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+ Frame of Reference + Uniformly Accelerated + Elementary Concept of
« Motion in a Straight Line Motion Differentiation and
+ Uniform and Non-uniform + Graphs Integration for Describing

Motion Motion

Frame of Reference

The frame of reference is a suitable coordinate system involving space and time used as a
reference to study the motion of different bodies. The most common reference frame is
the cartesian frame of reference involving (x, y, z and t).

(i) Inertial Frame of Reference A frame of reference which is either at rest or moving
with constant velocity is known as inertial frame of reference. Inertial frame of
reference is one in which Newton’s first law of motion holds good.

(ii) Non-Inertial Frame of Reference A frame of reference moving with some
acceleration is known as non-inertial frame of reference. Non-inertial frame of
reference in one which Newton’s law of motion does not hold good.

Motion in a Straight Line

The motion of a point object in a straight line is one dimensional motion. During such a
motion the point object occupies definite position on the path at each instant of time.
Different terms used to described motion are defined below:

Distance and Displacement

* Distance is the total length of the path travelled by a particle in a given interval of

time. It is a scalar quantity and its ST unit is metre (m).

* Displacement is shortest distance between initial and final Displacement

i . . . . . Distance
positions of a moving object. It is a vector quantity and its SI
unit is metre. A
From the given figure, mathematically it is expressed as, (R
B
Ar =1, -r r2
* Displacement of motion may be zero or negative o] X

but path length or distance can never be negative.

e For motion between two points displacement is single valued while distance depends
on actual path and so can have many values.

* Magnitude of displacement can never be greater than distance. However, it can be
equal, if the motion is along a straight line without any change in direction.



Speed and Velocity

Speed is defined as the total path length (or actual distance

covered) by time taken by object.
Speed = Plstance

Time taken

It is scalar quantity. Its SI unit is m/s.

Average Speed, v,,, = Total dlstalAlct:e travelled

When a body travels equal distance with speeds v, and v,,
the average speed (v) is the harmonic mean of the two

speeds.

2 1 1
=" 4 -

Vo, v
When a body travels for equal time with speeds v, and v,,

the average speed v is the arithmetic mean of the two speeds.
ity

Vav = 2
Velocity is defined as ratio of displacement and

corresponding time interval taken by an object.
Displacement

i.e. velocity = ———
time interval

Total displacement _ x, —x, _ Ax
Total time taken t,-t, At

Here, x, and x, are the positions of a particle at the time
t, and t, respectively, with respect to a given frame of
reference.

Average velocity =

For a moving body speed can never be negative or zero
while velocity can be negative and zero.

The instantaneous speed is average speed for infinitesimal
small time interval (i.e. At — 0)

. . A
i.e. Instantaneous speed v = lim il @
M-~ 0Nt dt
The instantaneous velocity (or simply velocity) v of a
moving particleis v = lim — ==
At~ 0 At dt

It (at a particular time) can be calculated as the slope (at
that particular time) of the graph of x versust.

Uniform and Non-uniform Motion

An object is said to be in uniform motion if its velocity is
uniform i.e. it undergoes equal displacement in equal may
be intervals of time, however small these interval.

An object is said to be in non-uniform motion if its
undergoes equal displacement in unequal intervals of
time., however small these intervals may be.

Acceleration

Acceleration of an object is defined as rate of change

of velocity. It is a vector quantity having unit m/s* or ms™2.

2

It can be positive, zero or negative.

Average and Instantaneous Acceleration If velocity of a
particle at instantt is v, and at instantt, is v,, then

v —vi _ Av

e Average acceleration, a,, =

t,—t, At
. . Av _d
¢ Instantaneous acceleration, a = lim Vo4
A0 At dt

Uniformly Accelerated Motion

* A motion, in which change in velocity in each unit of time
is constant, is called an uniformly accelerated motion. So,
for an uniformly accelerated motion, acceleration is constant.

¢ For uniformly accelerated motion are given below

Equations of motion, v =u +at ...(1)
1
s =ut +gat2 ...(i)

and v =u? +2as

where, u = initial velocity, v = velocity at timet
and s = displacement of particle at time¢.

e Equation of uniformaly accelerated motion under gravity
are

@ v=u-gt (i)h=ut —%gtz (iii) v2 =u? -2gh
Elementary Concept of Differentiation
and Integration for Describing Motion

e At an instantt, the body is at point P(x, y, 2).

Thus, velocity along X-axis, v, = dx

oodt
. - dv,
Acceleration along X-axis is a, = d;
. . _dy
Velocity along Y-axis is v, = o
. . dv
Acceleration along Y-axis is a, = d—iv
dz dv
Similarly, v, =— and a, =—%
ST ©dt

¢ For a accelerating body
(i) If a,variable, x =I v, dt, Ide :I a,dt

(i) If a is variable, y =J’ v, dt, J’dvy =I a,dt
(iii) If a, is variable, z =I v, dt, J’dVZ :J’ a,dt
Also, distance travelled by a particle is s :J'| v|dt
(i) x-component of displacement is Ax =J' v, dt
(ii) y-component of displacement is Ay :J' v, dt

(iii) z-component of displacement is Az :I v, dt



Graphs

During motion of the particle, its parameters of kinematical
analysis changes with time. These can be represented on the
graph, which are given as follows:

Velocity-Time Graph
(i) Velocity-time graph gives the instantaneous value of
velocity at any instant.
(ii) The slope of tangent drawn on graph gives instantaneous
. . acceleration.
Position-Time Graph
(i) Position-time graph gives instantaneous value of
displacement at any instant.

