001]

@ s5:9 b) 5:7

(€ 9:5 ) 9:7

The velocity of a bullet is reduced from 200m/s to 100m/s while

travelling through a wooden block of thickness 10cm. The

retardation, assuming it to be uniform, will be

[DCE 2000] [ATIMS 2001]
(@) 10x10* mys (b) 12x10* mys
() 13.5x10* mys (d) 15x10* mys

A body of 5 kg is moving with a velocity of 20 m/s. If a force of
100N is applied on it for 10s in the same direction as its velocity,
what will now be the velocity of the body

[MP PMT 2000; RPET 2001]
(b) 220 m/s
240 d) 260
(<) 4[EA"A%(S:ET (Engg.) 2000] () mls
A particle starts from rest, accelerates at 2 m/s for 10s and then

goes for constant speed for 30s and then decelerates at 4 m/s till it
stops. What is the distance travelled by it

[DCE 2001; AlIMS 2002; DCE 2003]
(b) 800 m
(d) 850 m
The engine of a motorcycle can produce a maximum acceleration 5

m/s. Tts brakes can produce a maximum retardation 10 m/s. What is
the minimum time in which it can cover a distance of 1.5 km

(@) 30 sec (b)
(c) 10 sec d)
THe path of a particle moving under the' influence of a force fixed in
magnitude and direétion,is

(@) 200 m/s

a) 750 m
c) 700 m

15 sec

5 sec

[MP PET 2002]
(@) Straight line (b) Circle
(c) Parabola d)
A car, moving with a speed of 50 km/hr, can be stopped by brakes

Ellipse

after at least 6m. If the same car is moving at a speed of 100 km/hr,
the minimum stopping distance is

[AIEEE 2003]
(@) 6m (b) 12m
() 18m (d) 2am
A student is standing at a distance of 50metres from the bus. As soon
as the bus begins its motion with an acceleration of 1ms;, the
student starts running towards the bus with a uniform velocity U.
Assuming the motion to be along a straight road, the minimum
value of U, so that the student is able to catch the bus is [KCET 2003]
(@ 5ms (b)
(c) 10 ms (d) 12 ms

A body A moves with a uniform acceleration @ and zero initial

8 ms

velocity. Another body B, starts from the same point moves in the
same direction with a constant velocity V. The two bodies meet
after a time 1. The value of T is

[MP PET 2003]

2v v
@) Y (b) Py

v v
0+ @ |~

A particle moves along X-axis in such a way that its coordinate X

varies  with time t according to  the equation

x=(2-5t+ 6t2)m . The initial velocity of the particle is
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90 Motion in one Dimension

[MNR 1987; MP PET 1996; Pb. PET 2004]
(@ -5m/s (b) 6m/s
() -3m/s (d)
A car starts from rest and moves with uniform acceleration a on a

straight road from time ¢ = 0 to ¢ = 7. After that, a constant
deceleration brings it to rest. In this process the average speed of

3m/s

the caris [MP PMT 2004]
aT 3aT
e by 2=

(a) 2 (b) 2

© = @ aT

An object accelerates from rest to a velocity 27.5 m/s in 10 sec then
find distance covered by object in next 10 sec

[BCECE 2004]
(@) 550 m
() 4125 m

(b) 1375 m
d) 275 m

If the velocity of a particle is given by V = (180—16X)1/2

) & K CET 2004]

m/s,
then its acceleration will be
(@) Zero (b) 8 mys
() -8 mys (d) 4 myss
The displacement of a particle is proportional to the cube of time
elapsed. How does the acceleration of the particle depends on time

obtained [Pb. PET 2001]
@) act? (b) ac2t
() acxt® (d act

Starting from rest, acceleration of a particle is a = 2(t —1). The
velocity of the particlerat = 5Sis
(@) 15 m/sec (b) '25/m/sec

() 5 m/seq (d) None of these

A body is moving with uniform acceleration describes 40 m in the

[RPET 2002]

first 5 sec and 65 min next 5 sec. Its initial velocity will be

(@) 4 mss (b) 2.5 m/s

(¢) 5.5 mss (d) nms

Speed of two identical cars are U and 4U at a specific instant. The
ratio of the respective distances in which the two cars are stopped
from that instant is [AIEEE 2002]
@ 1: (b) 1:4
() 1:8 (d) 1:16
The displacement X of a

particle varies with time

t,X= ae™ +be? , where a,b,aand [ are positive constants.

The velocity of the particle will ~ [CBSE PMT 2005]

(a) Go on decreasing with time

(b) Be independent of & and S

(c) Drop to zero when a = f

(d) Go on increasing with time
A car, starting from rest, accelerates at the rate /through a distance
S, then continues at constant speed for time ¢ and then decelerates

at the rate — to come to rest. If the total distance traversed is 15 S,
then [AIEEE 2005]
1., 1.,
S=—ft b) S =—ft
@) > (b) 2
() S L d S Ll

72
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84.

85.
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A man is 45 m behind the bus when the bus start accelerating from

rest with acceleration 2.5 my/s. With what minimum velocity should

the man start running to catch the bus ?

(@) 12 mfs (b) 14 mss

(c) 15 m/s (d) 16 mss

A particle moves along x-axis as
X =4(t-2)+a(t—2)°
Which of the following is true ? [J&K CET 2005]

a) The initial velocity of particle is 4

b) The acceleration of particle is 2a

c) The particle is at origin at =0

d) None of these

A body starting from rest moves with constant acceleration. The

ratio of distance covered by the body during the 5th sec to that

[Kerala PET 2005]

(
(
(
(

covered in 5 secis

(@) 9/25 (b) 3/5
(c) 25/9 (d) 125
What determines the nature of the path followed by the particle
(@) Speed (b) Velocity

(c) Acceleration (d) None of these

Relative Motion

Two trains, each 50 m long are travelling in opposite direction with
velocity 10 m/s and 15 m/s. The time of crossing is

@ 2s (b) 45

() 2V3s d) 443s

A 120 m long train is moving in a direction with speed 20 m/s. A
train Bymoving withs30,/m/simthe oppositeydirection and 130 m long
crosses thefirst train in a time

[CPMT 1996; Kerala PET 2002]
(a) 6s (b) 36s
JPb- PET 2003]
() 38s (d) None of these
A 210 meter long train is moving due North at a of 25m/s. A small

bird is flying due South a little above the train with speed 5m/s. The
time taken by the bird to cross the train is

[AMU (Med.) 2001]
(@ 6s (b) 7s
(c) 9s (d) 10s

A police jeep is chasing with, velocity of 45 km/h a thief in another
jeep moving with velocity 153 km/h. Police fires a bullet with muzzle

velocity of 180 my/s. The velocity it will strike the car of the thief is
(@) 150 m/s (b) 27 m/s
() 450 m/s (d) 250 mis

A boat is sent across a river with a velocity of 8 kmy/hr. If the
resultant velocity of boat is 10 km/Ar, then velocity of the river is :

(@) 10 km/hr (b) 8 km/hr
(c) 6 km/hr (d) 4 km/hr
A train of 150 meter length is going towards north direction at a
speed of 10m/sec. A parrot flies at the speed of 5 m/sec
towards south direction parallel to the railway track. The time taken
by the parrot to cross the train is

[CBSE PMT 1992; BHU 1998]
(b) 8 sec
(d) 10 sec

(a) 12 sec
(c) 15 sec

[CPMT 1999; JIPMER 2000;

[BHU 2003



A boat is moving with velocity of 3i+4] in river and water is

moving with a velocity of —3’i\—4] with respect to ground.
Relative velocity of boat with respect to water is :

[Pb. PET 2002]
@ -6i-8]j (b) 6i+8]
() 8i d 6i
The distance between two particles is decreasing at the rate of 6
mysec. If these particles travel with same speeds and in the same
direction, then the separation increase at the rate of 4 my/sec. The

particles have speeds as [RPET 1999]
(@) 5 mlsec;1 mjsec (b) 4 misec ;1 m]sec
(¢) 4 misec; 2 mjsec (d) 5 misec;2 misec

A boat moves with a speed of 5 km/h relative to water in a river
flowing with a speed of 3 km/h and having a width of 1 km. The
minimum time taken around a round trip is

[J&K CET 2005]
(b) 60 min
(d) 30 min

(@) 5 min
(¢) 20 min
For a body moving with relativistic speed, if the velocity is doubled,
then [Orissa JEE 2005]

(@) Tts linear momentum is doubled

(b) Tts linear momentum will be less than double
(c) 1lts linear momentum will be more than double
(d) 1ts linear momentum remains unchanged

A river is flowing from W to E with a speed of 5 m/min. A man can
swim in still water with a velocity 10 m/min. In which direction
should the 'man swim 'so as to take the shortest possible path\to go
to the south, [BHU 2005]

(b) 60° with downstream
(d) South

A train is moving towards east and a car is along north, both with

(@) 30° with downstream

(¢) 120° with downstream

same speed. The observed direction of car to the passenger in the

train is ) & K CET 2004]

(a) East-north direction (b) West-north direction
(c) South-east direction (d) None of these

An express train is moving with a velocity v. Its driver finds another
train is moving on the same track in the same direction with velocity
v. To escape collision, driver applies a retardation a on the train. the
minimum time of escaping collision will be

iV Vi -v5
a 2
(d) Both

Motion Under Gravity

A stone falls from a balloon that is descending at a uniform rate of
12 m/s. The displacement of the stone from the point of release
after 10 sec is

(@) 490 m (b) 510 M

(¢) 610 M (d) 725 m

A ball is dropped on the floor from a height of 10 m. 1t rebounds to

a height of 2.5 m. If the ball is in contact with the floor for 0.01 sec,
the average acceleration during contact is

(@) 2100m /sec? downwards (b) 2100m /sec? upwards

[BHI(JC3997]'_ §Pé/‘:rr1 1997] )

————

UNIVERSAL
SELF SCORER

[S—)

Motion in One Dimension 91
(c) 1400m/sec? (d) 700m/sec?
A body A is projected upwards with a velocity of 98m/s. The

second body B is projected upwards with the same initial velocity
but after 4 sec. Both the bodies will meet after

(@) 6 sec (b) 8 sec
(e) 10 sec (d) 12 sec
Two bodies of different masses M, and My are dropped from two
different heights @ and b . The ratio of the time taken by the two
to cover these distances are

[NCERT 1972; MP PMT 1993]

(@ a:b (b) b:a
(© +a:b (d a?:b?

A body falls freely from rest. It covers as much distance in the last
second of its motion as covered in the first three seconds. The body

has fallen for a time of [MNR 1998]
(@ 3s (b) 5s
() 7s (d) 9s

A stone is dropped into water from a bridge 44.1 m above the
water. Another stone is thrown vertically downward 1 sec later. Both
strike the water simultaneously. What was the initial speed of the
second stone

(a) 12.25 m/s (b)
() 16.23m/s (d)

An iron ball and a wooden ball of the same radius are released from
the same height in vacuum. They take the same time to reach the
ground. The reason for this is

14.75 m/s
17.15 m/s

(@) Acceleration due to gravityin vacuum is same irrespective of
the size and mass of the body

(b) Acceleration due to gravity in vacuum depends upon the mass

of the body

There is no acceleration due to gravity in vacuum

—~ =
n
N

d) In vacuum there is a resistance offered to the motion of the
body and this resistance depends upon the mass of the body
A body is thrown vertically upwards. If air resistance is to be taken
into account, then the time during which the body rises is
[RPET 2000; KCET 2001; DPMT 2001]
a) Equal to the time of fall
b) Less than the time of fall
) Gisater teen]the time of fall
(d) Twice the time of fall

A ball P is dropped vertically and another ball @ is thrown
horizontally with the same velocities from the same height and at

—~ o~ —

C

the same time. If air resistance is neglected, then

[MNR 1986; BHU 1994]
(a) Ball Preaches the ground first
(b) Ball @ reaches the ground first
(c) Both reach the ground at the same time
(d) The respective masses of the two balls will decide the time
A body is released from a great height and falls freely towards the
earth. Another body is released from the same height exactly one
second later. The separation between the two bodies, two seconds

after the release of the second body is
(@ 4.9m (b) 9.8m

24.5m

[CPMT 1983; Kerala PMT 20!
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An object is projected upwards with a velocity of 100 m /s . 1t will
strike the ground after (approximately)
[NCERT 1981; AFMC 1995]
(@) 10 sec (b) 20 sec
(c) 15 sec (d) 5 sec
A stone dropped from the top of the tower touches the ground in 4
sec. The height of the tower is about
[MP PET 1986; AFMC 1994; CPMT 1997; BHU 1998;
DPMT 1999; RPET 1999; MH CET 2003]

(@ 80m (b) 40m
() 20m (d) 160 m

A body is released from the top of a tower of height N. It takes t

20.

A stone thrown upward with a speed U from the top of the tower

reaches the ground with a velocity 3U . The height of the tower is
[EAMCET 1983; RPET 2003]

@) 3u?/g (b) 4u?/g

() 6u?lg (d 9u?/g

Two stones of different masses are dropped simultaneously from the

top of a building [EAMCET 1978]
(@) Smaller stone hit the ground earlier

(b) Larger stone hit the ground earlier

(c) Both stones reach the ground simultaneously
(

c
d) Which of the stones reach the ground earlier depends on the

sec to reach the ground. Where will be the ball after time t/2 sec [NCERT 1981; MP PMT528B8kition of the stone

(@) At h/2 from the ground

(b) At h/4 from the ground

(c) Depends upon mass and volume of the body

(d) At 3h/4 from the ground

A mass M slips along the wall of a semispherical surface of radius

R . The velocity at the bottom of the surface is

@ JRg
() 2Ry
(© 2JRg
@ JRg

A frictionless wire AB is fixed on a sphere of radius R A very gmall

[MP PMT 1993]

spherical ball slips omfthisiwirel The fime ftaken by"this ball*to slip
from A to Bis

2/9R

@ gcosé A
®) 2J9R. "059 /
© 28 ’

g
W = ¢

Jgcosé

A body is slipping from an inclined plane of height h and length |.
If the angle of inclination is @, the time taken by the body to come
from the top to the bottom of this inclined plane is

2h 2
a —_— b —
@ 9 (b) ;

1 2h . /Zh
(C) w E (d) SII‘]H E

A particle is projected up with an initial velocity of 80ft/sec. The
ball will be at a height of 96t from the ground after

(a) 2.0 and 3.0 sec
(c) Only at 2.0 sec

(b) Only at 3.0 sec
(d) After1and 2 sec

A body falls from rest, its velocity at the end of first second is

(g =32ft/sec) [AFMC 1980]
(a) 16 ft/sec (b) 32 ft/sec
() 64 ft/sec (d) 24 ft/sec

2L

22.

