A 24
STUDY URCL:

YOUR GATEWAY T0 EXGELLENCEAN

I1T-JEE, umgni@ase EXAMS

IT-JEE

NEET

CBSE

> CH:01 UNIFORM MOTION
> CH:02 UNIFORMLY ACCELARATED
MOTION

> CH:03 MOTION IN A PLANE

CH:04 VECTORS
CH:05 UNIFORM CIRCULAR
MOTION

CONTACT US:

+91.9939586130
+921.9955930311

§JL
www.aepstudycircle.com




: P IT-NEET-CBSE CBSE || PHYSICS
UL o3 (;IRCIICE KINEMATICS

TAXI
AN UNUIFORM MOTIOMN
»

4 TAX! " o .
MOTION IN A STRIAGHT LINE @ @ URIIT-1: CH -01

1. Mechanics: It is the branch of physics that deals with the conditions of rest or motion of the
material objects around us.

2. Statics: It is the branch of mechanics that deals with the study of objects at rest or in equilibrium.

3. Kinematics: It is the branch of mechanics that deals with the study of motion of objects without
considering the cause of motion.

4. Dynamics: It is the branch of mechanics that deals with the study with the study of motion of
objects taking into consideration the cause of their motion.

5. Rest: An object is at rest if it does not change its position w.r.t. its surroundings with the passage
of time.

6. Motion: An object is in motion if it change its position w.r.t. its surroundings with the passage of
time.

7. Rest and motion are relative terms: Nobody can exist in a state of absolute rest or of absolute
motion.

8. Point object: If the position of an object changes by distances much greater than its own size in a

reasonable duration of
time, then the object may be regarded as a point object.

9. One dimensional motion: The motion of an object is said to be one dimensional motion if only
one out of the three coordinates specifying the position of the object changes with time. In such a
motion, an object motion along a straight
line path.

10. Two-dimensional motion: The motion of an object is said to be two-dimensional motion if two out
of the three coordinates specifying the position of the object change with time. In such a motion,
the object moves in a plane.

11. Three-dimensional motion: The motion of an object is said to be three-dimensional motion if all
the three coordinates specifying the position of the object change with time. In such a motion, the
object moves in space.

12. Distance or path length: It is the length of the actual path traversed by a body between its initial
and final positions. It is a scalar quantity. Its Sl unit is metre. It is always positive or zero.

13. Displacement: It is defined as the change in the position of an object in a fixed direction. It is given
by the vector drawn from the initial position to the final position of the object. It is a vector
guantity. It can be positive, negative or zero. Its Sl unit is metre.

14, Speed: It is rule of change of position of a body in any direction.

Speed = Distance travelled

Time taken
15. Uniform speed: An object is said to be moving with uniform speed if it covers equal distances in
equal intervals of time, however small these time intervals of time.
16. Variable speed: An object is said to be moving with variable speed if it covers unequal distances in

equal intervals of time.
17. Average speed: It is equal to the total distance travelled by the object divided by the total time
taken to cover that distance.

Average speed: Total distance travelled
Total time taken
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Instantaneous speed: The speed of an object an any particular instant of time or at a particular
point of its path is called the instantaneous speed of the object.

Instantaneous speed, v= |lim  Ax=dx

At—0 At dt
Velocity: It is the rate of change of position of an object in a particular direction. It is equal to the
displacement covered by a body per unit time.
Velocity = Displacement
Time

Velocity of a vector quantity. Its Sl unit is ms™ and dimensional formula is [M°L! T™1].
Uniform velocity: A body is said to be moving with uniform velocity if it covers equal
displacements in equal intervals of
time, however small these time intervals may be.
Variable velocity: A body is said to be moving with variable velocity if either its speed changes or
directional of motion changes or both change with time.
Average velocity: It is equal to the net displacement covered divided by the total time taken.

vav = Net displacement = x; — x1 = Ax

Total time taken  to—t1 At

Instantaneous velocity: The velocity of an object at a particular instant of time or at a particular
point of its path is called its instantaneous velocity.

v= |lim Ax=AX

At—0 At dt

Uniform motion: An object is said to be in uniform motion if it covers equal distances in equal
intervals of time, however small these intervals may be, in the same fixed direction.
Displacement in uniform motion: If at time t = 0, the displacement is xo, then

X =Xo + vt or X=X =vt or s=vt
Non-uniform motion: A body is said to be in non-uniform motion if its velocity changes with time.
Acceleration: The rate of change of velocity of an object is called its acceleration.

Acceleration = Change in velocity

Time taken

Acceleration is a vector quantity. Its Sl unit is ms= and its dimensional formula is [M°L! T2].
Uniform acceleration: If the velocity of an object changes by equal amounts in equal intervals of
time, however small these intervals may be, then the object is said to move with uniform or
constant acceleration.
Variable acceleration: If the velocity of an object changes by unequal amounts in equal intervals
of time, then the object is said to be in variable acceleration.
Average acceleration: The average acceleration of an object between two points on the path of its
motion is defined as ratio of the change in velocity to the total time interval in which that change
has taken place.