(iii) Area under v-t graph with time axis gives the value of
displacement covered in given time.

(iv) The v-t curve cannot take sharp turns.

(ii) The slope of tangent drawn to the graph at any instant of

. . . ; . Different in Velocity-Time Graph
time gives the instantaneous velocity at that instant. erent Cases elocity e Grap

(iii) The s-t graph cannot make sharp turns. Different Cases v- t Graph The main Features of Graph
Different Cases of Position-Time Graph Uniform motion | v ()8 =0°
(i) v = constant
Different Cases s-t Graph The main Features of Graph v =constant | iy Siope of vt graph = a = 0
At rest S Slope=v =0 N
Uniformly v So slope of v+ graph is
accelerated constantu=0i.e.
motion with v=at S0, a = constant u = 0
ot u=0ands =0 ie.v=0att=0
Uniform motion s Slope = constant, att =0
v = constant
-0 Uniformly v Positive constant
S =vt a= accelerated —u+at acceleration because 0 is
motion with v ouTa constant and <90° but the
t uz0buts=0 initial velocity of the particle
‘ ‘ att =0 is positive
Uniformly u=0, ie. Lt
Erﬁft?é?{iji?l’? ’ Slope of s-t graph Uniformly v Slope of v-t graphs = —a
otion wi s =pat? att=0, should be zero. decelerated (retardation)
u=0s=0at motion u
t=0 v=u-at
t
Uniformly Slope of s-t graph gradually to t
accelerated goes on increasing ) )
motion with s —ut +1 at? Non-uniformly v Sllopel of v-t graph increases
uZ0buts =0 2 accelerated with time.
att =0 motion Bis increasing, so,
e acceleration is increasing
Uniformly S O is decreasing
retarded motion so, v is decreasing, a is Non-uniformly v 8is decreasing, so
1 negative decelerating acceleration decreasing
| motion



( DAY PRACTICE SESSION 1)

FOUNDATION QUESTIONS EXERCISE

1 A wheel of radius 1m 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
(a) 2m (b) /2 x ()M +4 (dm

2 In one dimensional motion, instantaneous speed v
statisfies 0<v < v,
(a) The displacement x in time T must always take

non-negative values

(b) The displacement x in time T satisfies —vyT <x<v,T
(c) The acceleration is always a non-negative number
(d) The motion has no turning point

3 A particle moving in a straight line covers half the
distance with speed of 3 m/s. The other half of the
distance is covered in two equal time intervals and with
speeds of 4.5 m/s and 7.5 m/s, respectively. The
average speed of the particle during this motion is

(a) 4 m/s (b) 5 m/s (c)5.5m/s (d) 4.8 m/s

4 Preeti reached the metro station and found that the
escalator was not working. She walked up the stationary
escalator in time ;. On other days, if she remains
stationary on the moving escalator, then the escalator
takes her up in time t,. The time taken by her to walk up

on the moving escalator will be = NEET 2017
@h*tl (b (c) 2 (@)t —t,
2 t, =t t, + 1

5 A body travelling along a straight line traversed one-third
of the total distance with a velocity 4 ms™". The remaining
part of the distance was covered with a velocity 2ms ™
for half the time and with velocity 6ms™ for the other half
of time. The average velocity over the whole time of
motion is

(b) 4ms™ (c)45ms™  (d)3.5ms™

6 A body is moving with velocity 30 m/s towards East. After
10 s its velocity becomes 40 m/s towards North. The
average acceleration of body is

(@) 7m/s®  (b)7m/s® (c)5m/s? (d) 1 m/s?®
7 A body initially at rest is moving with uniform acceleration

am/s2. Its velocity after n second is v. The displacement
of the body in last 2 s is

(@) 5ms™

(@) 2vin-1) (b) vin-1
n n
vin+) 2v(2n+1)
(c) o (d) ;

8 The velocity of a particle at an instantis10ms ™ . After
3 s its velocity will become 16 ms ™. The velocity at 2 s
before the given instant, will be

(b) 4ms™ (c)2ms™ (d) 1ms™

9 An object moves, starting from rest through a resistive
medium such that its acceleration is related to velocity
as,a =3 —2v.Then,

(a) the terminal velocity is 1.5 unit

(b) the terminal velocity is 3 unit

c)

(c) the slope of a-v graph is not constant
(d) initial acceleration is 2 unit

(a)6ms™

10 A particle moves in a straight line with a constant
acceleration. It changes its velocity from 10 ms™' to
20ms™", while passing through a distance 135 min
t second. The value of t (in second) is

(a) 12 (b)9
(c) 10 (d)1.8

11 A particle moving in a straight line with uniform
acceleration is observed to be a distance a from a fixed
point initially. It is at distance b, ¢, d from the same point
after n, 2n, 3n seconds. The acceleration of the particle is