23.

24.

25.

26.

27.

A body thrown with an initial speed of 96 ft/Sec reaches the

ground after (g =32ft/sec?) [EAMCET 1980]
(a) 3 sec (b) 6 sec
(c) 12 sec (d) 8 sec

A stone is dropped from a certain height which can reach the
ground in 5 second. If the stone is stopped after 3 second of its fall
and then allowed to fall again, then the time taken by the stone to
reach the ground for the remaining distance is

(b) 3 sec
(d) None of these

(@) 2 sec
(c) 4 sec
A man in a balloon rising vertically with an acceleration of

4'9m/seE’ releases a ball 2 sec aftér the balloon is let go from
the ground. The greatest fheight above the ground reached by the

ball is (g = 9.8 m /sec?) [MNR 1986
(@ 147 m (b) 19.6 m
() 98 m (d) 245 m

A particle is dropped under gravity from rest from a height
h(g=9.8m /SECZ) and it travels a distance 9h/25 in the last

second, the height h is [MNR 1987]
(@) 100 m (b) 1225 m
() 45 m (d) 167.5 m

A balloon is at a height of 81 m and is ascending upwards with a
velocity of 12 m/s. A body of 2kg weight is dropped from it. If

g=10m /s? , the body will reach the surface of the earth in
(@ 15s (b) 4.025 s
() 545 (d 6755

An aeroplane is moving with a velocity U. It drops a packet from a

height h. The time t taken by the packet in reaching the ground

will be
2u
b —_
® [ g ]

T 1985]
g
(@) Wh
h
© [@]

Water drops fall at regular intervals from a tap which is 5 M above

the ground. The third drop is leaving the tap at the instant the first



28.

29.

30.

31

32.

33.

35.

drop touches the ground. How far above the ground is the second

drop at that instant [CBSE PMT 1995]
(@) 250 m (b) 375 m
(¢) 4.00 m (d) 125 m

A ball is thrown vertically upwards from the top of a tower at
4.9 ms. It strikes the pond near the base of the tower after 3
seconds. The height of the tower is

[Manipal MEE 1995]
(@) 735 m (b) 440 m
() 294 m (d) None of these

An aeroplane is moving with horizontal velocity U at height h.
The velocity of a packet dropped from it on the earth's surface will
be (g is acceleration due to gravity)

[MP PET 1995]

@) +u?+2gh ®) /2gh
() 2gh d) +u?-2gh

A rocket is fired upward from the earth's surface such that it creates
an acceleration of 19.6 m/sec. If after 5 sec its engine is switched off,
the maximum height of the rocket from earth's surface would be

(@) 245 m (b) 490 m
(¢) 980 m (d) 735 m

A bullet is fired with a speed of 1000 m/seC in order to hit a
target 100 77 away. If. =10 m/ 52 the gun should be aimed

a) Directly towards the target

(
(b
(

=

5 cm above the target
c) 10 cm above the target
(d) 15 cm above the target

A body starts to fall freely under gravity. The distances covered by it
in first, second and third second are in ratio

[MP PET 1997; RPET 2001]
(@ 1:3:5 (b) 1:2:3
() 1:4:9 (d 1:5:6
P,Q and R are three balloons ascending with velocities U,4U

and 8U respectively. If stones of the same mass be dropped from
each, when they are at the same height, then
(@) They reach the ground at the same time
(b) Stone from P reaches the ground first
(c) Stone from R reaches the ground first
(d) Stone from Q reaches the ground first

A body is projected up with a speed 'U' and the time taken by it is

Pick out the correct
[EAMCET (Engg.) 1995]

T to reach the maximum height H .
statement

(@) ltreaches H/2 in T/2 sec

(b) 1t acquires velocity U/2 in T/2sec

(¢) lts velocityis U/2 at H/2

(d) Same velocity at 2T

A body falling for 2 seconds covers a distance S equal to that
covered in next second. Taking g =10m /52,8 =

36.

37.

38.

39.

40;
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42,

43.

44.
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[S—]
[EAMCET (Engg.) 1995]
(@) 30m
(¢) 60 m
A body dropped from a height h with an initial speed zero, strikes

(b) 10m
(d) 20m

the ground with a velocity 3km /h . Another body of same mass is
height h with an initial speed
—u’'=4km /h . Find the final velocity of second body with which

[CBSE PMT 1996]

dropped from the same

it strikes the ground
(@) 3 km/h (b) 4 km/h
(c) 5 km/h (d) 12 km/h

A ball of mass m; and another ball of mass m, are dropped from

equal height. If time taken by the balls are t; and t, respectively,

then [BHU 1997]
t
@ t= 2 b t=t
2
ty
() 4 =4t d t = 7

With what velocity a ball be projected vertically so that the distance
covered by it in 5' second is twice the distance it covers in its 6

second (g =10m/s?)

[CPMT 1997; MH CET 2000]
(a) 5YMPRET 1995] (b) 49 m/s
(c) 65 mls (d) 19.6 m/s
A body sliding on a smooth inclined plane requires 4 seconds to
reach the bottom starting from rest at the top. How much time does
it take to cover one-fourth distance starting from rest at the top
(@m1s (b) 2s
(c) 44MP PET 1996] ) 163
A ball is driopped downwards. After 1 second another ball is dropped
downwards from the,same ‘point. What jis the distance between them

after 3 seconds [BHU 1998]
(@ 25 m (b) 20 m
() 50 m (d) 9.8 m

A stone is thrown with an initial speed of 49 m/s from a bridge in
vertically upward direction. It falls down in water after 2 sec. The
height of the bridge is [AFMC 1999; Pb. PMT 2003]
(@ 49 m (b) 9.8 m

() 19.8 m (d) 247 m

A stone is shot straight upward with a speed of 20 my/sec from a
tower 200 m high. The speed with which it strikes the ground is
approximately [AMU (Engg.) 1999]
(@) 60 my/sec (b) 65 my/sec

(c) 7d18MsBhanbad 1994] (d) 75 m/sec

A body freely falling from the rest has a velocity ‘v after it falls
through a height ‘4. The distance it has to fall down for its velocity

to become double, is [BHU 1999]
(a) 2h (b) 4h
() 6h (d) 8h

The time taken by a block of wood (initially at rest) to slide down a smooth

inclined plane 98 mlong (angle of inclination is 30° ) is
[JIPMER 1999]

1
~sec
@ 3

(b) 2 sec
4 sec
(d) 1sec v

—
g}
~
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Velocity of a body on reaching the point from which it was
[ATIMS 1999; Pb. PMT 1999]

@ v=0 (b)
(¢) v=0.5u (d)
A body projected vertically upwards with a velocity U returns to the

starting point in 4 seconds. If g =10 m/sec, the value of U is [KCET 199999

projected upwards, is
vV=2u
V=Uu

(@) 5 m/sec
(c) 15 m/sec

(b) 10 m/sec
(d) 20 m/sec

Time taken by an object falling from rest to cover the height of h;

it remained in the air

ball and for how much time (T)

[g =10m/s?] [MP PET 2001]
(@) w=10mls T=2s (b) w=10 mls T=4s
() u=20ms T=2s (d) wu=20mls T=4s

A particle when thrown, moves such that it passes from same height
at 2 and 10s, the height is [UPSEAT 2001]

@ ¢ (b) 2g
(c) 59 (d) 10g

and h, is respectively t; and t, then the ratio of t; to t, is[RPMT 19996RPET0R&] different objects of masses m;,m, and M, are allowed to

@@ hyth,

) hy

() hy:2h, ) 2h:h

A body is thrown vertically up from the ground. It reaches a
maximum height of 100/, in 5sec. After what time it will reach the
ground from the maximum height position

[Pb. PMT 2000]
(@) 1.2 sec (b) 5 sec
(d) 25 sec 57.

A body thrown vertically upwards with an initial velocity U reaches

() 10 sec

maximum height in 6 seconds. The ratio of the distances travelled
by the body in the first second and the seventh second is[EAMCET (Engg.) 2000]

@@ 1:1 (b) m:1
() 1:2 (d) 1:m
A particle is thrown vertically upwards. If its velocity at half of the 58.
maximum height is 10 /s, then maximum height attained by_it is
(Take g =10 a/s)
[CBSE"PMT 2001, 2004]
(@) 8m (b) 10'm
() 12m (d) 16 m
A body, thrown upwards with some velocity, reaches the maximum 39
height of 20m. Another body with double the mass thrown up, with
double initial velocity will reach a maximum height of ~ [KCET 2001]
(@) 200 m (b) 16 m
() 80m (d) 40m
A balloon starts rising from the ground with an acceleration of 1.25
mjs after 8s, a stone is released from the balloon. The stone will 6o.
(g=10 mys) [KCET 2001]
(a) Reach the ground in 4 second
(b) Begin to move down after being released 61.
() Have a displacement of 50 m
(d) Cover a distance of 40 m in reaching the ground
A body is thrown vertically upwards with a velocity U. Find the true
statement from the following [Kerala 2001]
(a) Both velocity and acceleration are zero at its highest point 62.
(b) Velocity is maximum and acceleration is zero at the highest
point
(c) Velocity is maximum and acceleration is § downwards at its
highest point
(d) Velocity is zero at the highest point and maximum height 63.

reached is U? /29

A man throws a ball vertically upward and it rises through 20 m
and returns to his hands. What was the initial velocity (U) of the

fall from rest and from the same point ‘O along three different
frictionless paths. The speeds of the three objects, on reaching the
ground, will be in the ratio of

[ANMS 2002]

(@ my:m,:m, (b) my :2m, :3m;,

1 1 1

() 1:1:1 d —i—:i—
m; My My

From the top of a tower, a particle is thrown vertically downwards
with a velocity of 10 m/s. The ratio of the distances, covered by it in

the 3+ and 2 seconds of the motion is (Take g =10m /Sz)

[AIMS 2000; CBSE PMT 2002]
@ 5:7 (b) 7:5
() 3:6 (d) 6:3
Two balls A and B of same masses are thrown from the top of the
building. A, thrown upward with velocity V and B thrown
downward with velocity V, then [AIEEE'2002]
(@) Velocity of A i§'more ghan}B at thé grownd
(b) Velocity of Biis more|than A at the ground
(c)" Both”A & 'B strike'the grotind with same velocity
(d) None of these
A ball is dropped from top of a tower of 100m height.
Simultaneously another ball was thrown upward from bottom of the

tower with a speed of 50 m/s (g =10m /52). They will cross each

other after [Orissa JEE 2002]
(a) 1s (b) 2s
() 3s (d) 4s

A cricket ball is thrown up with a speed of 19.6 ms. The maximum
height it can reach is [Kerala PMT 2002]

(@) 9.8 m (b) 19.6 m

() 294 m (d) 392 m

A very large number of balls are thrown vertically upwards in quick
succession in such a way that the next ball is thrown when the
previous one is at the maximum height. If the maximum height is

5m, the number of ball thrown per minute is (take g =10 ms ) [KCET 200!
(a) 120 (b) 8o

() 60 (d) 40

A body falling from a high Minaret travels 40 meters in the last 2

seconds of its fall to ground. Height of Minaret in meters is (take

g=10m/s?) [MP PMT 2002]
(a) 60 (b) 45
(c) 8o (d) so0

A body falls from a height h=200m (at New Delhi). The ratio of
distance travelled in each 2 sec during £= 0 to t=6 second of the
[BHU 2003; CPMT 2004]
(a) 1:4:9 (b) 1:2:4
(c) 1:3:5 (d) 1:2:3

journey is



64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

A man drops a ball downside from the roof of a tower of height 400
meters. At the same time another ball is thrown upside with a
velocity 50 meter/sec. from the surface of the tower, then they will
meet at which height from the surface of the tower
(@) 100 meters (b) 320 meters
(c) 80 meters (d) 240 meters

Two balls are dropped from heights h and 2h respectively from
the earth surface. The ratio of time of these balls to reach the earth
is [CPMT 2003]

@ 1:42 b) V2
() 2:1 d) 1:4
The acceleration due to gravity on the planet A is 9 times the

acceleration due to gravity on planet B. A man jumps to a height of

2m on the surface of A. What is the height of jump by the same
person on the planet B [CBSE PMT 2003]

(@) 18m (b) 6m
2 2
(c) 3" () 3m

A body falls from rest in the gravitational field of the earth. The

distance travelled in the fifth second of its motion is
(9 =10m/s?) [MP PET 2003]
(@) 25m (b) 45m
() 90m (d) 125m

If a body is thrown up with the velocity of 15 m/s then maximum
height attained by the body is (g = 10 m/s)

[MP PMT 2003]
(@) n2s m (b) 162 m
(¢) 245 m (d) 7.62m
A balloon is rising vertically up with a velocity of 29 ms. A stone is
dropped from it and it reaches the ground in 10 seconds. The height
of the balloon when the stone was, dropped.from itis.(g = 9.8, ms")
(@) 100 m (b)! 200 m
(c) 400 m (d) 150 m
A ball is released from the top of a tower of height 4 meters. It
takes 7'seconds to reach the ground. What is the position of the ball
in 773 seconds [AIEEE 2004]
(@) hl9 meters from the ground
(b) 7h/9 meters from the ground
(c) 8A/9 meters from the ground
(d) 17h18 meters from the ground
Two balls of same size but the density of one is greater than that of
the other are dropped from the same height, then which ball will
reach the earth first (air resistance is negligible)
(a) Heavy ball
(b) Light ball
(c¢) Both simultaneously
(d) Will depend upon the density of the balls
A packet is dropped from a balloon which is going upwards with the
velocity 12 m/s, the velocity of the packet after 2 seconds will be
(@) —12 mfs (b) 12 mys
(¢) -7.6 m/fs (d) 7.6 mys
If a freely falling body travels in the last second a distance equal to
the distance travelled by it in the first three second, the time of the

travel is [Pb. PMT 2004; MH CET 2003]
(a) 6 sec (b) 5 sec
(c) 4 sec (d) 3 sec

The effective acceleration of a body, when thrown upwards with
acceleration a will be :

[Pb. PMT 2004]
@ Va-g? (b) ya?+g?