Aav=V2—Vi = Av

th—t1 At

Instantaneous acceleration: The acceleration of an object at a given instant of time or at a given
point of its motion is called its instantaneous acceleration.

a= lim “Av=dv=dix

At—>0 At dt dt?

Positive acceleration: If the velocity of an object increases with time, its acceleration is positive.
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33. Negative acceleration: If the velocity of an object decreases with time, its acceleration is negative.
Negative acceleration is also called retardation or deceleration.

34. Equations of motion for constant acceleration
(a) In conventional form: Let u be the initial velocity of a particle, the uniform acceleration, v its
velocity after time t and s is the distance travelled in time t, then the following equations hold

good:

()v=a+at (i)s=utuxt (iii) s = ut + % at? (iv) v2 —u? = 2as
2

(v) s=vt—% at? (Vi) snth=u+a/2 (2n—-1)

where sn w = the distance travelled in n*" second.

(b) In Cartesian form: Suppose a particle moves with uniform acceleration a along X-axis. Let xo
and x be its position co-ordinates and vo and v be its velocities at time t = 0 and t respectively.
Then the following equations hold good:

(i) v=vo+at (i) x=xo+Vvot+% at> or s=vot=1 at?
(i) v2 = vo® + 2a (x — Xo) = Vo? + 2as (iv) snth=Vvo+a/2 (2n—1)
35. Free fall: In the absence of air resistance, all bodies fall with the same acceleration near the

surface of the earth. This

motion of a body falling towards the earth from a small height is called free fall. The
acceleration with a body falls is called acceleration due to gravity and is denoted by g. Near the
surface of the earth, g =9.8 ms™.

36. Motion under gravity: For a freely falling body, the following equations of motion hold good:
(jv=u+gt (i) s = ut + % gt? (iii)v2—u?=2gs
When a body falls freely under the action of gravity, its velocity increases and the value of gis
taken positive.

When a body is thrown vertically upward, its velocity decreases and the value of g is taken
negative.
For a body thrown vertically upward with initial velocity u, we have
(i) Maximum height reached, h = u?
2g
(ii) Time of ascent = Time of descent =u
g
(iii) Total time of flight to come back to the point of projection = 2u
g
(iv) Velocity of fall at the point of projection = u
(v) Velocity attained by a body dropped through height h, v = \/Zgh

37. Position-time graph: It is the graph between the time t and position x of a particle relative to a

fixed origin. Its slope at any point gives the instantaneous velocity at that point.

(i) For a stationary object, the position-time graph is a straight line parallel to the time axis.

(ii) For a body in uniform motion, the position-time graph is a straight line inclined to the time axis.
(iii) For uniformly accelerated motion, the position-time graph is a parabola.

38. Velocity-time graph: It is a graph of time versus velocity. Its slope at any point gives the
acceleration at the corresponding instant. Distance covered in time t equals area under the
velocity-time graph bounded by the time-axis.

(i) For uniform motion, the velocity-time graph is a straight line parallel to the time axis.
(ii) For uniform acceleration, the velocity-time graph is a straight line inclined to the time axis.
(iii) For variable acceleration, the velocity-time graph is a curve.
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39. Relative velocity: The relative velocity of an object B with respect to object A when both are in
motion is the rate of change of position of object B with respect to object A,
?BA —9\/3 ?VA
Relativglelgcit;of object B w.r.t. object B,
Vag = Va—Vs
When both the objects A and B move in the same direction,
VAB = VA— VB
When the objects B moves in the opposite direction of A,
VAB = VA + VB
When va and v are inclined to each other at angle 0,
vag = VV2a + V2B + 2vavs cos (180° — 6)
=Vv2a + v23 — 2va Vg COS O
If vas makes angle B with va, then
tanB=__vssin® .
VA — Vg COS O
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We commonly observe that bodies are either in motion or at rest. A body is said to be in
motion if it changes its position w.r.t. its surroundings with the passage of time. A car speeding
along a highway, a train running on a railway track, a man walking on the road — all these are
the examples of objects in motion. A body is said to be at rest if it does not change its position
wrt. its surroundings with the passage of time. A book placed on the table remains on the table
and we say that the book is at rest. Although the study of objects at rest is important, a large part
of our everyday experience concerns the things that move. For this reason, the study of motion is
one of the basic studies in physics. In this chapter, we shall discuss the motion in a straight line
i.e., rectilinear motion.

MECHANICS

The branch of physics which deals with the study of forces and motion and their relationship
is called mechanics.

= | STATICS

MECHANICS |

KINEMATICS

- | DYNAMICS

() Statics. The branch of mechanics which deals with objects at rest is called statics. Statics
is of central importance in the design of bridges, buildings and other structures.