<a)7c‘i§+a (pycrbra *9‘:7:3
(C)c+2t32+a (d)c—b2+a
4n n

12 A car accelerates from rest at constant rate for first 10 s
and covers a distance x. It covers a distance y in next
10 s at the same acceleration. Which of the following is
true?
(@x=3y  (b)y=3x

(c)yx=y (d)y=2x

13 A car starts from rest, moves with an acceleration a and
then decelerates at a constant rate b for sometime to
come to rest. If the total time taken is t. The maximum
velocity of car is given by

abt (b) a°t
@+b) @+b)

at b2t
(© (a+ b) (d) @+ b

14 A particle starts its motion from rest such that its velocity
remains constant. If the distance covered in first 10 s is
s, and that covered in the first 20 s is s,, then
(b)s, =3s;  (c)s, =4s; (d)s, =5
15 A bullet loses 1/20 of its velocity after penetrating a
plank. How many planks are required to stop the bullet?
(a) 6 (b)9 (c) 11 (d)13

(a) s, = 2s,



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

(a)Any speed less than 19.6 ms™
(b)Only with speed 19.6 ms™
(c)Greater than 19.6ms™

(d)At least 9.8 ms™

17 A stone falls freely under gravity. It covers distances
hy,h, and hy in the first 5 s, the next 5 s and the next 5 s,
respectively. The relation between h%, h, and hs is

(@) hy=2h, =3, (b)h1:§2:%3 - NEET 2013
(c)h, =3hyand hy=3h, (d) hy=h,=h,

18 A boy standing at top of a tower of 20 m height drops a
stone. Assuming g =10ms™, the velocity with which it
hits the ground is = CBSE AIPMT 2011

(a) 20 m/s (b) 40 m/s (c)5m/s (d) 10 m/s

19 A ball is dropped from a high rise platform att =0
starting from rest. After 6 s another ball is thrown
downwards from the same platform with speed v. The

two balls meet at t =18 s. What is the value of v ?
= CBSE AIPMT 2010

(b) 55 ms™!
(d) 60 ms™'

(a) 74 ms™!
(c) 40 ms™

20 A body is thrown vertically up with a velocity u. It passes
three points A, B and C in its upward journey with

velocity % , % and % respectively. The ratio of separations

between points AB and between BC, i.e. AB is
BC
10 20
a) 1 b) 2 c) — d) =2
(a) (b) (c) 7 (d) e

21 When a ball is thrown up vertically with velocity v, it
reaches a maximum height of h. If one wishes to triple the
maximum height, then the ball should be thrown with
velocity

(a) V3 v, (b) 3 v, (c) 9v, (d)3/2 v,

22 From the top of a tower two stones, whose masses are in
the ratio 1 : 2 are thrown on straight up with an initial
speed u and the second straight down with the same
speed u. Then, neglecting air resistance,

(a) 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 not be determined with the given data

23 The velocity-time graph of particle comes out to be a
non-linear curve. The motion is

(a) uniform velocity motion
(b) uniformly accelerated motion

(c) non-uniform accelerated motion
(d) Nothing can be said about the motion

24 A graph of x versus tis shown in figure. Choose incorrect
statements from below.
X

A B¢

D/

(a) The particle was released from rest att =0
(b) At B, the accelerationa> 0

(c) At C, the velocity and the acceleration

(d) The speed at D exceeds than at £

25 A particle shows distance-time curve as given in this
figure. The maximum instantaneous velocity of the
particle is around the point

X
2
Time
(a)B (b)C
(c)D (d)A

26 The position-time graph for a uniform motion is
represented as

X X

(@) (b)

AW
: b/

(© (d)

t

L 5t

e

27 Among the four graphs, there is only one graph for which
average velocity over the time interval (O, T) can vanish for
suitably chosen T. Which one is it?

X

(a) (b)




28 A toy car with charge g moves on a frictionless horizontal

plane surface under the influence of a uniform electric
field E. Due to the force gE, its velocity increases from 0
to 6 m/s in are second duration. At that instant, the
direction of the field is reversed. The car continues to
move for two more second under the influence of this
field. The average velocity and the average speed of the
toy car between 0 to 3 seconds are respectively.

= NEET 2018

(a) 1 m/s, 3.5 m/s
(c)2mfs, 4 m/s

(b) 1 m/s, 3m/s
(d)1.5m/s, 3m/s

29 A particle moving along X-axis has acceleration f, at time

tgiven by f =1, Q —%Q where fy and T are constants.