© @-9) @) (a+9)
A body is thrown vertically upwards with velocity u. The distance
travelled by it in the fifth and the sixth seconds are equal. The
velocity u is given by (g = 9.8 m/s)

[UPSEAT 2004]

76.

77.

78.

79.

80.
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(@) 245 m/s (b) 49.0 m/s

() 73.5 m/s (d) 98.0 m/s

A body, thrown upwards with some velocity reaches the maximum

height $¢€maTR0A3other body with double the mass thrown up with

double the initial velocity will reach a maximum height of

(@) 100 m (b) 200 m

() 300 m (d) 400 m

A parachutist after bailing out falls 50 m without friction. When

parachute opens, it decelerates at 2 m/s. He reaches the ground with

a speed of 3 m/s. At what height, did he bail out ?

(a) 293 m (b) mm

() 9rm (d) 182 m

Three particles A, Band C are thrown from the top of a tower with

the same speed. A is thrown up, B is thrown down and C is

horizontally. They hit the ground with speeds V,, Vg and V.

respectively. [Orissa JEE 2005]

@ Va=Vs=Vc (b) Va=Vg >V

() Vg >Ve >V, (d) Vp >Vg =V,

From the top of a tower two stones, whose masses are in the ratio 1

: 2 are thrown one straight up with an initial speed v and the

second straight down with the same speed wu. Then, neglecting air

resistance [KCET 2005]

(@) The heavier stone hits the ground with a higher speed

(b) The lighter stone hits the ground with a higher speed

(c) Both the stones will have the same speed when they hit the

ground.

(d) The speed can't be determined with the given data.

When a ball is thrown up vertically with velocity V,, it reaches a
Kcngraéiom m height of '/ If one wishes td triple the maximum height
[ then the ball should™be'threwnwith velocity

@) W3V, L) 18V,

() 9V, d) 3/2v,

An object start sliding on a frictionless inclined plane and from same

height another object start falling freely

[RPET 2000]

(@) Both will reach with same speed

(b) Both will reach with same acceleration

(c) Both will reach in same time

(d) Nqpg & @bpooa)

T Critical Thinking
(P BAAT 3004 Objective Questions

A particle moving in a straight line covers half the distance with

speed of 3 my/s. The other half of the distance is covered in two

equal time intervals with speed of 4.5 m/s and 7.5 m/s respectively.

The average speed of the particle during this motion is

(@) 4.0 m/s (b) 5.0 m/s

(¢) 5.5 m/s (d) 4.8 mss

The acceleration of a particle is increasing linearly with time t as

bt . The particle starts from the origin with an initial velocity v,

The distance travelled by the particle in time t will be

@) v0t+%bt2 (b) v0t+%bt3
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Vot +—=Dbt d) v,t+—=Dbt
(c) 0 6 () 0 2

The motion of a body is given by the equation d(\j/?) =6.0 — 3v(t).

where V(t) is speed in m/s and t in Sec. If body was at rest at
t=0 [NIT-JEE 1995]
(@) The terminal speed is 2.0 m/s

-3t

(b) The speed varies with the time as V(t)=2(L—e>')m/s

() The speed is 0.1m /S when the acceleration is half the initial
value
(d) The magnitude of the initial acceleration is 6.0m /s?

A particle of mass M moves on the x-axis as follows : it starts from
rest at t=0 from the point X =0 and comes to rest at t=1 at
the point X =1. No other information is available about its motion
at intermediate time (0 <t<1). If @ denotes the instantaneous

acceleration of the particle, then [NITJEE 1993]
(@) @ cannot remain positive for all t in the interval 0 <t <1

(b) | @| cannot exceed 2 at any point in its path

() | @| must be >4 at some point or points in its path

(d) «a must change sign during the motion but no other assertion
can be made with the information given

A particle starts from rest. Its acceleration (a) versus time (£) is as

shown in the figure. The maximum speed of the particle will be [ITJEE (Screening) 2004]{
a

(@) mo mys y
b

( ) 55 m/s 10 m/s
() 550 m/s

(d) 660 my/s

A car accelerates from rest at a constant ratg O oH8ome time, after
which it decelerates at a constant rate /3 and comes to rest. If the

total time elapsed is ¢ then the maximum velocity acquired by the
car is

a? + p?
(@) (—aﬂ Jt

[T 1978; CBSE PMT 1994]

2 p2
(b) (—a aﬂﬂ Jt
(a+ p)t afit
af a+p

A stone dropped from a building of height h

(c) (d)
and it reaches after
t seconds on earth. From the same building if two stones are

thrown (one upwards and other downwards) with the same velocity
v and they reach the earth surface after t; and t, seconds

respectively, then
[CPMT 1997; UPSEAT 2002; KCET 2002]

ot
2

@ t=tt]

@ t=t, —t, b) t

() t= \/tltz

A ball is projected upwards from a height h above the surface of
the earth with velocity V. The time at which the ball strikes the
ground is

@

l+2h_9
g V2 g

© é{u /1+2v—92h:| (d) é{u fv? +279}

A particle is dropped vertically from rest from a height. The time
taken by it to fall through successive distances of 1 m each will then
be [Kurukshetra CEE 1996]

(a) All equal, being equal to /2/Q second
(b) In the ratio of the square roots of the integers 1, 2, 3.....

(c) In the ratio of the difference in the square roots of the integers
ie. V1,2 = V1), (/3 =V2),(J4 —/3) ...

(d) In the ratio of the reciprocal of the square roots of the integers

‘e 1 1 1 1

V2 3 s
A man throws balls with the same speed vertically upwards one
after the other at an interval of 2 seconds. What should be the speed
of the throw so that more than two balls are in the sky at any time
(Given g =9.8m/s?)

[CBSE PMT 2003]

a) Atleast 0.8 m/s
b) Any speed less than 19.6 m/s
c) Only with speed 19.6 m/s
d) More than 19.6 m/s
If a ball is thrown vertically upwards with speed U, the distance

(
(
(
(

covered during the last ¢ seconds of its ascent is
[CBSE PMT 2003]
1
= gt?f b) ut==gt?
59 (b) 59
() (u—gtht (d) utd
A small block slides without friction down an inclined plane starting

from rest. Let S, be the distance travelled from time t=n-1 to

=N. Then T s
n+l
[NT-JEE (Screening) 2004]
2n-1 2n+1
(b)
2n 2n-1
2n-1 2n
(d)
2n+1 2n+1

QGraphicaI Questions

The variation of velocity of a particle with time moving along a

straight line is illustrated in the following figure. The distance
travelled by the particle in four seconds is
[NCERT 1973]
—~ 30
(@) 60 m N
< 20 . )
®) 5 m o
s 0 : b
() 25 M > ' .
o \ I
(d) 30m 1 2 3 4

Time in second



2.

The displacement of a particle as a function of time is shown in the
figure. The figure shows that

[CPMT 1970, 86]
/0] i

Displacement
=
T

0 10 20 30 40
(@) The particle starts Timenin ssend velocity but the motion is

retarded and finally the particle stops

(b) The velocity of the particle is constant throughout
(c) The acceleration of the particle is constant throughout.

(d) The particle starts with constant velocity, then motion is
accelerated and finally the particle moves with another constant
velocity

A ball is thrown vertically upwards. Which of the following
graph/graphs represent velocity-time graph of the ball during its
flight (air resistance is neglected)

[CPMT 1993; AMU (Engg.) 2000]
V4 >ﬁt
(b)
~N

<

—t

@ A
() C

b) B
(d D

The graph between the displacement X and time t for a particle

moving in a straight line is shown in figure. During the interval
OA, AB,BC and CD, the acceleration of the particle is

OA, AB, BC, CD
a) + 0 + +
b) - 0+ 0
c) + o] - +

d) - 0 - 0

Displacement

C

(
(
(
(

A B

o
The V—1 graph of a moving object is givenmin; figuye. Xl"he

maximum acceleration is [NCERT 1972]

O ,

= 1
g 60} i
@ 1
£ 1
= 40 |- 1
z i
o '
=} 1
< 20}f------— '
> 1 1
1 1

o , : :

10 20 30 40 50 60 70 80

Time (sec.)
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(@) dcm/secc? (b) 2cm/sec?
(c) 3 cm/sec? (d) 6 cm/sec?

The displacement versus time graph for a body moving in a straight
line is shown in figure. Which of the following regions represents
the motion when no force is acting on the body

X e
d
b c
(a) ab Tir(Tl‘ae) bc 4
() cd (d) de

The X —t graph shown in figure represents [CPMT 1984]

Displacement

a) Constant velocity
Time (£

b) Velocity of the body is continuously changing

Instantaneous velocity

The_body travels with_constant speed upto time t; and then
stops

A lift is"going up. The'variation in the speed of the lift is as given in
the graph. What is the height to which the lift takes the passengers

a) 36m
b) 288 m

Velocity (m/sec)
—,
w
)}

c) 36.0 M

PM'
d) Car[l(r:lot Eelgcsa éu]ated from

(
(
(
(

e above graph

2 ; 10 12
The velocity-time graph of a body moving e s(fqr?z??ght_)iine is shown
in the figure. The displacement and distance travelled by the body in 6

sec are respectively [MP PET 1994]

5_
4
3_
= 27
£ 1
o ; ; ;
Wl 2 3 4 5 6
;: (sec) —>
(@) 8 m 16 m (b) 16 m, 8 m
() 16 m 16 m (d) 8m8m

Velocity-time (v-£) graph for a moving object is shown in the figure.
Total displacement of the object during the time interval when there
is non-zero acceleration and retardation is

10 20 30 40 50 60

PR
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16. An object is moving with a uniform acceleration which is parallel to
its instantaneous direction of motion. The displacement
p
(a) 60 m
S) — velocity (v) graph of this object is
) 50 ty (v) grap j

m

[SCRA 1998; DCE 2000; AlIMS 2003; Orissa PMT 2004]
() 30 m

S

(d) 40 m
Figures (i) and (ii) below show the displacement-time graphs of two () (b)
particles moving along the x-axis. We can say that [Kurukshetra CEE 1996]

v

X X

l l s

s
\4
s
() (d)
—>t () —> ¢t (i)
(@) Both the particles are having a uniformly accelerated motion 17. Whiclf of g following graph represents fipiform motion
v v
(b) Both the particles are having a uniformly retarded motion [DCE 1999]
/ ®)
T ——

For the velocity-time graph shown in figure below the distance t—> -
covered by the body in last two seconds of its motion is what
fraction of the total distance covered by it in all the seven seconds  [MP PMT/PET 1998; RPET 2001]

(c) Particle (i) is having a uniformly accelerated motion while
particle (ii) is having a uniformly retarded motion

—_—
@ —

»

(d) Particle (i) is having a uniformly retarded motion while particle (a)
(ii) is having a uniformly accelerated motion

10 |

—
Y
~

 —

: ! i
\ 1 s

? T8 : : (c) (d)

1 2 : :
b)) — EelL : : .

4 > ' ' t —> t——

1 3 om| | ! 18. A ball ds=dropped yerticallysfrom a heighty dssabove the ground. 1t
() 3 =3 E E hits the ground and bounces up vertically to a height d/2.

'y ; ; Neglecting’ subsequent’ motion” and! air resistance, its velocity V

(d) 3 . :; ; 5' . - varies with the height h above the ground is

3 Time (sec) —>
In the following graph, distance travelled by the body in metres is V [EAMCET 1994] v
(a) 200 T 15 (a) 5 (b) ; A
(b) 250 « 10

3
() 300 .
(d) 400 v v
1
Velocity-time curve for a gody projested vertically upwards igo X [EAMCET (Med.) 1995; AIIMS 1999;
Time (s) P5-PMT 2004; BHU 2004] J J
(a) Parabola (b) Ellipse () h () h
() Hyperbola (d) Straight line
The displacement-time graph of moving particle is shown below
19. The graph of displacement /s time is

t

s

Displacement

The instantaneous vel e point [CBSE PMT 1994]

—
Time t Its corresponding velocity-time graph ‘will be DCE 2001
@ D b F P g ty grap [ ]

© C d E 1 i 1
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21.

22.

23.

24.
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A train moves from otre=station to anothér in 2 hoérs>time. lts

speed-time graph during this motion is s

maximum acceleration during the journey is

hown in the figure. The

[Kerala PET 2002]

100
-
=
E 60
-
£ 40
T 2 8¢ ~N
@ M M E
A 0.25 0.75 1.00 1.5 2.00
(@) 140 km i (bJrim6dn honfs —>
(c) 100 km A (d) 120 km A

The area under acceleration-time graph gives

(a) Distance travelled
(¢) TForce acting

air resistance is not ignored

t i ®)

Time —>

i i ()

. Ti —> . .
Which graph représents the uniform acceleration

!
@ (b)

@)

Speed —

()

Speed —

T t —>
s

‘-

[Kerala PET 2005]

(b) Change in acceleration

(d) Change in velocity

A ball is thrown vertically upwards. Which of the following plots
represents the speed-time graph of the ball during its height if the

()

!

s

!

s

Speed —>

Speed —

[AIIMS 2003]

Time —>

Time —>

[DCE 2003]

 EEE——
t —>

Which of the fg"mng velocity-time graphs shbws~a realistic

situation for a body in motion

v

A%
O

[AIIMS 2004]

(c)

————
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(d)

25. Which of the following velocity-time graphs represent uniform

motion

v

[Kerala PMT 2004]

(c)

(d)

26.  Acceleratiortme—grapt® 6f a body is showm—The—ormesponding
velocity-time graph of the same body is

[DPMT 2004]

of Mo

— ¢ t

27.  The given graph shows the variation of velocity with displacement.

Which one of the graph given below correctly represents the

variation

(c)

of acceleration with displacement

[NT-JEE (Screening) 2005]

28. The accel

Yo
X
Xo
a
S (b) \
X X
a
X X
eration-time graph of a body is sh m&:w



29.

