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CONCEPTS

C1A DISPLACEMENT & DISTANCE

Displacement is defined as the change in position vector of the particle during a time interval whereas
distance is defined as the length of actual path. Displacement is a vector quantity whereas distance is a
scalar quantity.

CiB VELOCITY AND SPEED
Average Velocity : The change in position vector i.e. displacement divided by time interval during which
this change occurs is known as average velocity. For example, a particle changes its position from x. to x,
along x - axis at time t and t, respectively . Then average velocity along x-axis is given by :
X=X AX
vt ot, A
Instantaneous Velocity : It is given by V = lim A—?=£ \Y :d_X :d_y
y:REOVENBY T7 S0 At dtt X dt' Y dt
Average Speed : The average speed of a particle in a time interval is defined as the distance travelled by the
particle divided by the time interval.
Instantanous Speed : The instantaneous speed equals the magnitude of the instantaneous velocity. The
instantaneous speed is given by V = lim — = % where As is the distance travel during time At
A0 At dt’ '
Practice Problems :
1 Which of the following statement is true ?
€)] |displacement| < distance
(b) |Average velocity| < Average speed
(©) distance and average speed never be zero or negative
(d) all the above
2. Atrain travels from one station to another at a speed of v, and returns to the first station at the speed
of v,. The average speed and average velocity of the train is respectively
2V,V, 0 0 2V,V, 2V,\V, 2V,V,
@ VY, (b) "V, +V, © 00 @ iy v vy,
3. A particle covers.one quarter of a circular path of radius R. It takes time T. The average speed and
the magnitude of average velocity are given by respectively.
@ RAR o mRER 2R V2R V2R R
2T T 2T ' 2T T T T 2T
[Answers : (1) d (2) a (3) a]
C2 ACCELERATION

Average Acceleration : Average acceleration is defined as the ratio of change in velocity to the time taken.
AV V-V

YAt -t

(initial time) respectively.

<a>=a

L, where V. and V, are the velocity of the particle at t, (final time) and t,

. . L . Vit ~ Vi Av
For straight line motion (i.e. along x-axis) d,, = = .
t -t At

X
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dv
Instantaneous Acceleration : Instantaneous acceleration is defined as a = E
o o ) dv,
For straight line motion (i.e. along x-axis) a, = at
Accelerati o b OladvxdxvdvX
cceleration can also be expressed as = =
P T dx dt X dx

For uniform velocity 8 =0.

C3  Flow chart to find displacement, velocity & acceleration :
Y dx . dv _y dv
| slope on x-t ‘l, | slope on v-t \l,
Displacement Velocity Acceleration
T Area under v-t | T Area under-a-t |
b ty Vi Xg
Xf_Xi:J.th Vf—ViZJadt or JVdVZ J-adx
4 t; Vi X;

Practice Problems :
1 A particle moves along a straight line such that its displacement at any time t is given by

(t - 3t2 + 2)m. The displacement when the acceleration is zero

(@) Om (b) 2m (c) 3m (d) -2m
2. The initial velocity of a particle is u and the acceleration at time t is at, a being a constant. Then the

velocity v at time t is given by

1

(@) v=u (b) v=u+at (©) v=u+at? (d) v:u+5at2
3. The displacement x of a particle moving in one dimension under constant acceleration is related to

the time t ast = Vx + 3. The displacement of the particle when its velocity is zero is

€)] Zero (b) 3 units (c) V3 units (d) 9 units
4. The velocity of a particle moving on the x-axis is given by v=x?+ x where vin m/s and x is in m.

Its acceleration in m/s? when passing through the point x = 2m.

(@) 0 (b) 5 (c) 1 (d) 30

[Answers: (1) a(2)d (3) a(4) d]
C4 GRAPHICAL REPRESENTATION
1. The average velocity between two points A and B is the slope of line AB, whereas the instantaneous

velocity of the particle at P is the slope of tangent drawn at this point.
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Consider the velocity time graph for a particle moving along the straight line as.shown in figure. Let the
magnitude of area of the triangle OAB is A, and BCD is A, then

Distance = A, + A,
Magnitude of displacement = |A - A |

3. The average acceleration between two points A and B is the slopeof line AB, whereas th e instantaneous
acceleration of the particle at P is the slope of tangent drawn at this point.

v
p B
A
t
Practice Problems :
1 The velocity of a car moving along straight road is changing with time as shown in figure
v(m/s) A
60
20
30 40 50 60\ 170 (s)
-70
Then :
€)] The maximum acceleration of the car is between 40s to 50s.
(b) The total distance covered by the car is 650 m
(©) The total displacement covered by the car is 320 m
(d) During the journey there is always non-uniform motion.

[Answers : (1) a]
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C5  Some typical graph : In the following graphs time is on the horizontal axis whereas displacement or
velocity on the vertical axis

GRAPHS Displacement time Velocity time

»
|

1. Uniform velocity
2. Acceleration is zero

1. Particle is at rest
2. Velocity is zero

v

1. Uniform positive velocity
2. Acceleration is zero Uniform positive acceleration

v

- Uniform negative velocity Uniform retardation & then
. Acceleration is zero uniform negative acceleration
|-
-
Uniform positive acceleration Positive increasing acceleration

if the graph is parabolic

v

Uniform retardation Decreasing acceleration
if the graph is parabolic

QNI

v

C6 MOTIONWITH CONSTANT ACCELERATION, ALONG STRAIGHT LINE ORRECTELINEAR
MOTION

For a uniformly accelerated motion along a straight line (sav x-axis) the following equations can be used.

o

O (XOn O)
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X=X, +Uu(t—t)+%2a(t-t)
v.=u-+a(t-t)

u, +v,
X=X, + T(t—to)
vi=uZ+2a (X=X)
The symbols used above have following meaning;
X, — Initial position of the particle on x-axis at initial time t,.
u,—> Initial velocity of the particle along x-axis.
v_— Velocity of the particle at any position x and any time t.
a_— Constant acceleration of the particle along x-axis.
NOTE :

we must decide at the beginning of a problem where the origin of co-ordinates is and which direction is
positive. The choices of frame of reference are usually a matter of convenience.