The particle att = 0 has zero velocity. In the time interval
between t =0 and the instant when f = 0, the particle’s
velocity (v ) is

(@) fT (b) %foﬂ (c) T2 () a7

y
2
30 The position x of a particle with respect to time t along
X-axis is given by x =9 t? -3, where x is in metre and t
in second. What will be the position of this particle when
it achieves maximum speed along the +x direction?
(a) 32m (b) 54 m (c)81m (d)24 m
31 An object moving with a speed of 6.25 m/s, is

deaccelerated at a rate given by % = -25.v, where v is

the instantaneous speed. The time taken by the object, to

come to rest would be

(a)2s (b)4s (c)8s (d) 1s

32 A particle of unit mass undergoes one-dimensional

33

34

35

motion such that its velocity varies according to
v(x)=px2"

where,  and n are constants and x is the position of the
particle. The acceleration of the particle as a function of
X, is given by = CBSE AIPMT 2015
(a) _ZnBZX—Zn -1 (b) _2nB2X—4n -1

() ‘2[32X_2n +1 (d) _2n[329—4n +1
A particle moves a distance x in time t according to
equation x =(t + 5)™". The acceleration of particle is
proportional to = CBSE AIPMT 2010
(a)(velocity)®/? (b) (distance)?

(c)(distance) ™ (d) (velocity)?/®

If the velocity of a particle is v = At +Bt?, where A and B
are constants, then the distance travelled by it between
1sand 2sis = NEET 2016
(a) 3A+7B 0 3a+ 78
2 3
A B 3
c)l+=2 d)2A+4B
( )2 3 (d) 5

Two cars P and Q start from a point at the same time in a
straight line and their positions are represented by
Xp(t) = at +bt? and Xq(t) = ft —t°. At what time do the

cars have the same velocity? = NEET 2016
(a) a-f b) a+f

1+b 2b-1)
(©) a+f (d) f-a

2(1+ b) 2(1+ b)

(DAY PRACTICE SESSION 2)

PROGRESSIVE QUESTIONS EXERCISE

1 The motion of a particle along a straight line is described
by equation, x =8 +12¢ —t3, where x is in metre and t in
sec. The retardation of the particle when its velocity
becomes zero, is

(a) 24 ms™ (c)pms™@  (d)12ms™?

2 A body is thrown vertically upward in air when air
resistance is taken into account, the time of ascent is t,
and time of descent is t,, then which of the following is
true”?

@t=t,

(b) zero

(b)t; <ty () ty>ty (d)t=t,

3 A body is moving in a straight line as shown in
velocity-time graph. The displacement and distance
travelled by body in 8 s are respectively

4

Velocity (m/s)
o N

2 4 8
21
_a] t(s) —
(@)12m, 20 m (b)20m, 12m
(c)12m,12m (d)20m, 20 m

Two bodies A (of mass 1 kg) and B (of mass 3 kg) are
dropped from heights of 16 m and 25 m, respectively.
The ratio of the time taken by them to reach the ground is
(a) 5/4 (b) 12/5
(c)5/12 (d) 4/5



5 A balloon rises from rest with a constant acceleration g

A stone is released from it when it has risen to height h.
The time taken by the stone to reach the ground is

(a)4 |7 02 1
g g
2h g
© 2 (@2

6 The ratio of distance traversed in successive intervals of
time when a body falls freely under gravity from certain
height is

(a)1:2:3 (b)1:5:9
(c)1:3:5 (A V1:4/2:43

7 Figure shows the time-displacement curve of the particles

P and Q. Which of the following statement is correct?

X PQ

(a) Both P and Q move with uniform equal speed

(b) P is accelerated and @ moves with uniform speed, but
the speed of P is more than the speed of Q

(c) Both P and Q moves with uniform speeds but the speed
of P is more than the speed of Q

(d) Both P and Q moves with uniform speeds but the speed
of Q is more than the speed of P

8 The velocity (v) of a particle moving along X-axis varies
with its position x as shown in figure. The acceleration (a)
of particle varies with position (x) as

v(ms‘1)

4_

0 2.\ X (m)
(a)a® =x+3 (bya=2x>+4
(c)2a=3x+5 (dya=4x-8

9 Given graph (x-t) representing the motion of an object,
match the terms of Column | with the items of Column Il
and choose the correct options from the codes given
below

Then, match the following columns and choose the
correct option from the codes given below.

Column | Column i
A, PartOA of graph 1. Positive velocity
B. Part ABof graph 2. Object at rest
C. PartBC of graph 3. Negative velocity
D. Point ‘A’ inthe graph 4. Change in direction of motion
A B C D
(a1 2 3 4
(b)y1 3 2 4
(c)2 1 3 4
(4 3 2 1

10 The displacement x of a particle varies with time t as
x =ae” " + beP! where a, b,a and B are positive
constants. The velocity of the particle will
(a)decrease with time (b) be independent of a and 3
(c)drop to zerowhena =B  (d) increase with time

11 A particle is released from rest from a tower of height 3 h.
The ratio of times to fall equal heighth,i.e. t; :t, 1 t5 is

(a)V3:+2:1 (b)3:2:1
(€)9:4:1 (d)1: W2 -1): (/3 -+2)

12 Atrain accelerates from rest at a constant rate a for
distance x; and time t,, it retards to rest at constant rate 3
for distance x, and time t,. Which of the relation is
correct?