30.
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The most probable velocity-time graph of the body is

1% 1%

(©) (d)

t t

From the following displacement-time graph find out the velocity of
a moving body

30°
o —_
Displacement (meter)

1
(@) —F— mis (b) 3 mis
v3
© V3 mis @ 3
The v—t plot of a moving object is shown in the figure. The

average velocity of the object during the first 10 seconds is

Velocity (ms")

Time (sec)

R Assertion & Reason

For ATIMS Aspirants

Read the assertion and reason carefully to mark the correct option out of

the options given below:

Read the assertion and reason carefully to mark the correct option out of

the options given below:

@)
®)
(©

@)
(€

If both assertion and reason are true and the reason is the correct
explanation of the assertion.

If both assertion and reason are true but reason is not the correct
explanation of the assertion.

If assertion is true but reason is false.

If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion A body can have acceleration even if its velocity is
zero at a given instant of time.

Reason A body is momentarily at rest when it reverses its
direction of motion.

Assertion Two balls of different masses are thrown vertically
upward with same speed. They will pass through
their point of projection in the downward direction
with the same speed.

Reason The maximum height and downward velocity
attained at the point of projection are independent
of the mass of the ball.

Assertion If the displacement of the body is zero, the distance
covered by it may not be zero.

Reason Displacement is a vector quantity and distance is a
scalar quantity.

Assertion The average velocity of the object over an interval
of time is either smaller than or equal to the
average speed of the object over the same interval.

Reason Velocity is a vector quantity and speed is a scalar
quantity.

Assertion An object can have gonstant speed but variable
velocity.

Reason Speed is a scalar but velocity is|a vector quantity.

Assertion The'speed ofa body can be negative.

Reason If the body is moving in the opposite direction of
positive motion, then its speed is negative.

Assertion The position-time graph of a uniform motion in one
dimension of a body can have negative slope.

Reason When the speed of body decreases with time, the
position-time graph of the moving body has
negative slope.

Assertion A positive acceleration of a body can be associated
with a ‘slowing down’ of the body.

Reason Acceleration is a vector quantity.

Assertion A negative acceleration of a body can be associated
with a ‘speeding up’ of the body.

Reason Increase in speed of a moving body is independent
of its direction of motion.

Assertion When a body is subjected to a uniform acceleration,
it always move in a straight line.

Reason Straight line motion is the natural tendency of the
body.

Assertion Rocket in flight is not an illustration of projectile.
Reason Rocket takes flight due to combustion of fuel and does
not move under the gravity effect alone.

Assertion The average speed of a body over a given interval of

time is equal to the average velocity of the body in
the same interval of time if a body moves in a
straight line in one direction.
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21.

22,

23.

24.

25.

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Because in this case distance travelled by a body is
equal to the displacement of the body.

Position-time graph of a stationary object is a
straight line parallel to time axis.

For a stationary object, position does not change
with time.

The slope of displacement-time graph of a body
moving with high velocity is steeper than the slope
of displacement-time graph of a body with low
velocity.

Slope of displacement-time graph = Velocity of the
body.

Distance-time graph of the motion of a body having
uniformly accelerated motion is a straight line
inclined to the time axis.

Distance travelled by a body having uniformly
accelerated motion is directly proportional to the
square of the time taken.

A body having non-zero acceleration can have a
constant velocity.

Acceleration is the rate of change of velocity.

A body, whatever its motion is always at rest in a
frame of reference which is fixed to the body itself.

The relative velocity of a body with respect to itself
is zero.

Displacement of a body may be zero when distance
travelled by it is not zero.

The displacement is the longest distance between
initial \and final position.

The equation of \motion can be applied only |if
acceleration is along the direction of velocity and is
constant.

If the acceleration of a body is constant then its
motion is known as uniform motion.

A bus moving due north takes a turn and starts
moving towards east with same speed. There will be
no change in the velocity of bus.

Velocity is a vector-quantity.

The relative velocity between any two bodies
moving in opposite direction is equal to sum of the
velocities of two bodies.

Sometimes relative velocity between two bodies is
equal to difference in velocities of the two.

The displacement-time graph of a body moving
with uniform acceleration is a straight line.

The displacement is proportional to time for
uniformly accelerated motion.

Velocity-time graph for an object in uniform
motion along a straight path is a straight line
parallel to the time axis.

In uniform motion of an object velocity increases as
the square of time elapsed.

A body may be accelerated even when it is moving
uniformly.

When direction of motion of the body is changing
then body may have acceleration.

A body falling freely may do so with constant

velocity.
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Reason The body falls freely, when acceleration of a body is
equal to acceleration due to gravity.
26. Assertion Displacement of a body is vector sum of the area
under velocity-time graph.
Reason Displacement is a vector quantity.
27. Assertion The position-time graph of a body moving
uniformly is a straight line parallel to position-axis.
Reason The slope of position-time graph in a uniform
motion gives the velocity of an object.
28. Assertion The average speed of an object may be equal to
arithmetic mean of individual speed.
Reason Average speed is equal to total distance travelled
per total time taken.
20. Assertion The average and instantaneous velocities have same
value in a uniform motion.
Reason In uniform motion, the velocity of an object
increases uniformly.
30. Assertion The speedometer of an automobile measure the
average speed of the automobile.
Reason Average velocity is equal to total displacement per
total time taken.
Distance and Displacement
a a \3 c a 5 b
C !
Uniform Motion
1 d 2 d 3 b 4 b 5 c
6 d 7 a 8 b 9 d 10 c
11 (] 12 d 13 d 14 b 15 b
16 d 17 c 18 c 19 d 20 b
21 a 22 b 23 b 24 c
Non-uniform Motion
1 b 2 c 3 d 4 a 5 a
6 ac 7 a 8 d 9 b 10 a
11 b 12 c 13 b 14 a 15 b
16 d 17 c 18 a 19 c 20 b
21 a 22 c 23 a 24 d 25 c
26 b 27 c 28 d 29 c 30 a
3 c 32 a 33 d 34 a 35 b
36 a 37 b 38 d 39 d 40 b
41 b 42 c 43 b 44 c 45 b
46 d 47 b 48 a 49 b 50 b
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5 ¢ 5 ¢ 53 a 54 a 5 ¢ 6 7 d 8 9 10
5 d 57 d 58 d 5 b 60 d 11 2 b 13 14 15
61 ¢ 62 b 63 b 64 a 65 d 16 17 a 18 19 20
6 b 67 a 68 a 69 a 70 d 21 2 23 24 25
M ¢ 72 a 73 a 4 ¢ 5 ¢ 26 21 a 28 29 30
76 c 77 d 78 a 79 c 80 d 5
Assertion and Reason
81 d 82 ¢ 8 ¢ 84 b 85 a
86 d 1 2 a 3 4 5
6 7 c 8 9 10

Relative Motion " 12 a 3 1 15
1 b 2 p 3 b 4 a 5 . 16 17 a 18 19 20
6 d 7 b 8 a 9 d 10 c 2 - 4 %
1 < 2 b B a 26 21 e 28 29 30

Motion Under Gravity
1 c 2 b 3 d 4 c 5 b
6 a 7 a 8 b 9 c 10 d
1 b 12 a 13 d 1% b 15 ¢
16 ¢ 17 a 18 b 19 b 20 ¢
21 b 2 c 23 a 4 b 5 c
26 d 270 [ b c a d
31 b 2 a 3 b 3 b 3% a
3% ¢ 3 b 38 ¢ 39 b 40 a
4 2 b 48 b 4 b 45 d
46 d 4 b 48 b 49 b 5 b
5 ¢ 5 a 5 d 54 d 5 d
56 ¢ 57 b 58 ¢ 5 b 60 b
61 ¢ 62 b 63 ¢ 64 ¢ 65 a
66 a 67 b 68 a 69 b 0 ¢
M ¢ 2 ¢ 73 b 4 ¢ 75 b
7% b 77 a 78 a 79 ¢ 80 a
81 a
Critical Thinking Questions
1 a 2 c 3 abd 4 ad 5 b
6 d 7 c 8 c 9 c 10 d
11 a 12 c
Graphical Questions

1 b 2 a 3 d 4 b 5 d




S Answers-and Solutions

Distance and Displacement

L r=yx? 4yt 422
r=v62+82+10% =10v2 m

2. () F=20i+10]j

F:x?+y]+zlz

1. (@)

. r=4202+102 =225 m

From figure, a&zo)i+30], E:20}+O]

20m
A B

C -

>

BC = —304/2 c0s45°i — 3042 sin45°j =-30i-30 j

.. Net displacement, OC=0A+AB+BC =-10i+0 ]
|0C =10 m.

An aeroplane flies 400 77 nonth and 300 m south.so the net
displacement is 100 /7 towards north.

Then it flies 1200 77 upward so I =4/(100)? + (1200)?

=1204m=1200m

The option should be 1204 m, because this value mislead one
into thinking that net displacement is in upward direction only.

Total time of motion is 2 min 20 sec = 140 sec.

As time period of circular motion is 40 sec so in 140 sec.
athlete will complete 3.5 revolution ie, He will be at

diametrically opposite point ie., Displacement = 2R.

6 (c¢) Horizontal distance covered by the wheel in half revolution =
7R.
A" Final
2R
Alfe———
R

Initial
So the displacement of the point which was initially in contact

(R)* +(2R)?
“RYZZ+4 =z +4

Uniform Motion

with ground = AA’=

(AsR =1m)

.

(@)

—~
n a.
—_ =
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As the total distance is divided into two equal parts therefore
2v,v
distance averaged speed = =12
Vy +V,

vV, tand,  tan30° _1/\/5_1

vg tanfy  tan60° /3 3

2viv,  2x20x30
vy +V, 20+30

Distance average speed =

=@=24 km /hr

2viv, 2x25x4
vV, +V, 25+4

Distance average speed =

—ﬂzﬂkm/hr

T 65 13
2v,v,  2x30x50

Distance average speed =

vy +V, 30+50
=E:37.5 km /hr
2
Total distance X
Average speed = - =
Total time L+t
X 1
SXI3_ax/3 0 1 cekm/hr
+ +
A vy 3x20 3x60
Time average/speed Vl% = pO ;— " = 60km /hr.

Distance travelled by train in first 1 houris 60 km and distance
in next 1/2 hour is 20 km.

Total distance 60 + 20
Total time 3/2

So Average speed =

=53.33 km /hour

Total distance to be covered for crossing the bridge

= length of train + length of bridge
=150m +850m =1000m

Time — Dlstar?ce _ 1000 _ 80 sec
Velocity 45, 5
18

Displacement of the particle will be zero because it comes back
to its starting point

Total distance 30m
Average speed = - = =3m/s
Total time 10 sec

. . Total diplacement

Velocity of particle = -
Total time
Diameter ofcircle 2x10
= = =4m/s
5
A man walks from his home to market with a speed of
5 km /h Distance= 2.5 km and time= E = 25—5 = %hr .
%
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|

20.

21.

22.

23.

(b) Time average velocity =

@

(b)

(b)
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and he returns back with speed of 7.5 km /h in rest of time
of 10 minutes.

Distance = 7.5 x 2 =1.25 km
60
Total distance
Total time
_ (2.5 +1.25)km :ﬁkm Ihr.
(40/60)hr 8
| Averagevelocity] | displacement| <1
| Averagespeed | | distance|]

So, Average speed =

because displacement will either be equal or less than distance.
It can never be greater than distance.

Total distancetravelled
Total time taken
X AR

2X/5+3X/5 3v; +2v,
Vi Va

Average speed =

From given figure, it is clear that the net displacement is zero.
So average velocity will be zero.

Since displacement is always less than or equal to distance, but
never greater than distance. Hence numerical ratio of
displacement to the distance covered is always equal to or less
than one.

Length of train = 100 m
Velocity of train=45 km /hr =45 x % =125m/s

Length of bridge = 1 km = 1000 m
.". Total length /covered by train = 1100 m
100
Time taken by train to cross the bridge = 125 - 88 sec
Vy +V, +V3
3

When the body is projected vertically upward then at the
highest point its velocity is zero but acceleration is not equal to

zero (g =9.8m /Sz).
Let initial velocity of the bullet = v

:3+4_+5:4m/s

u
After penetrating 3 cm its velocity becomes 2

From v2 =u? —2as

2 Target
u
=] =u? —2a(3) u A Bu2 Vv=0
2, T L .-
“«— x—>
u? u?
= 6a=— = a=— —
8 3 cm

Let further it will penetrate through distance x and stops at
point C.

For distance BC, v:O,u:u/2,s:x,a:u2/8

2 2 u) u?
From V- =u“—-2as=0= E -2 ? X=>X=1 cm

Let two boys meet at point C after time '¢ from the starting.
Then AC=vt, BC =t

24.

(@)

O)
(ac)
O)

(AC)? = (AB)? +(BC)* = Vv?t* =a® +vit?

2
: a
By solving we get t = [———
Ve —v;
= 2v,V, _2x40x60 — 48kmph.
vV, +V, 100
Non-uniform Motion
1 2 . 1 2 .
As S =ut+zat .S, =Ea(10) =50a .. @)

As v=u-+at .. velocity acquired by particle in 10 sec
v=ax10

For next 10 sec, S, =(10a)x10 +%(a)><(10)2

s,=1%0a .. (ii)
From (i) and (i) S; =S, /3

°x
Acceleration = =2a,

t2

X
Velocity along X-axis V, = C(ji_t = 2at

Velocity along Y-axis V, = Z—)t/ = 2bt

Magnitude oflvelocity of the particle,

v ‘/vf Vs 2tda? + g2

3
3 3
S=J.vdt=J-ktdt=[£kt2} L oxo—om
0 0 2 0 2
2
S=kt® .. a:d—§:6kt ie. aot
dt
1 .
From S:ut+5at

1

S, :%a(P—l)z and S, =5a P2 [Asu=0]

From S =u+%(2n—l)

S(PZ—P+1)'h -

—%[Z(Pz —p+1)-1] :%[ZPZ —2pP +1]

It is clear that S =5,+8S,

(P?—p+1)"

_ F - -

a=— .1 F=0 thena=0.
m

a:d—V:12t2—2

V=4t> -2t (given) ..
(given) at

t t
and x:jvdt:j(4t3—2t)dt:t4 —t2
0 0

When particle is at 2/m from the origin tt—t2=2



20.

21.

(b)

@

=t -t2-2=0 (2-2)(t*+1)=0 = t=+2 sec
Acceleration at t=\/2_ Sec given by,

a=12t? -2 =12x2-2- 22m/s?