(if) Kinematics. The branch of mechanics which deals with the motion of objects only
without considering the cause of motion is called kinematics. In other words, kinematics
does not consider the size, shape, mass etc. of the body; it is restricted to properties of
the motion. Note that the word kinematics is derived from the Greek word kinema mean-
ing “motion”.

(7iify Dynamics. The branch of mechanics which deals with the cause of motion is called
dynamics. In fact, in dynamics, we study the effect of forces in causing motion. Therefore,
mass of the object must be considered. Note that the word dynamics is derived from
Greek word dynamis meaning “power”.
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& CLASSICAL MECHANICS: (Newtonian Mechanics): Mechanics which deals with the study of motion of
the moving bodies with speed much less than the
speed of light in air / vacuum (3x108m/s).

Ex: Motion of bus, Motion of Bike, Motion of train etc.

& RELATIVISTIC MECHANICS: Mechanics which deals with the study of motion of the bodies moving
with the speeds comparable to the speed of light is known as Relativistic
mechanics.

REST AND MOTION

Rest. An object is said to be at rest if it does not change its position w.r:t. its surround-
ings with the passage of time. For example, a book placed on the table remains on the

table i.e., it does not change its position with time wzt. its surroundings. We say that the
book is at rest.

Motion. An object is said to be in motion if it changes its position wr.t. its surroundings
with the passage of time. For example, a speeding car is in motion because as the time
passes, the car changes its position wr:t. its surroundings e.g., electric poles, trees, build-
ings efc.

REST AND MOTION ARE RELATIVE TERMS

For example : A passenger sitting in a moving train is at
rest with respect to the fellow passengers but at the same time
he is in motion with respect to the objects outside train. So, the
object may be at rest w.r.t. one object and at the same time it
may be in motion w.r.t. another object. Hence, rest and motion
are relative terms.

Absolute Rest and Motion are Unknown.  In order
to know whether the position of any object changes with time
or not, a point which is absolutely fixed in space has to be
chosen as reference point. But there is no such point in space.
The earth revolves around sun, the solar system travels through
our galaxy, the milkyway and cluster of galaxies with respect to
other clusters. Hence, no object in the universe is in the state
of absolute rest. So, the absolute motion cannot be realised in
practice. Thus, we consider only the relative rest and relative
motion in practice.

Absolute rest is complete absence of motion . Also, Absolute rest is beyond our imagination because all heavenly
bodies are moving w.r.t each other,
Absolute rest is practically not possible because we do not have any reference point which is absolutely fixed (rest)

in space .
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CONCEPT OF POINT OBJECT OR PARTICLE

When any moving object covers a very large distance as
compared to the size or dimensions of the object, then to study
the motion of that object its dimensions or size may be
neglected and the object is regarded as a point object.

“An object is said to be point object if its dimensions (i.e., Length, breadth
and thickness) are negligible as compared to the diktance travelled by it”.

“An object is said to be a point object if it changes its position by distance which are much greater

than its size”. _ ) _
For example : (i) Earth can be considered as a point object

for studying its motion around the sun.

(i) A car travelling several hundred kilometres can be
considered as a point object.

(iii) Train going from Delhi to Chennai, then train is
considered as a point object.

Explanation: Actual motion of definite size (or large size) objects is quite complicated. This is because, the actual
motion of these bodies is in fact combination of Translational and Rotatory motion. But if we consider a
point mass body than it has only one type of motion at a time.

TYPES OF MOTION
In general, the motion of a body can be of three types viz.
(/) Translatory motion
(i7) Rotational motion
(ii7) Oscillatory motion

(/) Translatory motion. A body is said to have transalational motion if each particle of the
body has the same displacement in the same time interval. In other words, in this type
of motion, every particle of the body covers a definite distance in definite times in linear
paths. The motion of the body of a car moving on a straight road is an example of
translational motion.

If a single particle or a point mass moves in a straight line, it is called rectilinear motion.

(i) Rotational motion. A body is said to have rotational motion or rotatory motion if each
particle of the body (except those on the axis of rotation) travels in a circle. The axis of
rotation is a straight line that consists of the centres of the circular motion of the particles.
The motion of a door being opened or closed is an example of rotational motion. The line
along the hinges is the axis of rotation.

If a single particle or a point mass moves in a circle, it is called circular motion.

(iir) Oscillatory motion. A body is said to have an oscillatory motion if it moves to and fro
repeatedly about a fixed point called mean position e.g., swinging of a simple pendulum,
If the amplitude of oscillatory motion is extremely small, the motion is called vibratory
maotion.
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< Rectilinear motion can be uniform or non uniform .

@ |n translation motion , a line joining any two points on the body remains parallel to itself through out the motion of the body,
@ During T. motion of the body , there is change in the location of the body .

@"C.M and R.M can be uniform or non uniform . If C.M and R.M are sneiferme then these are called as periodic meotion .