@X =904 oy X =P_h
X Bt Xp A i
(C)ﬁ_g_t@ (d) 5 -B_t
X, Bt X, o

13 A dust packet is dropped from 5th storey of a
multi-storeyed building. In the first second of its free fall
another dust packet is dropped from 7th storey 15 m
below the 9th storey. If both packets reach the ground at
same time, then height of the building is

(a) 26m (b) 15 m (c)20m (d)16'm

14 A ball is dropped into a well in which the water level is at
a depth h below the top. If the speed of sound is ¢, then
the time after which the splash is heard will be given by

Of2 .10, 002 10, @ 10, @2 10
(a>hH/;+EE(b)hH/§: EE(C>h%+EH(d)h% CE

15 The displacement-time graph of a moving particle with
constant acceleration is shown in figure. The
velocity-time graph is given by

X (m)



v v
(@) (0)
0 1 2t ON_ 1 2%
v v
© (d)
0 1 2t OLAZI

16 Water drops fall from a top on the floor 5 m below at
regular intervals. The fifth drop is leaving the top at the
instant, the first strikes the ground. The height at which
the third drop will be from ground at that instant is

17

18

From a tower of height H, a particle is thrown vertically
upwards with a speed u. The time taken by the particle to
hit the ground, is n times that taken by it to reach the
highest point of its path. The relation among H, u and n is
(a) 2gH = nu? (b) gH = (n - 2)?1?

(c)2gH =nuP(n-2) (dygH = (n -2)?

A train is moving along a straight path with uniform
acceleration. Its engine passes across a pole with a
velocity of 60 kmh™" and the end (guard’s van) passes
across same pole with a velocity of 80 kmh™". The middle
point of the train will pass across same pole with a

velocity

(a) 70kmh™
(c) 65kmh™

(b) 70.7 kmh™
(d) 75 kmh™

19 A ball rolls off the top of stair way with a horizontal
velocity of magnitude 1.8 m/s. The steps are 0.20 m high
and 0.20 m wide. Which step will the ball hit first?

(take, g =10ms?) (a) First (b) Second
(@)1.25m  (b)215m  (c)2.75m (d)3.75m (c) Third (d) Fourth
1() 2 (b) 3 () 4 (o) 5 (b) 6 (0 7 () 8 (a) 9( 10 (b)
M@ 12()  13@ 14 150k 16 17(®) 18@  19@ 20 (d)
21 (a) 22 (o) 23 (o 24 (b) 25 (b) 26 (a) 27 (b) 28 (b) 29 (d) 30 (b)
31 (@  32(M) 33(@ @ 34(b) 35
1(d) 2 (b) 3 (a) 4 (d) 5 (b) 6 (c 7 (0 8 (d) 9 () 10
1Md 120 13  14@ | 15(d) | 16(d) | 17() = 18() = 19 (d

SESSION 1 = AA' 3 Ift, and 2t, are the time taken by the
1 Horizontal distance covered by the = \(TR?) + (2R} particle to cover first and second half
wheel in half revolution 1R. distance, respectively.
=R\ +4 x/2 _x
tl = '~ ==
A '
Final =Tt +4 [R=1m] 56
7 Clearly x, = 4.5t, and x, = 7.5,
/,/’/ 2R 2 The maximum distance covered in So, x, + x, = X _ 45t, +7.5,
- ¢ time T'isv,T. 2
Ax d Therefore, for the object having or t, =~
R 2
one-dimensional motion, the 24
So, the displacement of the point displacement x in time T satisfies Total time, = ¢, +2t, =~ + >~ =%
6 12 4

which was initially in contact with
ground

-voT<x<v,T.

So, average speed = 4 m/s



4 Speed of walking =h v,
t,
_h_
Speed of escalator = STV
2

Time taken when she walks over
running escalator

Ot= h

v, t v,
Dl:&+&:l+l|:|t: tltz
t h h t, t ty +t,

5 Let total distance be s and the time taken
to cover first one-third distance as t,,

thent, = B _ s

Now, lett, be the time for the rest two
journeys. Then,

2—5221‘2 + 61, =8t,
3
O tzzzi:i
24 12

00 Average velocity
_ Total displacement

Total time

_ s _ s
ty+2t, S5 .S
12 6

x _
_ 12 x 6 = 4ms!

12+ 6
6 Average acceleration
_ Change in velocity
Total time

_ 4(30F + (407
10
_ /900 + 1600

10

_ <2500 -2

=5ms
10

7 Displacement in last2 s

1

=~ an* -~ a(n -2)*

=2a(n-1)

Acceleration, a= v [+t = n second]

n
2v(n-—-1)
n

Displacement in last2 s =

8 Using equation of motion,
v =u + at, we get

16 =10 + 3a
0 a=2ms™?
and 10=u +2x2
[u =required velocity]
| u=6ms "

9

10

11

12

The meaning of terminal velocity is
constant velocity. For constant velocity,
acceleration should be zero (i.e. a = 0).

A =3 -2v
or 0=3-2v
OVelocity, v = 3 = 1.5 unit
2
From equation of motion,
v =u® + 2as
2 _ 2
0 g=V "u
2s
= M =" = II'IS_Z
2x135 270 9
From first equation of motion,
vV=u+at
0 tzv—u:20—10: 10 -9
a 10/9 10/9
Using equation of motion,
s=ut + 1mfz, we get
2
. t = 0 t=n t = 2n
a
“—
b
C
_ 1,2
b-a=un+ = An
O 2b—2(1:2un+An2 (D)
Again, ¢ - a = u(2n) + Z A@nY  ..(ii)

On substracting, Eq. (i) from Eq. (ii), we
get

c-a-2b+2a=An’
c—-2b+a

n2

A=

From equation of motion, we have
1 C e
s =ut + = at? where, u is initial
2
velocity, t is time and a is acceleration.