ﬂ=20¢x+ﬂ:v= !
d 20 +
dv dv dx
a=—=—.—
dt  dx dt
:vdv— V.2 =2avv? =2°

dx o + )’

Retardation = 2av®
Let U;,U,,U; and U, be velocities at ime t=0,t;, (t; +1,)
and (t; +1t, +t;) respectively and acceleration is a then
u, +U, U, +Us

Vi = Vo =
2 2

Also U, =U; +at; ,u; =u; +a(t; +t,)

Uz +Uy

and v,

and U, =U; +at, +t, +13)
ViV, _ (ti+1)
(t; +13)

Acceleration @ =tan @, where & 1is the angle of tangent drawn
on the graph with the time axis.

By solving, we get
Vo —V3

If acceleration is variable (depends on time) then
at?
v=u+J‘(f)dt =u+J'(at)dt —us >

s, :u—g(Zn—l) :10—%(2><5—1):1meter

From v2 =u? +2aS = 0=u? +2a$
2 2

A i AV
2S 2x10
v=u+at=10+2x4 =18 m/sec

=-20m/s?

If particle starts from rest and moves with constant

acceleration then in successive equal interval of time the ratio
of distance covered by it will be

1:3:5:7 ...(2n-1)

. . . ox 1

ie ratio of xand ywillbe 1:3 ie —=§ = y=3x
y

s, =u+%[2n—l]

4
Sn :7+E[2><5—1]:7+18:25m.

Acceleration a = 2—\: =0.1x2t =0.2t

Which is time dependent i.e. non-uniform acceleration.

Constant velocity means constant speed as well as same
direction throughout.

Distance travelled in 4 sec
24 :4u+%a><16 (i)

Distance travelled in total 8 sec

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.
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88 :8u+%a><64 (i)

After solving (i) and (ii), we get U=1 mys.

dx d .,
v, =—=—(3t? —6t)=6t—6.At t=1,v, =0
*dt dt( ) X
dy d .,
vV, =—2=—(t?-2t)=2t—-2. At t=1v, =0
Yo dt dt( ) y

Hence V = ,[vf +V§ =0

a
Distance travelled in N second =u + E(Zn -1)

Distance travelled in 5™ second = 0 + %(2 x5 — 1):36m

vZ =u? + 2as = (9000)? —(1000)* =2 xax4

—a=10"m/s?Now t=—_2
a
t= —90001;71000 =8x107* sec

Initial relative velocity = V; —V,, Final relative velocity =0
From V2 =u? —2as=0=(v; —V,)? —2xaxs

2
(i —vp)
2a
If the distance between two cars is 's' then collision will take
2
> (i —vp)
2a

where [d = actual initial distance between two cars.

= S§=
place. To avoid collision d > S .

v=u+at=-2=10+ax4 = a=-3m/sec?

S, =uxt+%axt2 =S, :%x6x16:48m

S, =uyt+%ayt2 =S, :%x8x16:64m

S=,/S2+S2 =80m

S oc U?. If 7 becomes 3 times then S will become 9 times ie.

9%x20=180m
y =a+bt+ct? —dt*

.'.v:d—y=b+2ct—4dt3 and a:d—V:2c—12dt2
dt dt

Hence, at t=0, v_ = band a = 2c

2
Socu? ool 2 1o g
s, \u,) s, 4

t= zh _ | 2x2l E:\/0.49:0.7sec
(9+a) (9.8+1.2) 11

As U =0 and lift is moving upward with acceleration

Displacement X = 2t2 +t+5
dx
Velocity = — =4t+1
eloaity at

2

Acceleration = =4 je independent of time

dt?
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33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(b)

(b)

(d)

(d)

(b)

(b)

(b)
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Hence acceleration =4 m /S2

Both trains will travel a distance of 1 km before to come in rest.
In this case by using v2 =u? +2as

= 0 =(40)* +2ax1000 = a=-0.8 m/s?

v=u+at=v=0+5x10=50m/s

Let 'a’ be the retardation of boggy then distance covered by it
be S. If u is the initial velocity of boggy after detaching from
train (ie. uniform speed of train)

2

u
vZ=u?+2as=0=u’-2as=s, “oa
a

Time taken by boggy to stop
u
v=u+at=0=u-at=t=—
a

2

u
In this time ¢ distance travelled by train=3;, =ut=—
a

S 1
Hence ratio — = —
St

S, :u+%(2n—l):%(2n—l) because U =0

s, 7
Hence — = —

S, 5

v:u+I adt:u+I(3t2+2t+2)dt

=u R 20 D AU 230 12 1 2t

=2+844%4=18m/s (As =2 sec)

V:E:3t2—12t+3 and a:d—":et—lz
dt dt

For a=0, we have t =2 and at t:2,v:—9ms’1

1
7 2 d2x )’ d2y 2l
2 2

ATyaTay = [W] J{W]

2 2
¥=0.Hence a=d—;(=8m/sz
dt dt

Here

1
F=mxa, If force is constant then aoc —. So If mass is
m

doubled then acceleration becomes half.
a a
S,=u +E(2n—1) = 1.2=0 +E(2X6 -1)

a=22%2 _0218m/s?
11

Herev =144 km/h=40m/s
v=u+at= 40=0+20xa=a=2m/s>
1

s=tar? 1. ox(202 —400m
2% 73

4.

45.

46.

47.

48.
49.

50.

51

52.

53.

54.

55.

56. (d) u=at.x=judt=jatdt=T

(c)

2
X at—3bt2 = 97X 24 Ght—0=t= 2
dt dt? 3b

1 2
Kineticenergy Emu

Retardins force  F
If retarding force (F) and velocity (v) are equal then stopping

Stopping distance =

distance oc m (mass of vehicle)
As m
coming to rest.

u=72kmph =20m/s, v=0

car <Miuek therefore car will cover less distance before

2 2
2

By using vZ=u?-2as=> a:u_ =&

2s  2x200

=1m/s?

V:E=12t—3t2
dt

Velocity is zero for t =0 and t =4 sec

Let A and B will meet after time ¢ sec. it means the distance
travelled by both will be equal.

S, =Ut=40t and Sg :%atz :%x4><tz

S, =Sg :40t:%4t2 =1t=20 sec

x=a+bt2,v=d—>t(=2bt

Instantaneous velocity V =2x3x3 =18 cm/sec

If the body starts from rest and moves with constant
acceleration then the ratio of distances in consecutive equal

time interval S; 1S/ :S5/=1:31:5
2
x = at+bt? —ct®, a=d—2X =2b —6ct
dt
Let initial (t =0) velocity of particle=U
For first 5 sec motion Sz =10 metre

s:ut+%at2 =10 =5u +%a(5)2

2u+5a=4 ()
For first 8 sec of motion Sg = 20 metre

20=8u +%a(8)2 =2u+8a=5 (i)

7 1
By solving U=—m/sand a==m/s?
6 3
Now distance travelled by particle in Total 10 sec.

S;p =Ux10 + %51(10)2

By substituting the value of and a we will get S5 =28.3m
so the distance in last 2 SEC =S;; —Sg

=28.3-20=8.3m

sact? (given).. s=Kt?

d?s

Acceleration & = —— = 2K (constant)
d 2

It means the particle travels with uniform acceleration.
Because acceleration is a vector quantity

at?



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

(d)

(d)

(b)

For t =4 sec, x =8a
3t =+/3% +6 = 3x = (3t —6)?

= x =3t -12t+12

v=d—X=6t—12,For v=0,t=2sec
dt

x=3(2)? -12x2+12=0

u=0,S =250m,t=10sec
S =ut+%at2:250:%a[10]2 =a=5m/s?

So, F=ma=0.9x5=45N
Distance

Time = — = =9 sec
Averagevelocity 0.34
Acceleration = Change _|nveIOC|ty = 0.18 -0.02m/s?
Time
s=3t3+7t2 +14t+8m
d?s 2
a:W:18t+14 at t=1sec=>a=32m/s

X
Instantaneous velocity V = A_’[

By using the data from the table

_0-(-2 6-

A =2m/s, v2=—0:6m/s
1

Vg :ﬁ:lOm/s
1

So, motion is non-uniform but accelerated.
Only direction _of displacement_ and velocity, gets changed,
acceleration is always'directed vertically downward:

2 d®s 2
s=2t +2t+4,a:d—2:4m/s
t
According to problem
Distance travelled by body A in 5" sec and distance travelled

by body Bin 3" sec. of its motion are equal.
0+a—21(2x5—1):0+a72[2x3—1]

9a, =5a, :ﬁzé
a, 9
u=200m/s,v=100m/s,s=0.1m
u®-v? (200)* -(100)°
2s 2x0.1

a= =15%x10*m/s?

v:u+at:u+(E]t:20+(%]xlo:220 m/s
m

Velocity acquired by body in 10sec
v=0+2x10=20m/s
and distance travelled by it in 10 sec

S, :%xe(lO)z =100m

then it moves with constant velocity (20 m/s) for 30 sec

S, =20x30=600m
After that due to retardation (4m /Sz) it stops
_Vvi_(0)° _
" 2a 2x4
Total distance travelled S; +S, +S; =750m

50m

68.

69.
70.

7.

75.

76.

(c)
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If a body starts from rest with acceleration o and then
retards with retardation [ and comes to rest. The total time

taken for this journey is ¢ and distance covered is S

2
thenS=l apt :l 5x10 xt2

2@+p) 2(+10)
= 1soozlﬂxt2 = t=30sec.
2 (5+10)

S ocu?. Now speed is two times so distance will be four times
S=4x6=24m

Let student will catch the bus after ¢ sec. So it will cover
distance wt.

Similarly distance travelled by the bus will be %at2 for the

given condition
2

ut=50+tat? =50+ [a=1m/s?]
2 2
50 t
> u=—+—
t 2
To find the minimum value of v
du

Ezo,soweget t=10sec, then u=10m/s

Lot st

2 a

The velocity of the particle is

dx d 2

— =—(2-5t+6t)=(0-5+12t

™ dt( )=( )

For initial velocity t =0, hence V'=-5m/s.

For First part;
u =0/t = Tand acceleration = a

1 1

~v=0+aT=aTand S, :O+EaT2 :EaTz

For Second part,
u=aT, retardation=a, V=0 and time taken = 7 (let)
L 0=u-aT =aT=aT,

2 22
1aT
and from v2:u2—2a82 :>SZ:U—:_a
28, 2 @a
T
S, = LaTxT, Asa, =
2 T,
1 ., 1
5,45, :EaT +5aTxT,
HTaT T+T,
1
—aT(T+T,) 1
PR P
T+T,

u=0,V=27.5m/s and £=10 sec

a=20970 55 mys?

Now, the distance traveled in next 10 sec,
1 .5 1
S:ut+§at =27.5><10+E><2.75><100

=275+137.5=4125 m
v =(180—-16x)2
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1]
afl
{

_dv_dv dx

As a=— .
dt dx dt

1 172 dx
s.a=—(180-16x -16)| —
2( ) ox( )(dt

=—-8(180-16x)2xv

=—-8(180-16x)12x (180-16x)"'2 =—8m/s?

77. ) xoect® ox=Kt?
v =3 3k and a= D 6 ki
dt dt
ie aoct
dv
B @) va=_=2t-1) =dv=2-1)dt
5 2 T 25
:>v=IZ(t—l)dt:2 ot =2/ 25| 215 ms
o 2 2
0
1 . .
79. () S, :ut+5at ..... @)
and velocity after first ¢ sec
V=u-+at — S —— S —
1 A c
Now, S, =vt + —at’ 4 4
2 t=t,= t (given)
=(u+att+ %at2 ..... (i)
Equation (i) - (1) =5 S,/— S} /= at®
:>a:52_2Sl :65_240=1m/s2
t ®)
From equation (i), we get,
S, _Ut+Sat? =40 =5u+ S x1x25
2 2
=5u=275 . u=55m/s
2
go. (d) smuzsi:[ij -1
s, (4) 16

8. (d) x=ae * +be?

dx d ot
Velocity V = — = — (ae @ +be
OVEG T )

—ae “(-a)+be?.p) =—ace ™ +bpe”
Acceleration = —aa€ — (—a) + b& bt.ﬂ
—aa’le ™ +pple”!

Acceleration is positive so velocity goes on increasing with

time.
82 (c) Let car starts from point A from rest and moves up to point B
with acceleration £
A B t C D
S X Y

v =,2fS

Velocity of car at point B,

[Asv? =u? + 2a]

Car moves distance BC with this constant velocity in time ¢

Xx=42fS.t .. (i) [As s=ut]
So the velocity of car at point C also will be /2fs and finally

car stops after covering distance y.

(J21s)? _2fS e

Distance CD = Yy = =
2f12)  f

(i)

[Asv? =u? —2as=>s =u?/24q]

83.

84.

85.

86.

So, the total distance AD= AB+BC +CD =155 (given)
= S+Xx+25=15S = x =128

Substituting the value of x in equation (i) we get

X =2S .t = 12S = /2S.t = 14452 = 2S.t?

— 5=t
72
(c) Let man will catch the bus after '¢ sec
distance ut.

. So he will cover

Similarly distance travelled by the bus will be %atz. For the

given condition

ut=45+%at2 =45+1.25t? [Asa=2.5m/s?]

= u:4t—5+1.25t

To find the minimum value of v

:jj—l: =0 so we get t =6 Sec then,

u:%+1.25x6:7.5+7.5:15m/5

(b) X =4(t—2)+a(t—2)>
At t=0,x=-8+4a=4a-8

v:d—X:4+2a(t—2)
dt

At t=0, v=4—-4a=4(Q1-a)

d2x

But acceleration, @ = d_2 =2a
t

(@) Distance covered in 5° second,
a a %9a
Sh=u+—(2n-1D)=0+—(2x5-1)=—
o =ur 2 En-n=0+2@x5-1=%

and distance covered in 5 second,

Ss —ut+Laf =0+ fxax2s- 222
2 2
S _ 9
S, 25

(d) The nature of the path is decided by the direction of velocity,
and the direction of acceleration. The trajectory can be a
straight line, circle or a parabola depending on these factors.