;‘IX[S of rotation

-y
e T
-
-

_______
-
-

_________

Concentric circle

% During rotational motion of the body , there is change is orientation of the bady , but there is no change in the location of |
the from of the axis of rotation.

If in the 0.M , the amplitude is very small ( microscopic ), the motion of the body is said to be vibratory motion .
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LOCATION OF POINT IN SPACE

The space we live in is three dimensional i.e.. we can
specify the position of any point in space with three num- ¥
bers. To do so, we choose a convenient point O as the
origin. Through O, we draw three mutually perpendicular
axes QX , QY and OZ as shown in Fig. 6.1. This is known
as rectangular (cartesian) coordinate system. The three num-
bers — the distances along OX axis, QY axis and OZ axis —
will specify the position of the point P in space. We say that O
coordinates of point P are x, y and z. If all the three coor-
dinates x, y and z of an object remain unchanged with time,
we say the object is at rest wizt. the coordinate system. If
any one or more of the object’s coordinates change with
time, we say that the object is moving wrt. the coordinate =
system.

Pix, v 2)

b-l

e

FRAME OF REFERENCE

When we want to specify the position of a point object
which is in motion, we need to use a reference mark and a system
having a set of axes. The most convenient system for this is
rectangular co-ordinate system which consists of three mutually
perpendicular axes, labelled X— Y— and Z—axis. The point of
intersection of these three axes is called as a reference mark or
point. This point acts as a reference point or the position of the
observer. The observer has a clock with him to record the time.
The position of object at a given instant of time can be described
in terms of position co-ordinates (x, y, z,). This co-ordinate system
along with a clock constitutes a frame of reference.

Hence, the frame of reference is a system of co-ordinate
axes attached to observer (having clock with him) with respect
lo which the observer can describe the position, velocity,
acceleration etc. of moving object.

OR

The fixed point or place or reference mark w.r.i. which the
position, displacement, velocity, acceleration of a body or an
object is measured.

1. Inertial frame of reference : 4 frame of reference which
is either at rest or moving with uniform velocity is called as
inertial frame of reference. In this frame of reference, Newton’s
law of motion hold good.

For example : A frame of reference attached to a person in
bus at rest or bus i1s moving with uniform velocity along a

N straight line. Fixed stars in sky form an inertial frame of reference.
Types of Frame of Reference >

1]

Earth revolves around the sun in almost circular orbit and
also spins about its own axis. Due to this, the velocity of earth
keeps on changing with time. Hence, Newton’s first law of motion
does not hold good for earth. Thus, the frame of reference

2. Non-inertial frame of reference : An accelerated or
moving frame of reference is knmown as non-inertial frame of
reference. In this frame of reference, Newton’s laws of motion
does not hold good.

attached to a person on earth for observing the things outside
the earth is non-inertial frame of reference. However, for the
motion of objects on earth, the earth is considered to be at rest.
This frame of reference attached to a person on the earth is
taken as inertial frame of reference .

For example : A frame of reference for person in a bus
moving with variable velocity or moving with some acceleration
along a straight line or straight path. All rotating frames are
non-inertial.
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MOTION IN ONE. TWO AND THREE DIMENSIONS

The position of a particle in space is expresses in terms of three rectangular co-ordinates x , y & z .( three mutually
perpendicular lines, also called as co-ordinate frame) When these co-ordinates change with time , then the particle is said to
be in motion (it is not necessary then all the co-ordinates may change with time .) Even if one or two co-ordinate change with
time , the particle is said to be in motion . Accordingly , we have three types of motion : -

1. One Dimensional Motion : The motion of any object is
said to be one dimensional if only one out of the three co-
ordinates is required to specify the position of the object with
the passage of time.

Examples of one dimensional motion:

In one dimensional motion, object moves along a straight
(i) Motion of a train along a straight track.

line or well defined straight path. Hence, one dimensional motion

is sometimes called as linear or rectilinear motion. (ii) Motion of a freely falling body.
o A@®__
le . o1 he

I

Let any object is moving along X-axis in a straight line. At
time ¢ object is at point A such that OA = x. So, in order to
know the position of object at any time 7 only one co-ordinate
is required, i.e. distance x. Hence, the motion of an object in
which only one co-ordinate is changing with time is called as

one dimensional motion. > X2 >
X1 I-I
o @7 d "X

The motion of an object is said to be one dimensional if only one of the three coordinates
of the object changes with time,

2. Two Dimensional Motion : The motion of any object is
said to be two dimensional motion if two out of the three co-
ordinates are required to specify the position of object with
the passage of time in plane.