Since, car accelerates from rest
u=01t=10s

0 s=o0+ % xax(10)? =50a  ..(0)
Also, v =u+ at
where, v is final velocity.
0 Velocity after 10 s is
v=0+ax10
v =10a =10 x > (i)
50

In the next 10 s car moves with constant
acceleration and with initial velocity v.

Ds'=V1.‘+lat2
2
:ixjo x 10 +1 xi X100 =3s
50 2 50

Given, s = xand s' = y

a vV =3x

13

By equation of motion, we have

T

14

15

3 Car comes to rest
\ —t

Since, body starts from restu = 0.
Lett, be time when body accelerates
and ¢, when it decelerates.

0 t=t, +t,0t, =t -1
O v=0+at, =at, ()
When car finally comes to rest, v = 0
O 0=v —bit —t,) .. (i)
From Egs. (i) and (ii), we get
t, = tandv=_20 4

(a+b) (a+b)

We know that from second equation of
motion
s=m§+lat2 ...(1)
2
Given distance, s = s, in first 10 sec
and distance, s = s, in first 20 sec.
andu =0

So, =Lag, 7 (i)
2
= Lalt, (i)
2
From Eqn. (ii) and (iii), we get
2 2
i:gi%: 0 :1|:|Szz451.
s, [0 0 4

The final velocity after it passes the
plank is 19u
20

Bullet
=[>

u

1

\ | L

19u
20

Let x be the thickness of the plank, the
deacceleration due to resistance of plank
is given by v* = u® + 2as

where, v is final velocity, u is initial
velocity, ais acceleration and s is
displacement.

Here, v = 19 u

20

D% Q =4’ +20X|:|2(1X—ﬁu2
400

Suppose the bullet is stopped after
passing through n such planks. Then,
the distance covered by bullet is nx.

O O=g}9gu2+20nx
0

2
0 —g?ﬁuzznx—sguz n=—361=9
0 400 39
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17

18

19

Time taken by ball to reach maximum
heightv =u - gt

At maximum height, final speed is zero
ie.v=0

So, u=gt

In2s, u=2x98=196ms™"

If man throws the ball with velocity of

19.6 ms ', then after 2 s it will reach the

maximum height. When he throws
second ball, first is at top. When he
throws third ball, first will come to
ground and second will at the top.

Therefore, only 2 balls are in air. If he
wants to keep more than 2 balls in air,
he should throw the ball with a speed

greater than 19.6 ms ™.

For free fall from a height,u = 0
Distance covered by stone in first 5s,

1 25 .
h, =0+ -g(5f =22 ...(1)
1 Zg 5 g
Distance covered in first 10s,

1 v 100
s, =0+ -g(10f = ——
2 2g 5 8
U Distance covered in second 5s
hZ:SZ _hl :loog —@ :E
2 2 2

Distance covered in first 15s,

Sy = 0+%g[15)2 =%g

..(ii)

Distance covered in last 5s,
h =8, — S :&g—@g :1275
3 = 53 75 2 2 2
...(iii)
From Egs. (i), (ii) and (iii) we get
hy :hy:h, =298 :—75g :7125g =1:3:5
2 2 2
O h1 = hi h73
3 5

From the equation of motion

v: =u* + 2gh

Given, u=0,
0 v = ,/2gh
Given, g =10ms ™%, h =20m
v =2gh = /2 x10 x20=20 ms ™"
For first ball, u =0

1 5 1 ., _1 ;
s, =ut + -~ gt? = ~gt* =~ g(18}
1 Zg 2g1 Zg

For second ball, s, =vt, + %gtz

| t, =18 — 6 =12s
| sZZVX12+%g(12)2
Here, s, =35,

%g (18Y =12v + %g (127

O v =73.5~74 ms "

2

20 Here, for point A = L - u? = —2gh,
4
.
for point B = — -u* = -2gh,
9

21

22

23

24

2
and for pointC = llLG -u? = -2gh,

c
hy e
A
J 1
hW
N
v B 30_u® 5
g AB=— —-"-—=__[1—
2¢ B 4B 2¢ 36
2 2
BC:L@—ﬁD:L 7
2¢ B6 9B 2g 144
AB _ 5 _ 144 _20
O = - x ==
AC 36 7 7

We have, v? = u* - 2gh

Here, v=0u=v,

O 0=v} -2gh 0 v, = /2gh
When h' = 3 h, then

v =28 x3h =3/2gh =3 v,

[
lz

Ground

Applying equation of motion for both
particles 1 and 2

For particle 1,

vi=u® +2as O Vf =u? -2gh ...()

For particle 2, v3 = u* - 2gh ... (i)
Hence, v, = v,

Both the stones will have same speed
when they hit the ground.

Velocity-time graph gives the
instantaneous value of velocity at any
instant. For non-uniformly accelerated
motion, v+ graph is non-linear.