Relative Motion

i Total length 50+50 100
Time = - — = =——=4sec
Relativevelocity 10+15 25
Total distance =130+120=250m

Relative velocity = 30 —(—20) =50 m/s
Hence t =250/50 =5s
Relative velocity of bird w.r.t train=25+5=30m/s

210

time taken by the bird to cross the train  t = 30 =7 sec

Effective speed of the bullet
= speed of bullet + speed of police jeep

=180m/s+45km/h=(180+12.5)m/s=192.5m/s

Speed of thief s jeep =153km /h =42.5m/s
Velocity of bullet w.r.¢ thief s car =192.5 — 42.5 =150m/s

Given AB = Velocity of boat= 8 km/hr

AC = Resultant velocity of boat = B c
10 km/hr

BC =Velocity of
river= vV AC? — AB? 6

(10)> =(8)> =6 km /hr y
Relative velocity

=10+5=15m/sec

'.t:gzlosec
15

The relative|velocity of boat w.r/t. water

=Vpoat — Vwater =@i+4[)-(3i-4))=6i+87]
When two particles moves towards each other then
V; +V, =6 (i)

When these particles moves in the same direction then
v, -V, =4 (i)
By solving v; =5 and v, =1m/s

For the round trip he should cross perpendicular to the river

km 5 25hr
4km/hr

.. Time for trip to that side =

To come back, again he take 0.25 Arto cross the river.
Total time is 30 min, he goes to the other bank and come back
at the same point.

mev

Relativistic momentum = —————
Vi-v?/c?

If velocity is doubled then the relativistic mass also increases.
Thus value of linear momentum will be more than double.

n (c) For shortest possible path man should swim with an angle
(90+6) with downstream. Y
w E
From the fig, ,
v, 5 1 Rl
sinf=—=—=— ]
Vi 10 2 Vin 4
= . 0-30 .
So angle with downstream z, R
= 90°+30°=120°
2. (b) Vg =V.—V,

——
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Ver =Ve + (_Vt)

Velocity of car w.r.t train (V) is towards West — North

As the trains are moving in the same direction. So the initial
relative speed (V; —V,) and by applying retardation final

relative speed becomes zero.

v, —V
FromV=u-at = 0=(, -v,)—at = t=-1—2

Motion Under Gravity

u=12m/s, g=9.8 m/sec?, t =10 sec

1
Displacement = ut + 3 gt?

212x10+%><9.8 x100 =610m

Velocity at the time of striking the floor,
u=,/2gh, =J2x9.8x10 =14m/s
Velocity with which it rebounds.
v=,/2gh, =V2x9.8x25 =7m/s
". Change in velocity AV =7 —(-14)=21m/s
Av 21

". Acceleration = =2100m/s?
T 0.01

Let ¢ be the time of flight of the first body after meeting, then
(t—4) sec will belth¢ time, of flight of the\second body. Since

f =h,

(upwards)

.. 98t —%gtz =98(t —4)—%g(t —4)?

On so]ving, we get t =12 seconds

h——gt —t=4/2h/g

R -

> 9(3)

Tlme taken by first stone to reach the water surface from the

bridge be ¢ then

g(2n )=>n=5s

h:ut+%gt2 :>44.1=0><t+%><9.8t2

/2x44.1
= |——— =3sec
9.8

Second sec later and both
simultaneously. This means that the time left for second stone

=3-1=2sec

stone is thrown 1 strikes

Hence 44.1=ux2 +%9.8(2)2

=44.1-19.6 =2u=u=1225m/s

Let the initial velocity of ball be u

UZ

2(g+a)

Time of rise t; =

u and height reached =
a

Time of fall t, is given by
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20.

21.

(b)

()

(b)
(b)

(b)

112 Motion in one Dimension

1 u?
~(g-a); =
2 2(9+a)
Sty = u _u |g+a
Jo+ag-a ©@+aVg-a
ooty > 1 because < !
+a g-a
Vertical component of velocities of both the balls are same and
2h
equal to zero. So t = [—
g

The separation between the two bodies, two seconds after the
release of second body

:%x 9.8[(3)2 —(2)*]=24.5m

2u 2x100

Time of flight = — = =20 sec
g 10
1 . 1 2
h==gt" ==x10x(4)° =80m
;90 =3 )
Let the body after time t/2be at x from the top, then
1 t* gt
=-0-—= g (i)
274 8
h= %gt2 (i)

h
Eliminate ¢ from (i) and (i), we get X = ry

.. Height of the body from the ground =h —% = %h

By applying law of conservation of energy
1

mgR = Emv2 =V =4/2Rg

Acceleration of body along AB is gCc0S@

1
Distance travelled in time ¢ sec = AB = E(g cos 9)t2

From AABC, AB = 2R cos¥, 2Rcos€:%gcos6t2

= t? = ﬂ or t=2 E
g g
Force down the plane =mg sinég

.. Acceleration down the plane = gsinéd

Since | =O+%gsin0c2

RO 2h 1 [2n

= = =t=
gsind gsin6@ sind\ ¢

h:ut—%gtz =96 :80t—3—22t2

= t2 —5t+6=0=1t=2 secor 3 sec
v=gxt=32x1=32ft/sec

2
v2 =u2 +2gh = (3u)? = (-u)? + 2gh = h = 24
g

t= 2—h and / and g are same.
g

Time of flight = ﬂ = 2x96
g

=6 sec

22.

23.

24.

27.

(@)

1 , 25
Total dista =—gt-==—"
otal distance 2g Zg

Distance moved in 3 sec = E g

Remaining distance = % g
If tis the time taken by the stone to reach the ground for the
remaining distance then

16 1 .-
=>—g=-0gt" =>t=4sec

2 g 2 g
Height travelled by ball (with balloon) in 2 sec
h, “lae-Llisgxn2-98m

2 2

Velocity of the balloon after 2 sec
v=at=49x2=98m/s
Now if the ball is released from the balloon then it acquire
same velocity in upward direction.

Let it move up to maximum height h,

vZ =u?-2gh, = 0=(9.8)*—2x(9.8)xh, .. h, =4.9m

Greatest height above the ground reached by the ball
=h +h,=9.8+49=147m
Let A distance is covered in n sec
1 -
=h=>=gn (i
59 @
. . th 1
Distance covered in N sec= 5 g(2n-1)
9h g
=== =—(2n=1
> = (@n=1) (ii)

From/(i) and (i), h=122.5m

h:ut+%gt2 :>81:—12t+%><10><t2 =t=5.4sec

The initial velocity of aeroplane is horizontal, then the vertical
component of velocity of packet will be zero.

So t= ,Z—h
g
2h

Time taken by first drop to reach the ground t=_|—

9

Zﬁ =1 sec

= t=
As the water drops fall at regular intervals from a tap therefore
1
time difference between any two drops = 2 sec

In this given time, distance of second drop from the

2
tap:%g(%j 2221.25m

Its distance from the ground =5-1.25=3.75m
h=ut+%gt2,t=35ec,u =-49m/s

=h=-49%x3+4.9%x9=294m
Horizontal velocity of dropped packet =U

Vertical velocity = /2gh

.. Resultant velocity at earth =4/U Z 4 2gh



30.

31

32.

33.

35.

36.

37.

38.

39.

(d) Given a=19.6m/s? =29
Resultant velocity of the rocket after 5 sec
v=2gx5=10gm/s

Height achieved after 5 sec, h; = %X 290 x25=245m

On switching off the engine it goes up to height h, where its

velocity becomes zero.
0 =(10g)? — 2gh, = h, =490m
.". Total height of rocket =245 +490=735m

(b) Bullet will take 100 = 0.1 sec to reach target.
1000
During this period vertical distance (downward)

travelled by the bullet = % gt

=%><10><(0.1)2m:50m
So the gun should be aimed 5 crm above the target.
@ S, :u+%(2n—l);whenu:0,sl ©S,:5,=1:3:5

(b) 1t has lesser initial upward velocity.
(b) At maximum height velocity V =0
We know that V =U+at, hence

O=u-gT=u=gT

When Vzﬂ,then
2
u u gT T
—=u—-gt=>gt===gt="—=t=—
2 i P 2 A 2 2
. A Lo
Hence at t =—, it acquires velocity E

(@) 1 u is the initial velocity then distance covered by it in 2 sec
S:ut+%at2:u><2+%><10><4:2u+20 ()
Now distance covered by it in 3sec
S :u+%(2><3—1)10:u+25 (i)

From(i) and (i), 20+20=u+25=u=5
585 =2x5+20=30m

(c) For first case vi-0%= 2gh = (3)2 =2gh

For second case V2 =(—U)2 +2gh = 42 132 -V = sk

(b) The time of fall is independent of the mass.

©) hnmzu—%(Zn—l)
10
hs‘“ :u—7(2><5—1):u—45

10
he‘“ :u—?(2><6—1)=u—55
Given hs'“ = 2Xh6‘h .By solving we get U =65 ml/s

(b) S —ut+lat? —0+Ltat?
2 2

40.

42.

43.

44.

45.

46:

47.

48.

50.

5.
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Hence toc\/g ie, if S becomes one-fourth then ¢ will

become half ie, 2 sec

Distance between the balls = Distance travelled by first ball in 3
seconds -Distance travelled by second ball in 2 seconds

:%9(3)2 —%9(2)2 =45-20=25m

Speed of stone in a vertically upward direction is 4.9 m/. So

for vertical downward motion we will consider U=-4.9m/s
1 . 1 2
h:ut+Egt =—4.9><2+E><9.8><(2) =9.8m

Speed of stone in a vertically upward direction is 20m/s. So for

vertical downward motion we will consider U=-20m/s
v2 =u? +2gh=(-20)* +2x9.8x 200 = 4320 m/s

L.v=65m/s.

Let at point A initial velocity of body is equal to zero
u=0

for path AB: v =0+ 2gh ..(J) p

for path AC: (2v)? = 0+ 2gx
4v? =2gx  ..(ii)
Solving (i) and (i) X =4h

——

— —

For one dimensional motion along a plane

1 1 .
S =ut+5at2 =9.8=0 +35 gsin30°t? =t =2sec
Body ‘reaches the point of projection with same velocity.

Time' of flight T:§=4 sec =>u=20m/s

g
t= 2_h = t_l = h_l
V9 t, \Vh;
Time of ascent = Time of descent = 5 sec

u
Time of ascent =— =6 Ssec=>u=60m/s

Distance in first second hg¢ =60 —%(2 x1-1)=55m

Distance in seventh second will be equal to the distance in first
second of vertical downward motion

Neeventh = %(2 x1-1)=5m= hgg /Ngpen =11:1

Let particle thrown with velocity v and its maximum height is
u2

Hthen H = —
29

When particle is at a height H /2, then its speed is 10 m/s
From equation vi=u2- 2gh

2
10)? =u? —2g(%]=u2 —292—9 —u2 =200

2
Maximum height = H = u = ﬂ =10m
2g 2x10

Mass does not affect on maximum height.
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52. (a)

53 (d)
54 (d)
55.  (d)

56. (¢

57. (b)

58. (o)

59. (b)

60. (b

61. (c)

62. (b
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u2

H=— =Hoxu?
2g

become four times. .e. H =20x4 =80m

, So if velocity is doubled then height will

When the stone is released from the balloon. lts height

h :%atz = %x1.25 x(8)> =40 m and velocity

v=at=1.25x8=10m/s

Time taken by the stone to reach the ground

v, b 200 | 10/, [}, 2x10:40)
9 vi ] 10 L0y’
u2

At highest point V=0andH ., = PP
g

U=+2gh=+2%x10x20=20m/s

and T_2u _2><20

g 10

=4 sec

If t; and t,are the time, when body is at the same height
then, h =£gt1t2 :lxg><2><10 =10g9
2 2
Speed of the object at reaching the ground v =4/2gh
If heights are equal then velocity will also be equal.

S :10+%(2x3—1):35m

10 S3rd
S i =10+/—@2x2-+1)=25m/= ==
o AIORT-@F 20 S

vZ =u? +2gh=v =4/u® +2gh

so for both the cases velocity will be equal.

1 1
h, =§gt2, h, :50t—Egt2

100 m

-— M:~—)|(—-="—)

I u=50 m/s
Given h; +h, =100m = 50t =100=1t=2 sec

2
_ut 19.6x19.6 ~19.6m
29 2x9.8

Maximum height of ball = 5 m

max

So velocity of projection = U =,/2gh =10m/s

Time interval between two balls (time of ascent)

u 1 .
=—=1sec=—min.
g 60

So number of ball thrown per min. = 60

Let height of minaret is / and body take time 7 to fall from
top to bottom.

65.

66.

67.

68.

70.

)
(H-40) m

J (7-2)sec
T H l
o
40m 2 sec
. Vo

H= 5 gT? ()

In last 2 sec. body travels distance of 40meter so in (T — 2) sec

distance travelled =(H —40)m .

(H-40)=o(T -2 )
By solving (i) and (i) T =3 secand H=45m.
() S, < (2n—1). In equal time interval of 2 seconds

Ratio of distance =1:3:5

(c) Let both balls meet at point P after time &

TA

400 m

| |y

The distance travelled by ball A, h; = %gt2

| ~
$*—)|(—_=~

'

H

Thedistance travelled by=ball B h, =ut —%gt2

h, +h, =400 my=ut =400, t=400/50 =8 sec
h, =320m and h, =80m

ool

(@) Hpax = =H oc—

Z max

On planet B value of gis 1/9 times to that of A So value of
2x9 =18 metre

H 2 Will become 9 times ie.
®) h, :%(Zn—l): hes =%(2><5 _1)=45m.

u® _ oy
2g 2x10
(b) For stone to be dropped from rising balloon of velocity 29 .

=11.25m.

(@) max —

u=-29 m/s, t =10 sec.

. h=-29x%10 +%x9.8 x100

=—290 + 490 = 200 m.

e ho 1 . 21
() - h_ut+2gt :>h_ZgT
T
»
_J t=T/3
il
h



74.

75.

76.

77.

(b)

After % seconds, the position of ball,

2
h’=0+lg T =£><g><T2
2 2 9

3
h':lxngz =Dm from top
2 9 9
. h h
.". Position of ball from ground =h — i ?m

Since acceleration due to gravity is independent of mass, hence
time is also independent of mass (or density) of
object.