Let a particle moves from position A to B in plane, then its b

x co-ordinate changes from x; to x, and y co-ordinate fromy, & [~~~ 7T >~ 1 B2, ¥2)
to yy, A :
. . . S I ¥ A T(x1. ¥1) 1
Examples of two dimensional motion: ”T | |
(i) Motion of planets around the sun. N i |
| |
(ii) A car moving along a zig-zag path on alevel road. ! :

N |

>X

When an object moves in plane , then its position can be described by knowing its distance from two mutually | " co-
ordinate axes, say x and y .
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(0 Three Dimensional Motion : The motion of any object
is said to be three dimensional if all the three co-ordinates

are required to specify the position of object with the passage
of time in space.

In this motion, three co-ordinates are changing with time
so called as three dimensional motion. Let a particle moves in
space from position A to B. Here, the co-ordinates (x;, y;, z;)
change to (x,, y,, z5) as the particle goes from A to B.

Z E(12> ¥2. Z3)
s

Examples of three dimensional motion:
(i) A kite flying on a widely day.
(if) Motion of an aeroplanein space.

Y

@ |n 3 — D motion three co-ordinates (x, y, & z) are required to describe the position of the object an instant.

v

When a particle moves from A to B, the rectangular co —ordinate (x, y, z) changes from (x;, y1, z1 ) to (X3, ¥3, Z3).

SCALAR AND VECTOR QUANTITIES

1. Scalar quantities : The scalar quantities are those
physical quantities which have only magnitude and no
direction. e.g., mass, length, time, speed, work, power etc. are
scalar quantities.

@ Scalars can be added, subtracted, multiplied and divided
by simple algebraic methods. A scalar may be positive or
negative. A scalar 1s specified simply by number and unit, where
number represents its magnitude.
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2. Vector quantities : The vector quantities are those
phyvsical quantities which have both magnitude as well as
direction. e.g., displacement, velocity, acceleration, force, torque,
momentum etc. are vector quantities.

(0 Vectors cannot be added, subtracted, multiplied by simple
algebraic methods. For these operations, we have to use the
laws of vectors. The division of a vector by another vector is
not a valid operation in vector algebra, because the division
of a vectar by direction is not possible.

A vector can be represented by a single letter in bold face
or by a single letter having an arrowhead on 1it.

—> —
P =AB
Ae = B
{Tail) ? (Head)
_)

Length AB of vector gives magnitude of vector P and
arrowhead gives the direction. Point A of the arrowed line is
called tail or origin of the vector. Point B which lies at the end
of the arrowed line is called as tip or terminus or head of vector.

MOTION IN A STRAIGHT LINE

1-D motion can be represented graphically by plotting a graph between the position of a body and time taken by it. This
graph is called position time graph.

o i) Origin , unit and sense of ( passage of time)
% The starting point of the particle along a straight line is called origin { O).
% The instant of time taken when the motion of the particle is taken as zero time.
%" The choice of origin of lime is purely arbitrary (Swachhand).
@ The time interval between events does not change with the change of origin of time .

oooUnit of Time : - Second , minute , hour, day & year .

eeConclusion :- i) The origin of time axis can be shifted to any point on the time axis.
i) The time measured after the origin of time axis ( right of origin ) is taken as positive .
iii)The time measured after the origin before the origin of the time axis ( left of origin ) is taken as negative .

iv) The time interval between two points on the time axis does not change due to shift on the origin of time axis.

t=0 t=2h t=4h t =6h

5 I ) b
10am 12am 2 pm 4 pm
t=-4h t=-2h t=0 t=+2h
| | | |

o Al d £
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ee Origin unit & Direction for position measnrement

Consider an object moving along a straight lime . The starting point of the object is called origin (O ). The point O is
considered as the reference point for the measurement of the position of the object.

| | T i R
5 2 1 o 1 ko

1
=T

oo Conclusion

i} The location & position of the object or any instant of time is measured from the origin .
ii) The origin of position can be shifted to any point in the position axis .
x=0 10 km 20 km 50 km

AI BI C

x=-20 X=-10km x=0 X =30 km
| |
A B C

iii) The right side of the origin ( O) is known as positive side & the origin is taken as negative side .
iv ) In case of vertical motion ( y- axis )

----- Distance measured above again = +ive
----- Distance measured below origin = -ive
v ) The distance between location on position axis does not change due to shift in the origin of position axis .

& The position of a moving point object can be written as ‘x’. where x = position of the particle at any instant from the
origin O. As the position goes on changing with passage of time , so the position ‘X’ depends on time .
i.e, position is a function of time (t ).

O x = f ()5 Equation of motion of a point object .

DESCRIPTION OF MOTION

To describe the motion of an object, we need the concepts of displacement, velocity and
acceleration. These are vector quantities i.e., they possess magnitude as well as direction. For the
motion of an object in two or three dimensions, the detailed knowledge of vectors is essential.
However, for one dimensional motion, we need only one axis (e.g., x-axis or y-axis) to indicate
the position of the object. For such a restricted motion, there are only two *possible directions viz.
positive and negative. Therefore, vector symbols are not needed for one dimensional motion. The
sign (+ or — ) indicates the direction of motion along the axis. In this entire unit, we shall study

the concepts of displacement, velocity, acceleration and related topics considering one dimensional
motion.
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DISTANCE AND DISPLACEMENT

DISTANCE (PATH LENGTH) Distance or path length of an
object in motion in a given time is the length of actual path

travelled/traversed by the object in that time.
OR
It is the length of actual path travelled by the object in

the given time during the motion.