From graph, whent = 0, the particle is

released from rest at A, hence, v = 0. At
B, the graph is parallel to time axis,
hence velocity is constant there. The
acceleration a is zero.

At C, the graph changes slope, where
velocity and acceleration vanish.

Average velocity for motion between A
and D is negative, because the value of x
is decreasing with time t. The slope of
graph (which represents speed) is more
at D than at E.

25 At instant instantaneous velocity of

particle is given by
ds
dt
From figure shows that slop of curve is
maximum at point C.

v = = tan®

26 Tor object at rest, the position-time

graph is a straight line parallel to the
time axis.

x (m)

40

20 +

27 In graph (b), one value of displacement

is obtained at two different time.
Thus, the average displacement of
particle is zero. As average velocity
_ Displacement

Time
So, average velocity would be zero.

28 Given condition can be represented

through graph also as shown below.

J

(ms™) + 6

-6

O Displacement in three seconds
= Area under the graph
= Area of AOAO' + Area of
AAO'B - Area of ABCD

><l><6+1 x1 X6 —1 X6 x1
2 2

1
W N =

m

O Average velocity = 3 - 1ms™,
3

Total distance travelled,d = 9m

0O Average speed = g =3ms ™

29 Acceleration,

_dv _ t
=
- _t :
or dv = f, @1 Tﬁdt ...(1)
On integrating Eq. (i) both sides, we get
0 V=f0t—f—0L5:+C (i)
T 2



30

31

32 a=

33

34

After applying boundary conditions v =0

att =0, we get
Cc=0
f, Eﬁ
O v=ft -4 it
fo T o (iii)
. t
Given, f:fOQI_FQ

Substituting, f = 0, t =T in Eq. (iii),
then velocity,

= gor - fod =1y
Given, x = 9t* - ¢* ...(1)
dx _d 3
Velocity, v = — = = (9t* -t
YV a T dr! )
d -10
=18t - 312 B D xn = et
H dx =
Also, Acceleration
a=4 =i(18t 3t2)=18 - 61 ...(ii)
dt dt

Now, speed of particle is maximum,
when its acceleration is zero, i.e. a = 0
i.e. 18-6t =0o0rt =3s

Putting in Eq. (i), we obtain position of
particle at the time

x=9(3)% -(3)° =54m

Given, d—V = -2.54v
dt

O d7=—25dt

<3

0 LSZS v Y4y = —z.sj'é dt

0 -2.5[1] =[2v'?]9,,
O Timet =25

ov _ ov 0X ov

= = — X — X
o ax  at  ox

We have v = fx 2"

ov -2n -1

— = —-2nPx

o0x P

Acceleration,
= (=2nBx 2" 71) x (Bx )

a=-2np*x 7!

Given, x=(t + 5"

Q:F:(ti-F 5]3 ...(11]

On comparing Egs. (i) and (ii), we get

0 [V]3/2

Velocity of the particle is given as

v = At + Bt?

where A and B are constants.

0 oo m? 0., = &0
dt B dt

O dx = (At + Bt?)dt

Integrating both sides, we get
dx = [ (At + Bt*)
IX1 I

-y 5 = 2,2
A x=x, Xl—AJ'ltdt+BJ'1tdt
_owedped
_ADED‘FBDED
v 04 0° O
=A@ -+ L@ -
2 3

U Distance travelled between 1s and 2s is

=2 x@+ B
2 3

= §A + ZB
2 3
35 Velocity of each car is given by
dx, (t
Vp = L(] =q + 2bt
dt
t)
andv, = =f -2

Itis given thatv, = v,
O a+2bt=f-2

O t:g
2(b+1)

SESSION 2

1 Given, x = 8 + 12t —¢°

We know
v= dx and acceleration a = dv
dt dt
So,v=12 -3t and a= -6t
At t=2s,v=0 and a=-6x2
a=-12m/s®
So, retardation of the particle
=12 m/s*

First of all note that, air resistance acts
in direction opposite to the motion of
body. So, when a body is thrown up,
then both the deaccelerating forces, i.e.
gravity and air resistance act in same
direction. Thus, total deacceleration is
a, =g + a,, where a,, is deacceleration
due to air resistance which is assumed
to be constant.

If u be the initial velocity and ¢, be the
time of ascent, then

L, = oru=t,(g+a,)
gt q
2
and h=— % (D)
2(g *+ ay)

Also, t, is time of descent, then
h=ut + % a,ts

As, a, = g - a,, during descent
2

o4

2(g + a, )

=0 +% x[g —ao] xt%

[using Eq. (i)]

3 Displacement

=(2%x4-2x2+2 x4) =12m

Distance=2 x4 +2 X2 +2 x4 =20m

4 For a freely falling body,

1 2

h=-gt

Zg

0 b md

h, 0,0
Given, h; =16m, h, =25m

5 From equation, v? =u? +2as

u:(la:g
8

We have, v = |2 Eg@h

When the stone released from this
balloj)& It will go upward with velocity
gh

2

Given,

In this condition, time taken by stone to
reach the ground

+ 1"'@5
2
v-u
|j+ 1+ Zghg
gh/4[|

:2\/g7h:2
8

t

o0 | <
OGLO

E

Qg

0q |

6 The distance, x = ut + % at?

For free fall starting from rest,

u=0a=g O legt2
2

0 T or ar

9 72 9 (472 9 (or2

g7 9 ar 9 (a1
0 5 2( ) 2( )
0toT | Ttoor 2Tt 3T
912 Gu-yrr | d9-41° 95T2
2 2 2

O Required ratio,
Sr12.8372. 8512 =1:3:5
2 2 2
7 As x-t graph is a straight line in either
case, velocity of both is uniform. As the
slope of x -t graph for P is greater,
therefore velocity of P is greater than
that of Q.
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10

11

12

Given velocity (v }position (x) graph is
shown in figure.