When packet is released from the balloon, it acquires the
velocity of balloon of value 12 m/s. Hence velocity of packet
after 2 sec, will be

V=Uu+gt =12-98x2 =-7.6 mss

The distance traveled in last second.
S =U+ %(m “1) = % «9.8(2t —1) = 4.9(2t —1)
and distance traveled in first three second,

S Three =O+%><9.8><9 =441m

According to problem S| ;¢ = Stpee

=492t-1)=441=2t-1=9 = ¢=5 sec

Net acceleration of a body when thrown upward

= acceleration of body — acceleration due to gravity

—a-g

The given condition'is possible only/when body.is”at 'its.highest
position after 5 seconds

It means time of ascent = 5 sec
) . 2u
and time of flight T=—=10 = u=50m/s
g
H max ocu 2 body projected with double velocity then

maximum height will become four times ie. 200 m.

After bailing out from point A parachutist falls freely under
gravity. The velocity acquired by it will ‘v

@{V

: h

= |
S ©

Ground

From V2 =u? +2as =0+ 2x9.8 x50 - 980

78.

79.

80.

(abd) — =6—3v =
dt

UNIVERSAL
SELF SCORER

Motion in One Dimension 115

[As u=0, a=9.8m/82,s:50 m|

At point B, parachute opens and it moves with retardation of
2m/s? and reach at ground (Point C) with velocity of
3m/s

For the part ‘BC by applying the equation v2 =u? +2as
v=3m/s, u=v980m/s, a=-2m/s* s- h
= (3)? =(+/980)? + 2x(-2)xh= 9 =980 —4h

- h:9804_‘9 :%:242.7; 243 m,

So, the total height by which parachutist bail out =
50 + 243 =293 m.

H max cu?

U oc 4/ H oy

ie. to triple the maximum height, ball should be thrown with
velocity J3u.

C_ritical Thinking Questions

If t; and 2t arethe time taken by particle to cover first and

second half distance respectively.

x/2 X .
tl :TZE (1)
X; =45t,and X, =7.51,
X

X
So, X; +X, =—=4.5t, +7.5t, =—
0, A1 2 2 2 2 2

X
b=27 (i
2 24 (i)
Total time t=1; +2t, :i+i :1
6 12 4
So, average speed =4 m/sec.
dv bt?

—=bt=dv=btdt=>v=—+K,
dt 2

At t=0,v=v, =K, =V,

We get VZ%bt2 +V,

dx 1, ., t2
Again — =—bt* +vg => X =——+Vt + K
8 G 2 0 23 0T

At tZO,X:O:>K2:O
aox=tpge +Vot
6

dv dv
6 —3v

d
6—V3v :Idt

=dt

Integrating both sides, J
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1

N log, (6 —3v) —t+K,

-3
=l0g. (6 —3v)=-3t+K, (i)
At t=0,v=0 .. log, 6 =K,

Substituting the value of K,  in equation (i)

log, (6 —3v)=-3t +log, 6

6 —3v
6

= Ioge( ]:—3t = e =

= 6-3v=6e3" = 3v=6(1-e®)
= v=21-e73"
" Viminal = 2 m/s (When t =)

Acceleration a = ﬂ = i [2(1 - e‘3t) =6e 3
dt dt

Initial acceleration =6 m/s2.

(a,d) The body starts from rest at X =0 and then again comes to
rest at X =1. It means initially acceleration is positive and
then negative.

So we can conclude that 0L can not remains positive for all ¢in

the interval 0 <t<1 je «a must change sign during the
motion.

(b) The area under acceleration time graph gives change in
velocity. As acceleration is zero at the end of 11 sec

i.e. Vi =ATearofl AOAB a

B
:%x11><10=55m/8 vV

o A,

1N sec.
(d) Let the car accelerate at rate ¢ for time t; then maximum
velocity attained, V=0 +ot; =ot;

Now, the car decelerates at a rate [ for time (t—t;) and

finally comes to rest. Then,
O=v-pgt-t,)= 0=at; - A+ A,
B

=t = t
a+p
v=—2b 4
a+p
(c) 1f a stone is dropped from height A
then h = %g t? ()

If a stone is thrown upward with velocity u then

h=-ut, + %g t? (i)
If a stone is thrown downward with velocity u then
h=ut, + % gt? (i)

From (i) (ii) and (iii) we get

L @-2)Jg V2-1

—ut, Jr%gtl2 :%gt2 (iv)

1 1
ut, +Egt§ :Egt2 (V)
Dividing (iv) and (v) we get

1 2 2
] —Utl _Eg(t _tl)

ut, 1 2 .
—g(t® -t
29( 2)

t, -t}

o T T 2

t, t2-t

By solving t = /t;t,

Since direction of v is opposite to the direction of g and A so
from equation of motion

1 0
h=-vt+=gt
29

=gt? —2vt—2h=0

2v+,/4v? +8gh

29

3t=1{1+ [1+2;92h}
g v

h=ut+%gt2 =1=0xt, +%gt12 =t,=.2/g

Velocity after travelling”¥m,distance
v2 =u? + 2gh=v2 = (0)? + 29 x1 =V =4/2g

For second 1 meter distance
1=,/2g xt, +%gt§ = gt? +2/2gt, -2=0
_—2/2g+/8g+8g V212
29 Jg
Taking +ve sign t, =(2 —\/E)/‘/a

t, J2/g 1

t

and so on.

Interval of ball throw = 2 sec.
If we want that minimum three (more than two) ball remain in
air then time of flight of first ball must be greater than 4 sec.

T >4 sec
§>4 sec=u>19.6m/s
g

for u=19.6. First ball will just strike the ground(in sky)
Second ball will be at highest point (in sky)
Third ball will be at point of projection or at ground (not in

sky)

The distance covered by the ball during the last ¢ seconds of its
upward motion = Distance covered by it in first ¢ seconds of its
downward motion

Fromhzut+%gt2



(©)

(b)

(d)

(b)

(d)

[As u = 0 for it downward motion]

1 0o
h==gt
29

Graphical Questions

Distance = Area under v— tgraph= A, + A, + A; + A,

AZ

Velocity (m/s)

A

P

3 4
Time (Second)

:%xlx20+(20Xl)+%(20 +10)x1+(10x1)

' h
' '
' '
' '
' '
' '
' '
' '
' '
1 2

=10+20+15+10=55m

The slope of displacement-time graph goes on decreasing, it
means the velocity is decreasing ie. It's motion is retarded and
finally slope becomes zero i.e. particle stops.

In the positive region the velocity decreases linearly (during
rise) and in the negative region velocity increases linearly
(during fall) and the direction is opposite to each other during
rise and fall, hence fall is shown in the negative region.
Region OA shows that graph bending toward time axis ie.
acceleration is negative.
Region AB shows that graph is parallel to time axis ie. velocity
is zero. Hence acceleration is_ zero.
Region \BC shows, that|graph is/bending towards! displacement
axis 7.e.\acceleration is positive.
Region CD shows that graph having constant slope ie. velocity
is constant. Hence acceleration is zero.
Maximum acceleration means maximum change in velocity in
minimum time interval.
In time interval t =30 to t=40sec
_Av_80-20 60
T At 40-30 10
In part cd displacement-time graph shows constant slope ie.

velocity is constant. It means no acceleration or no force is
acting on the body.

=6 cm/sec?

Up to time t; slope of the graph is constant and after t; slope

is zero ie. the body travel with constant speed up to time t;

and then stops.

Area of trapezium = % x3.6x(12+8)=36.0m

Displacement = Summation of all the area with sign

=(A)+(EA)+H(A) =2x4)+(2%x2)+(2x 2)

54

Wm/s) =——>

t(sec) —>

Disp]acer%lent =8m

Distance =Summation of all the areas without sign

20.

21

22.

23.
24.

25.

26.

—
[= ™
=
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A Al H —Aq| +] Ag| 48] + 4] +] 4] =8+ 4+4

Distance =16 m.
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Between time interval 20 sec to 40 sec, there is non-zero
acceleration and retardation. Hence distance travelled during
this interval

= Area between time interval 20 sec to 40 sec

= %x20><3+20><1 =30 +20=50m.

1
(Sas 29 _ 2210

s

1
%x2x10+2x10+%x2x10 4

Distance = Area covered between graph and displacement

axis = %(30 +10)10 = 200 meter .

Because acceleration due to gravity is constant so the slope of
line will be constant ie velocity time curve for a body
projected vertically upwards is straight line.

Slope of displacement time graph is negative only at point E

v =u®+2aS,1f u=0 then v’ c S
i.e. graph should be parabola symmetric to displacement axis.

This graph shows uniform motion because line having a
constant slope.

For the given condition initial height h =d and velocity of the
ball is zero. When the ball moves downward its velocity
increases and it will be maximum when the ball hits the
ground & just after the) collision fit” becomes half and in
opposite direction. As the ball moves upward its velocity again
decreases and becomes zero at height' d /2. This explanation
match with graph (A).

We know that the velocity of body is given by the slope of
displacement — time graph. So it is clear that initially slope of
the graph is positive and after some time it becomes zero
(corresponding to the peak of graph) and then it will becomes
negative.

Maximum acceleration will be represented by CD part of the
graph

dv (60 -20)

Acceleration= —
0.25

= =160 km /h?
dt

For upward motion

Effective acceleration = —(g + @)
and for downward motion
Effective acceleration = (g —a)

But both are constants. So the slope of speed-time graph will
be constant.

Since slope of graph remains constant for velocity-time graph.

Other graph shows more than one velocity of the particle at
single instant of time which is not practically possible.

Slope of velocity-time graph measures acceleration. For graph

(a) slope is zero. Hence @ =0 ie motion is uniform.

From acceleration time graph, acceleration is constant for first
part of motion so, for this part velocity of body increases
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27.

28.

29.

30.

@

uniformly with time and as a = 0 then the velocity becomes
Then

acceleration.

constant. again increased because of constant

Given line have positive intercept but negative slope. So its
equation can be written as

V
[where m =tan @ = -2 |

V=—MX+V, .. @)
Xo

By differentiating with respect to time we get

dv. _dx
dt o dt
Now substituting the value of v from eq. (i) we get
dv
dt
ie. the graph between a and x should have positive slope but
negative intercept on a-axis. So graph (a) is correct.

—-mv

=-m[-mx +v,]=m?x —my, .. a=m’x—my,

From given @—1t graph it is clear that acceleration is
increasing at constant rate

da
dt
dv

= — =kt = dv =ktdt
dt

=k (constant) = a =kt (by integration)

:Idv:kj tdt:v:%

ie. v is dependent on time parabolically and parabola is
symmetric about w-axis.

and suddenly acceleration becomes zero. ie. velocity becomes
constant.

Hence (¢) is most probable graph.
In first instant you will apply v=tan d and say,

1
v=tan 30° == ms.
V3
But it is wrong because formula U =tan @ is valid when

angle is measured with time axis.

Here angle is taken from displacement axis. So angle from time

axis =90° —30° =60°
Now U = tan 60° :\/§

Since total displacement is zero, hence average velocity is also

zero.
Assertion and Reason

When body going vertically upwards, reaches at the highest
point, then it is momentarily at rest and it then reverses its
direction. At the highest point of motion, its velocity is zero
but its acceleration is equal to acceleration due to gravity.

As motion is governed by force of gravity and acceleration due
to gravity (g) is independent of mass of object.

As distance being a scalar quantity is always positive but
displacement being a vector may be positive, zero and negative
depending on situation.

As displacement is either smaller or equal to distance but never
be greater than distance.

Since velocity is a vector quantity, hence as its direction
changes keeping magnitude constant, velocity is said to be

20.

21.

22.

(e)

changed. But for constant speed in equal time interval distance
travelled should be equal.

Speed can never be negative because it is a scalar quantity.

Negative slope of position time graph represents that the body
is moving towards the negative direction and if the slope of the
graph decrease with time then it represents the decrease in
speed i.e. retardation in motion.

A body having positive acceleration can be associated with
slowing down, as time rate of change of velocity decreases, but
velocity increases with time, from graph it is clear that slope
with time axis decreases, but velocity increases with time.

A body having negative acceleration can be associated with a
speeding up, if object moves along negative X-direction
with increasing speed.

It is not necessary that an object moving under uniform
acceleration have straight path. eg. projectile motion.

Motion of rocket is based on action reaction phenomena and is
governed by rate of fuel burning causing the change in
momentum of ejected gas.

When a body moves on a straight path in one direction value
of distance & displacement remains same so that average speed
equals the average velocity for a given time interval.

Position-time graph for a stationary object is a straight line
parallel to time axis showing that no change in position with
time.

Since slope of displacement-time graph measures velocity of an
object.

For distance-time graph, a straight line inclined to time axis
measures uniform speed for whichsacceleration is zero and for

uniformly accéleratedmotion S oc 2]

As per|definition, acceleration is the rate of change of velocity,

o= av
re. d=—.
dt

If velocity is constant dv /dt=0, ..a=0.

Therefore, if a body has constant velocity it cannot have non
zero acceleration.

A body has no relative motion with respect to itself. Hence if a
frame of reference of the body is fixed, then the body will be
always at relative rest in this frame of reference.

The displacement is the shortest distance between initial and
final position. When final position of a body coincides with its
initial position, displacement is zero, but the distance travelled
is not zero.

Equation of motion can be applied if the acceleration is in
opposite direction to that of velocity and uniform motion mean
the acceleration is zero.

As velocity is a vector quantity, its value changes with change
in direction. Therefore when a bus takes a turn from north to
east its velocity will also change.

When two bodies are moving in opposite direction, relative
velocity between them is equal to sum of the velocity of bodies.
But if the bodies are moving in same direction their relative
velocity is equal to difference in velocity of the bodies.

The displacement of a body moving in straight line is given by,
1
s =ut +Eat2. This is a equation of a parabola, not straight

line. Therefore the displacement-time graph is a parabola. The



23.

24.

25.

26.

27.

28.

29.

30.

()

(b)

()

displacement time graph will be straight line, if acceleration of
body is zero or body moving with uniform velocity.

In uniform motion the object moves with uniform velocity, the
magnitude of its velocity at different instant e at £ = 0, ¢ =
Isec, t = 2sec,... will always be constant. Thus velocity-time
graph for an object in uniform motion along a straight path is
a straight line parallel to time axis.

The uniform motion of a body means that the body is moving
with constant velocity, but if the direction of motion is
changing (such as in uniform circular motion), its velocity
changes and thus acceleration is produced in uniform motion.

When a body falling freely, only gravitational force acts on it in
vertically downward direction. Due to this downward
acceleration the velocity of a body increases and will be
maximum when the body touches the ground.