Units of Distance :
SI unit of distance is metre (m).
CGS unit of distance 1s centimetre (¢cm).

C

But in our daily life, we come across the bigger units of
distance e.g. kilometre.

Dimensional formula of distance is [M°LT]

Fig. 6

1. Illustrations for Distance : If object goes from A to C, C

to B and B to A in time # then total distance/path length of
object in time 7 = AC + CB + BA.

Characteristics :

1. Distance is a scalar quantity.

2. Distance travelled by a body in a given interval of
time 1s always positive.

3. Distance travelled by vehicles 1s measured by a device
ODOMETER, fitted on the dash board of vehicles.

4. It can never be zero or negative.

DISPLACEMENT It is the shortest distance travelled by the object between
initial to final positions of object.
The displacement of the object is the change in the position
of object in a particular direction. It is represented by a vector
drawn from initial to final position of the object.

Displacement is a vector quantity as it posses both magnitude and direction .
Displacement | R | = V3ia =V25 = 5em.

Displacement = A% -

armw%ad areindicating that the object is displaced Cto A, then displacement _Ci
=-CA (Mag. same but opposite direction )
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Ilustrations for Displacement :

1. TIf the object goes along path ABC, then displacement

—

of the object is AC . The arrow head at AC shows - -
that the object 1s displaced trom pomnt A to C but 1f the Units of Displacement

object 1s displaced from point C to A, then displacement ST unit Ofdisplacement 1S metre (m)

is CA . N CGS unit of displacement is centimetre (cm).
2. If the object goes from A to B, B to
C and back to A in time 7, then

displacement of the object in time # & Cc

—>

—_—
willbe AA = O.

Dimensional formula of displacement is [M°LTY].

— iplacement of an object in motion can be positive,
negative or zero.

(1) Displacement of an object is positive if Xp > X;.
0 A@ B ()
o ° —
S Xj 2l
IS X N
Fig. 9
Let an object is going along positive X-axis in a straight Ad =xp —x;
line. At time ¢ = 0, object is at point O and at time 7 = r objectis | Asx, > x; Ad = +ve
at point A having displacement x; and at time ¢ = ¢ displacement

18y (it) Displacement of an object is negative if xp < x;
9 =0 é ® ]._3. ©) X Let the object goes from point A to B to the left in time # to
fe—x,—| ¢, then displacement is negative.
< i § 0 B(0) A0
Fi.8 ;
Ad = Xp=X; k Xy N
Ad = Final position — Initial position Fig. 10
(Ad — displacement of particle. x; and x¢be initial and final Ad =x-x;
positions of the particle.) Asx<x, Ad=-ve,

Zero displacement : The displacement of the object is zero
if the object remains stationary or it moves from point A to B

towards right and then moves back from point B to A along
negative X—axis

TO
>
w

%
X
Fig. 11
Here Xj =Xy
Ad _Xf
Ad =10
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oo Characteristices of displacement
1. Displacement has the units of length.

2. Displacement of any object in a given interval of time
may be positive, negative or zero.

3. Displacement of any object 1s a vector quantity as it has
both magnitude and direction.

4. Displacement of any object in the given interval of time
1s independent of choice of origin.

Let the origin is at point O shifted from O to O'. The particle
goes from A to B in time 7, then displacement of particle/object
in time f = x5 — X,.

< Iz' 2
O O le——x;'—> A B
@ @ o—
le Xy >
l& X2 >
Fig. 12

Now, the origin shifts from O to O’ and the object moves
from point A to B in same time ¢ So, the displacement in this

case is again same, i.e. = x5 — x| =AB

Hence, x,—x; =AB =x},) — x|

5. The actual distance travelled by the object in the given
interval of time 1s always greater than or equal to
displacement.

Let an object goes from O to A along the +ve X—axis and

—_—
then from A to B along —ve X-axis, then displacement is OB

e LN |

Ad < X2 21
3 X1 >

Actual distance = OA + AB 1s greater than displacement

—
OB~
3 X Me—x0—3
0
o o >
A B
Fig. 14
Secondly,
Actual distance moved = OA + AB
—

Displacement = OB

Actual distance = Displacement.
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6. Displacement of an object between any two points is the
unique path between these points.

7. Displacement of an object between two positions does
not give any information regarding the path followed by
object.

8. Displacement of any object 1s the shortest path between
two positions.

A Path1 ~

9. Displacement between any two positions i1s independent
of the actual path followed by object in moving from one position

to other.
Distance Displacement
1. It is the actual path It is the shortest path
travelled by object. travelled by the object
between initial and final
positions.
2. Distance is a scalar  Displacement is a vector
physical quantity. physical quantity.
3. Distance travelled by the Displacement of the object
object is always positive. in given interval of time
may be positive, negative or
Zero.