1% (ms‘1)

4A

O é\ X (m)
We know that, acceleration,
a=va ()
From the graph, we have
XY c102x+v =4 .. (i)
2 4
O dv _ _ 2 .. (iii)
dx
From Eqs (i), (ii) and (iii), we get
=(4-2x)(—-2)= -8+ 4x
0 a=4x-8

In (x -t) graph OA - Positive slope —
Positive velocity
AB - Negative slope — Negative velocity
BC - Zero slope — Object at rest

T A

X

0] P

At point ‘A’, there is change in sign of
velocity, hence the direction of motion
must have changed at ‘A’.

Given, x = ae ™ + be®
Velocity, v = ﬁ
dt

= —qoe ™ +bBeP' = A+ B
where, A =-aae™®, B =bBef
The value of term A = — age ™
decreases and B = bpe® increases with
time. As a result, velocity goes on
increasing with time.

7th Dzh—fg[tl+t2)z

and 3h=—-g(t, +t, +1)°

)=1:42:43
(V3 -+2)

N\r—\

t](t +t, +i,
(W2 -1):

Consider the diagram

ie. ty:(t, +
or ty:t,:ly
X1, t1 X2’ t2

v=20 a B v=20

Velocity, v, =0+ at, =at;

13

14

15

16

Similarly, v, =B t,

a _ i, .
As, at, =Bt, 0 =—=2 .
1 =Bty B, (i)
1 .
X, —0(t1)+70((t1]Z .(ii)
1
Xy _(qt1]t2 + 5(_8)&2)2
1
X5 :[Btz](tz]_gs(tz]z
[using Eq. (i)]
O X, =%Bt§ ...(iid)
From Egs. (ii) and (iii), we get
X _ ot _ %ﬁ (iv)
x, Bt [Bt g
* [using Eq. (1]
From Egs. (i) and (iv), we get
a_t X
Bt x
O E = til = ﬁ O X = E = ti
a t, x x, a 1,
From the relation,
1 . .
h=Zgt (1
58 (i)
h —15=§g(t -1)? J(ii)
1 2 1 2
gt -15=2g(t -1
th Zg( )
[from Eq. (i)]
%g[tz ~(t 1)’ =15
C+t-1)( -t +1)=2%2=3
g
[g =10 m/s?]
2t -1=30 & 2s
O h:%xmxzxz:ZOm

Time of fall = 2k
8

Time taken by the sound to come out
h

Cc

O O
Total time = &+ﬁ=}, 2 .1
g ¢ gh

From the given graph, for0<t <1s,
slope of x+ graph is decreasing, this
implies v (velocity) is increasing.
For1<t < 2s, slope of xt graph is
increasing, this implies v is increasing.
Thus, the above conditions is only
satisfied by the graph in option (d).

By the time fifth water drop starts
falling, the first water drop reaches the
ground. This means,

1 2
u:(lh:,
zgf
_1 2
0 5= 2 x10 Xt
2
O t=1s

17

18

19

Hence, the interval of falling of each

water drop is o025
4

When the fifth drop starts its journey
towards ground, the third drop would be
in air for 0.25+ 0.25=0.5s
Height (distance) covered by third drop
in air is
== gt = x10 x(0.5f

=5x0.25=1.25
Therefore, the third water drop will be
ata height=5-1.25=3.75m

At highest point of path, velocity = 0
t = E
8
Given, time for the particle to hit the
ground = nt (1)

Now, —H =u (nt)- =g ( (nty

Oo0=u-gt O

1

2

211Z
2

8

un F1H-
g O
0 —H:nﬁ—ii
8 2 g

0O - 2gH 2nu*
0 2gH = n*u*

0 2gH = nu’® (n - 2)

O -H= gn

o DN

n*u?

- 2nu?

From v? - u?

(80F - (60F _ <

2a

= 2as, we get

6400 — 3600 _ 1400
2a a

The middle point of the train is to cover
a distance

0 Distance, s =

E = Q
2 a
Again, from v? —u? =2as,
- (60 =2a x 700 _ 1400
a

2 =1400 + 3600

Velocity, v =+/5000=70.7 kmh™!
Let ball strike the nth step of stairs.

Vertical distance travelled

=ny =n x0.20 =%th

Horizontal distance travelled

=nx =ut
O t:ﬁ
u
o ts g -1
2 u 2 u
2
DH:ZLX
g X
_2x(1.8f x 0.2

=4
9.8x (0.2)*