Practice Problems :

1 A particle starts with velocity u along a straight line path with constant acceleration. It ends its

journey with velocity v. The velocity of the particle at the mid point of the journey is
V+U ) vZ+u? 2vu . 2v2u?
a _ c i

@ 5 ® ©  yig @ vy
[Answers : (1) b]

C7  Vertical Motion Under Gravity
If a body is moving vertically downwards or upwards; it experiences a downward acceleration due to the
gravitational force of the earth. This is called acceleration due to gravity and is denoted by the symbol g.
Strictly speaking g is not a constant, but varies form place to place on the surface of the earth and also with
height. However the variation of g is so small that it can be neglected and g can be considered a constant
unless very large heights are involved. Therefore, we can use the above equations of motion for constant
acceleration.
For solving problems of vertical motion under gravity, either the upward or the downward direction is taken
as positive. If the upward direction is taken as positive, then g becomes negative and vice-versa. The signs
of other quantities like initial velocity, initial position will be decided according to the frame of reference.
Practice Problems :

1 A stone is dropped from the top of a 30 m high cliff. At the same instant another stone is projected
vertically upwards from the ground with a speed of 30 m/s. The two stones will cross each other after
a time t and-the height it which they cross each other is h then (g = 10 m/s?)
(@) t=2s,h=25m (b) t=1s,h=25m
() t=1s,h=15m (d) t=2s,h=15m

2. A particle, dropped from a height h, travels a distance 9h/25 in the last second. If g =9.8 m/s?, then h
is
(@) 100 m (b) 1225 m (c) 145 m (d) 167.5m
[Answers : (1) b (2) b]

C8A MOTION IN APLANE OR 2D MOTION

If a particle is moving in a plane, its motion can be split into two rectilinear motions along two
perpendicular directions. These two motions can be treated independently of each other and then the results
can be combined according to the rules of vector addition & requirement of the problem.

Now, if the acceleration is constant, then the motions along the two axes are governed by the following two
sets of equations :
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X-direction Y-direction
X=X, +Uu(t—t)+%2a(t-t) y=y,+ uy(t -t)+% ay(t -ty
v.=u-+a(t-t) vy:uy+ay(t—t0)
szﬁ%(t_to) y=y,+ %(t_to)
vi=uZ+2a (X=X) \/y2 = uy? +2a v-v,)

Horizontal projection
Suppose a body is projected horizontally from a certain height h with a speed u then

timeof flight= T = /& and the horizontal range= R =uT =u f&
g g

Oblique Projection
Suppose a body is projected with initial velocity u at an angle 6 with the horizontal.

0] The equation of the trajectory of the projectile is y = (tan 0)x — el ¥ 2
2u®cos’
which represents a parabola.

2¢in?2 . s 2usin©
(ii) Maximum HeightH=$ Giiy  Timeof Flight T=

2 .
(iv) Horizontal RangeR = u°sin26

Two important points to be noted concerning horizontal range R :
For a given velocity of projection, R is maximum when 6 = 45°,
For a given velocity, there are two angles of projection for which the range is the same.

T
If one of these angles is 0, the other is E -0.

Practice Problems :

The x and y coordinates of a particle at any time t are given by x = 3t + 4t2and y = 4t where x and y
areinmandtins. Then

€)] The.initial speed of the particle is 5 m/s.
(b) The acceleration of the particle is constant.
(©) The path of the particle is parabolic.

(d) All are correct

A particle is projected with speed u at an angle of 6 with the horizontal. Another particle of different
mass is projected with same speed from the same point. Both the particles has same horizontal
range. Let the time of flight and maximum height attained by the first particle and second particle
aret, h andt, h, respectively. Then t./t, and h /h, are given by respectively

(@) tano, tan?0 (b) coto, cot?0 (©) coto, tan?0 (d) tano, cot?0
Let the maximum height attained by the projectile is n times the horizontal range. Then the angle of
projection with the horizontal is given by

(@) tan-n (b) tan2n (c) tan-3n (d) tan-4n
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4, Two projectiles are projected from the same point with the same speed but at different angles of pro-
jection. Neglect the air resistance. They land at the same point on the ground. Which of the following
angle of projections is possible ?

T T T T
a —+06,—-0 b —+06,—-0
@ 370y ®y 370
TE -
(©) 915—9 (d) all are possible

5. If y = ax — bx? is the path of a projectile, then which of the following is correct
(@) Range = a/b (b) Maximum height = a¥/4b
(c) Angle of projection = tan-a (d) all are correct
[Answers: (1) d (2)a(3)d (4) d (5) d]

C9 RELATIVE MOTION

Ifx ., is is position of A with respect to B then x ., = X, — X, where X, and X, are the pesition of Aand B with

respect to some common frame of reference. In the similar way for relative velocityv,, = v, —v,.
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