4. Distance travelled by the  Displacement is independent
object depends on the of the path followed by the
shape of the path object between initial and
followed by object. final positions.

& Distance is always positive . It never decreases with time .
€ Displacement can decrease or increase with time .

p-ix) Displacement is a single value function of time i.e. a particle can not be as two position or two different position at the
same the sametime.
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m Speed of any object is the rate of change of position of the
object with time in any direction. It is equal to the distance
travelled by the object in motion per unit time.

Speed of any object in motion is the ratio of total path
length (distance) and the corresponding time taken by the
object i.e.,

Total path length or total distance
Time taken

Speed =

eSpeed has only magnitude and no direction, so it is a scalar quantity.
@ Also the distance travelled by an object is either positive or zero, so the speed may be positive or zero but never negative.

@The Sl unit of speed is ms™.
@ The CGS unit of speed is cms™.
TThe dimensional formula of speed is [M°L! T™].

Different Types of Speed :

1. Uniform speed. An object is said to be moving with a uniform speed (i.e., constant s
speed) if it covers equal distances in equal intervals of time, however small these time
intervals may be. Distance T°
Thus if a car moves with a uniform speed of 60 km/hr for 2 hours, the distance covered (@ m)T 5

by the car in 2 hours = 60 x 2 = 120km.

0 2 4 6 8
——> Time (in s)

2. Variable speed. An object is said to be moving with a variable speed if it covers equal
distances in unequal intervals of time, however small these time intervals may be. stance

—> Time

3. Average speed. When an object moves with a variable speed, we generally describe its
motion in terms of average speed.
The average speed of an object is the total distance covered divided by the time taken
to cover the distance i.e.,
Total distance covered
Time taken
For example, if a car covers a distance of 200 km in 4 hours, then average speed of the
car = 200/4 = 50 km/hr. Note that average speed tells us nothing about the different
speeds and variations that may have taken place during the journey.

Average speed =

If an object covers distance Ax in time Az, then

Average speed v,, = % . (Ax =xp—x; At =1—1)
r
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4. Instantaneous speed. When an object is moving with a variable speed, it has different
speeds at different instants of time.

The speed of an object at a given instant of time is called its instantaneous speed.

Instantaneous speed of any object is the limiting value of
the average speed when the time interval approaches zero.

Let Ax be the distance travelled by any object in time Af

Ax
cLAverage speed, v, = ——
ge sp av Ar
TAX dx
o = Lt [Ax)_ &
So Ving = &ILt (Vo) = Af0 kAI) d
R
ms d},‘

dx
where E is differential co-efficient of x w.r.t. r i.e, first

derivative of distance with respect to time.

1. Speedometer of an automobile indicates the
instantaneous speed of object at that instant.

2. If the ohject is moving with uniform motion, then
average speed of object = instantaneous speed of object.

m Average Speed in Different Situations :

L If a body travels equal distances with speed v, v,
and v3 respectively, then average speed
3vy v v
Uy = 1 Y2 V3 .
VjUy + U3 + VU3

II. A body covers different distances with different velocity.
Let a body covers distances x, X9, X3 ...c..... etc.
with speeds vy, Uy, Uz eeeneee etc.

total distance travelled =x, + x,+x;+

A o) X3

Total time taken = — + — + — + .....
Yy U2 U3
If x; =x, = x say i.e, the body covers equal distances with
Xp o+ Xy 4 Xy different velocities, then
average speed, v,, =

xl X2 .X3 X+Xx 2x
—_— Yy = =

v v U3 o L L) [t

Ui Uz ()
((2v,v, )
’Uav = ——
v +Uy

So, average speed is harmonic mean of individual speeds.
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IIl. Suppose a body travels with speed v, v,, v3  In
times #;, 75, 3, -ooveeeee- then

Total distance travelled = v 7] + Usfr +U3f3+ ..
total time taken =# + 17, + 5 ...

'Ul_rl + 'Uz.f? -+ ’U3f3 + .....

Vay =
H + +13 +.....

If #y=t,=1y=1say

Ugy =

s.average speed is equal to arithmatic mean of the
individual speeds.

ELOCIT

It is the fime rate of change of position or displacement of
the object in a given direction.

Velocity of an object is defined as the displacement divided by the time taken for the displace-
ment i.e.,

Velocity — Displacement

Time

Units of Velocity
SIunitof velocity ism s~ and CGS unit of velocity iscm s~
It is also expressed in km h!.

Dimensional formula of velocity = [M°LT1]

@ As velocity has both magnitude as well as direction, so
velocity is a vector guantify.

@ Velocity of an object can be positive, negative or zero
according to the displacement which can be positive,
negative or zero.