According to definition,displacement = velocity x time Since
displacement is a vector quantity so its value is equal to the
vector sum of the area under velocity-time graph.

If the position-time graph of a body moving uniformly in a
straight line parallel to position axis, it means that the position
of body is changing at constant time. The statement is abrupt
and shows that the velocity of body is infinite.

Average speed = Total distance /Total time

Vi +Vy Vg F e,
n

Time average speed =

An object is said to be in uniform motion if it undergoes equal
displacement in equal intervals of time.

\ St Sy Sgpt . guSHS+S .. oNS, S
av ' 3 N
N A 8 TS e |
S
and Vi, =—
t

Thus, in uniform motion average and instantaneous velocities
have same value and body moves with constant velocity.

Speedometer measures instantaneous speed of automobile.

Motion in One Dimension 119

UNIVERSAL
SELF SCORER



C———

UNIVERSAL

120 Motion in one Dimension

-

Motion In One Dimension — < Self Evaluation Test 2

15 AT AV eI A IS TaTICE IO G- ST I e T Oat T T WO TToaT s~ aTia e 300em7s I 250
returns to the starting point in the next three hours. lts average (©) (d) 250 cm/s
velocity is 9. A thief is running away on a straight road in jeep moving with a
@ S/5 (b) 2S/5 speed of oms~i. A police man chases him on a motor cycle
() S/2+8/3 (d) None of the above moving at a speed of 10MS L If the instantaneous separation of
2. A particle moves along the sides AB, BC, CD of a square of side 25 the jeep from the motorcycle is 100 m, how long will it take for the
m with a velocity of 15Ms s average velocity is police to catch the thief
c B (@ 1s (b) 19s
@ 15 ms L () 90s (d) 100 s
®) 10 ms L 10. A car Ais travelling on a straight level road with a uniform speed of
L 60km /h. 1t is followed by another car B which is moving with a
() 75ms speed of 70 KM /h. When the distance between them is 2.5 km, the
d) sms*

D A car B is given a deceleration of 20 km /h?. After how much time
3. A body has speed V, 2V and 3Vin first 1/3 of distance S, seconds 1/3 will B catch up with A
of S and third 1/3 of S respectively. Its average speed will be

@ v ) 2v (@) 1 hAr (b) /2 hr
18 11 (c) V4 hr (d) V8 hr

©) HV @ EV n The speed of a body moving with uniform acceleration is u. This

4. If the body covers one-third distance at speed v, next one third at spe?d. is do.ubled Whi,le covering a distance S. When it covers an
speed v and last one third at speed v, then average speed will be additional distance S, its speed would become

(a) Uy U3t Upivs 1193 Uy ®) i + Uy 4703 (a) J3u (b) VB

U034 0g 3
UL Uy U3 3vy Uy U ) Vit ) Jiu
) U1 Uy +Uy U3 +U3 d U Uy +Uy U3 +03 U 12 Two trains one of length 100 m and another of length 125 m, are
5. The displacement of the particle varies with time according to the moving in mutually opposite directions along parallel lines, meet

K each other, each with speed 10M/S. If their acceleration are
relation X = —[1— e’b‘] . Then the velocity of the particle is 2 2 . .
b 03Mm/s“ and 02m /s respectively, then the time they take to

pass each other will be
bt K
@ kE™) (b) 02e bt @ 5s (b) 10s
bt () 155 (d) =20s
() kbe (d) None of these 13. A body starts from rest with uniform acceleration. If its velocity
6. The acceleration of a particle starting from rest, varies with time

after n second is U, then its displacement in the last two seconds is
according to the relation A = — aw sinw t The displacement of this

; ; ; 2oln +1 vln+1
particle at a time ¢ will be (a) ( ) (b) ( )
1. 2. 2 . n n
(@) —-—=(@o sinot)t (b) awsinwt
2 vin-1 2v(n-1
_ o o @ 20
() awcoswt (d) asinmt n n
7. If the velocity of a particle is (10 + 2¢) m/s, then the average 14. A point starts moving in a straight line with a certain acceleration.
. . . At a time 1 after beginning of motion the acceleration suddenly
acceleration of the particle between 2Sand 58 is R L R R
becomes retardation of the same value. The time in which the point
(@ 2 m/s? b 4 m/s? returns to the initial point is
() 12m/s? (d) 14 m/s? @ Vat
8. A bullet moving with a velocity of 200 cm/s penetrates a wooden (b) (2+\/§)t

block and comes to rest after traversing 4 cm inside it. What
velocity is needed for travelling distance of 9 ¢ in same block

t
(@) 100 cm/s (b) 136.2cm/s © 7



20.

(d) Cannot be predicted unless acceleration is given

A particle is moving in a straight line and passes through a point

O with a velocity of 6 ms -1

. The particle moves with a constant
retardation of 2Ms ™2 for 4 s and there after moves with constant
velocity. How long after leaving O does the particle return to O

(@) 3s (b) 8s

() Never (d) 4s

A bird flies for 4 s with a velocity of | t—2| m /s in a straight

line, where ¢ is time in seconds. It covers a distance of

(@ 2m b) 4m

() 6m (d 8m

A particle is projected with velocity vgalong X —axis. The

deceleration on the particle is proportional to the square of the

distance from the origin i.e, a= aXZ. The distance at which the
particle stops is

1

3v 3 )2

@ 3, (b) [Za]
L

305 3u5 |?

© 5, (@) (ZQJ

A body is projected vertically up with a velocity v and after some
time it returns to the point from which it was projected. The
average velocity and'average speed of the body for the total time of
flight are

(@) V/2and v/2 (b) oand v/2

(¢c) oando (d V/2 ando

A stone is dropped from a height A. Simultaneously, another stone is
thrown up from the ground which reaches a height 4 A. The two
stones cross each other after time

@ ) Bgh

8¢

© +2gh @ [

Four marbles are dropped from the top of a tower one after the
other with an interval of one second. The first one reaches the
ground after 4 seconds. When the first one reaches the ground the

2L

22.

23.

24.

25.

—
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distances between the first and second, the second and third and the
third and forth will be respectively

(@ 35,25and15 m (b)
(¢) 20,10and 5 m (d)

30, 20 and 10 m
40, 30 and 20 m

A balloon rises from rest with a constant acceleration g /8. A stone

is released from it when it has risen to height A The time taken by
the stone to reach the ground is

@ 4t ® 2"
g g
2h g
© |2 @ |2

Two bodies are thrown simultaneously from a tower with same
initial velocity Vg :one vertically upwards, the other vertically

downwards. The distance between the two bodies after time tis

(a) 2v0t+%gt2 (b) 2v,t

(©) v0t+%gt2 d) Vot

A body falls freely from the top of a tower. It covers 36% of the
total height in the last second before striking the ground level. The
height of the tower is

(@) 50 m v)
() 100 m d)
A particle is projected upwards. The times corresponding to height

75 m
125 m

h while ascending and while descending@are ¢ and ¢ respectively. The
velocity"of\projection™Will be

@@ gy (b) 19t

gty +1tp)
2

A projectile is fired vertically upwards with an initial velocity w.

(© gty +tp) (d)

After an interval of T seconds a second projectile is fired vertically
upwards, also with initial velocity u.

g Answers and Solutions

. Total displacement 0
(d) Average velocity = - = =
Time 2+3
@ A oci Total displacement 25 S
wverage velocity = = =5m/s
B T ime taken 75115

2 2
(@) They meet at time t = u and at a height — + —gT
29 8
2 2
(b) They meet at time t = u + I and at a height v + L
g 2 29 8
2 2
() They meet at time t = u + % and at a height € %
(d) They never meet
(SET -2)
Total distance X 18
(6) Vo = - = =—V
Time taken x/3+x/3+x/3 11
v 2v 3v
) X 3V,V,V,

& xI3 N x/3 . X13 vV, +V,Vg +VyV,
Vi V2 Vs
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* 1]

dx d|k bt k bt —pt . . 1 5 .
5 Vee—=—1/|—|1-¢ =—[0—(-b)e =ke ™, Now, distance travelled in n sec. = S, = —an* and distance
© dt dt[b( )} b[ o) "] B
. 1 2
6. (d) Velocity v = IA dt= J.(—aa)2 sinat) dt = aw cos at travelled in (N —2)sec =S,_, = Ea(n -2

Displacement x= J'V dt = Jawcoswt dt = asinat .". Distance travelled in last two seconds,

1 -, 1 2
. Change invelocity v, -V, =Sy =Spp =5an" -2an-2)
7. (d) Average acceleration = - =
Time taken t, -t
ho+26)2]-ho+2(2)?] 60-18 =2h2-0-22]= 2+ 0- 20 -0-2)
= 2 = =14m/s?. 2 2
v _2v(n-1)
8 (o) Asv?=u?-2as=u’=2as (-v=0) =a(2n-2) —H(Zn—Z) T
u s /2 14. (b) In this problem point starts moving with uniform acceleration
Sulas = 2= (—2] a and after time ¢ (Position B) the direction of acceleration get
U Sy reversed ie. the retardation of same value works on the point.

12 Due to this velocity of points goes on decreasing and at
9 3 . . - o
= u, = Uy = >u, =300cm/s. posn.tlon C 1t.s velocity becon?es zero. Now the direction of
2 motion of point reversed and it moves from C to A under the
effect of acceleration a.

4

9. (d) The relative velocity of policeman w.r.t. thief
We have to calculate the total time in this motion. Starting
=10-9=1m/s. . - !
velocity at position A is equal to zero.
100
.". Time taken by police to catch the thief = EN =100 sec Velocity at position B= V =at [As u=0]
10. (b) Let car B catches, car A after ‘¢ sec, then A B c,

60t +2.5 =70t — = x 20 xt° 1
2 Distance between Aand B S5 = Eatz

= 10t% 510t%82.5= 0= tA— tf 0.25=0 ) ) )
As same amount of retardation works on a point and it comes

+ - \
1 Ji-4%(025) A 1

=5 to rest therefore Sgc =S,g = Ea t2

2 2
n (d) As vZ =u? +2as = (2u)? =u® +2as= 2as=3u’ 2 ~ ~ -
- S Sac =S +Sgec =at® and time required to cover this
Now, after covering an additional distance s, if velocity becomes distance is also equal to &
v, then,
.. Total time taken for motion between A and C= 2¢
vZ =u? +2a(2s) =u?® +4as =u’® +6u® =7u?
Now for the return journey from Cto A (S AC = atz)
V= ﬁu .
1 1
12. (b) Relative velocity of one train w.r.t. other Spc=ut+ Eatz = at’=0+ Eatf =t = \/E t

=10+10=20m/s.

. . Hence total time in which point returns to initial point
Relative acceleration =0.3+0.2=0.5 m/s p P

T=2t+42t =@2+2)t

If trains cross each other then from S =ut + Eatz

15. (b) Let the particle moves toward right with velocity 6 m/s. Due to
As,s=s; +s, =100+125 =225 retardation after time 1, its velocity becomes zero.
= 225= 20t + = x05xt? = 0.5t% +40t—450 =0 © ‘
2 —— e QA
celtBmE . 0. '
+ B sec
- t:_40_\/:I.GOO+14.(005)><450 — _40+50 1

FromV=Uu—-at= 0=6-2xt, = t; =3sec

. t=10sec (Taking +ve value).

3. d v=0+na=a=v/n But retardation works on it for 4 sec. It means after reaching
point A direction of motion get reversed and acceleration

works on the particle for next one second.



Soa =Ut —%atf :6><3—%(2)(3)2 =18-9=9m

Ss :%xe(l)z =1m

" Sgc=Spa—Sp =9-1=8m
Now velocity of the particle at point Bin return journey
v=0+2x1=2m/s

In return journey from B to G particle moves with constant
velocity 2 m/s to cover the distance 8m.

Distance 8
=—=4sec

Velocity 2

Time taken =

Total time taken by particle to return at point 0 is
=T =ty +tag +gc =3+1+4=8sec.
The velocity time graph for given problem is shown in the

figure.

mls)

4

2 t (sec)

0

Distance travelled S = Area under curve= 2+2=4m

qodv_dvdx dv
Tt fdx/dt [Rdx |

0 S V2 0 X3 4
= Ivdv :—aIxzdx = {?} =—o{?}
0

Vo 0

v dv _ —ax? (given)

1

2 3 2\3

= V_Ozﬁ: S:(%J
2a

Average velocity =0 because net displacement of the body is

zero.

Total distancecovered  2H,.,
Time of flight 2u/g

Average speed =

_2u’/2g

= Vv, =u/2
2u/g &

av

Velocity of projection = v (given)
V,, =V/2

For first stone U =0 and

2
For second stone sz— =4h=> U2 = 8gh
9 —_ u=0
s u=,8gh T [ 5
h .

Now, hl = %gtz l [
h

1
h, :,/8ght—§gt2 u=.8gh

UNIVERSAL
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where, t=time to cross each other.

~+h, +h, =h

1 1 5 h h
= =gt° +48ght—=gt° =h => t=—= | —
2 2 ggh \89

20. (a) For first marble, h; = % gx16 =8¢

b1
:

t=2s

— —

T t3s

— t4s

For Second marble, h, = % gx9=4.5¢g
. 1
For third marble, h; = 7 gx4=2g

For fourth marble, h, = %g x1=0.5¢

.. hy —h, =89g—-4.59=3.50 =35m.
h, —h; =4.59-29 =2.5g = 25m and
h; —h, =2g-0.59g =159 =15m.

The velocity of balloon at height 4, V.= 2(%)’]

When the stone released from this balloon, it will go upward with

Joh

velocity v= (Same as that of balloon). In this condition time

taken by stone to reach the ground

t:l 1+ 1+292h :—“gh/2 1+ 1+2Lh
g v g \l gh/4
24gh

__g_z\ﬁ

9 9

1
For vertically upward motion, h; =v,t Yy g t>and for

vertically down ward motion, h, =V t+ % g t2

.. Total distance covered in tsec h=h; +h, =2v,t.

Let height of tower is A and body takes ¢ time to reach to
ground when it fall freely.

h= % gt? ()

In last second 7e. t™ sec body travels = 0.36 A
It means in rest of the time ie. in (t — 1) sec it travels
=h-0.36 h=0.64 h

Now applying equation of motion for (£ - 1) sec

0.64h =%g(t—1)2 (i)