@ As distance = displacement i.e., distunce is greater than
or equal to the magnitude of displacement so speed of
the body is also greater than or equal to magnitude of
velocity.

Types of Velocity A

1. Uniform velocity : An object is said to be moving with
uniform velocity if it covers equal displacements in equal to T
- - - X
intervals of time howsoever small the interval may be.

CBSE--PHYSICS A EPSTUDY CIRCLE
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2. Variable velocity/Non-uniform velocity : An object is
said fo be moving with variable velocity if it covers equal
displacements in unequal intervals of time or unequal

displacement in equal intervals of time.
OR

An object is said to be moving with variable velocity if
either its speed or the direction of motion or both changes
with time.

3. Average velocity : Average velocity of any object moving
with variable velocity is the ratio of its total displacement to
the fotal time interval in which that displacement occurs.
Total displacement

Total time

Average velocity =

— —
Let x; and x, be the displacements or positions of any
object at time 7, and 7,, then

- — s
Y275 Ax
t, — 4 Af

Vg =

4. Instantaneons velocity : It is the velocity of the object at
a particular instant of time.

OR
Instantaneous velocity of any object is the limiting value
of the average velocity when the time interval approaches oo, = lim 2% = ax
Zero. " Ar—0 A7 dr
where m is the differential co-efficient of x w.r.t. time (¥).
FORMULAE FOR UNIFORM MOTI The formulae which connects position, velocity and time
of an object are called formulae for uniform motion.
z=0) (t=t1) (t=12) N
o A B C % Let an object is moving with uniform velocity v along the
X, —» +ve X-axis, origin for the measurement of its position is O, and
; X . the origin for the measurement of time is the instant object is at
) . - point A,
[ Xo >

At time 7 = 0 object is at point A having displacement from
origin x; :
At time £ = ¢, object reaches point B having displacement

—

X1 from O.

At time 7 = ¢, object reaches point C having displacement
N

Xy from O,
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=
Displacement of object in time (¢, — 0) = X; — Xg

y = ———— 80 X4~ Xy :U(tl)
f —0
- - -
= X =X+ vy (1)

And displacement in time (£, — 0) = x_; - X

N - N
v — XZ_XO S0 JCQ—)CO :"U(Iz)
> 5> o
= .xz = .XO + v rz "‘(2)
Subtracting eqn. (1) from eqn. (2)
— — — —
Xo— Xy :'Ufz—'Url
—> —* —3
x2_xl :'U(rz—rl)
— - -
X =X+ U (fz — Il) (3)

Relation (1), (2) and (3) represents formulae for uniform
motion along straight line.

- =
x— Xy = Displacement in time internal (7, — 0)

> >
X— X, =s(say)so s=v1
This equation can be used to calculate the distance travelled
by object in uniform motion.

M Some Important Features of Uniform motion :-

P i) For a uniform motion along a straight line in a given direction , the magnitude of displacement is equal to the actual
distance covered by the object .

P ii) The velocity in uniform motion is independent of choice of origin ,

B i) The velocity in uniform motion does not depends upon the time interval { t; — ty)

P iv) The velocity of an object is taken to be positive If the object is moving towards the right of the origin and is taken to
be negative if the object is moving towards the left of the erigin .

P v) No force is required for an object to be in uniform motion .

P vi) The average & instantaneous velocity have same value in a uniform motion .

--- The velocity shown in a velocity t;rce graph for an object having uniform velocity is a straight line parallel to time axis .

velocity >

v
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1. Average speed of any object is equal to average
velocity 1t it travels in a straight line without change

RINEMATICS
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in its direction of motion.

2. Average speed of any object is greater than average
velocity if it travels in a straight line but changes its 1.
dircction of motion.

3. Average speed and instantaneous speed of object are

equal if the object moves with constant speed. 2,
4. Speedometer of a vehicle measures its instantaneous
speed. 3

5. Magnitude of average velocity may or may not be
equal to average speed.

6. When any object is moving along a straight line in 4.
definite direction, then distance travelled by object is
equal to the magnitude of displacement. Hence, both
instantaneous and average speeds are equal. 5.

Speed

Speed of a body is the
distance travelled by it per
unit time.

Speed is a scalar physical
quantity,

Speed of a body is always
positive.

Speed tells nothing about
the direction of motion of
body.

Speed of any body is
always equal to or greater
than the velocity of body.

Velocity

Velocity of a body is the
displacement of the body
per unit time.

Velocity is a vector physical
quantity,
Velocityofabodymay  be
positive, negative or zero.

Velocity tells about the
direction of motion of body.

Velocity of any body is
equal to or less than the
speed of body.

The distinction between speed and velocity can be made
more clear if we refer to Fig. 6.11. Here a car is moving
round a circular track at a constant speed of 40 km/hr.
At every point on the track, the speed is the same i.e.,
40 km/hr. But at every point (such as 4, B and C) the
velocity is different. Thus the magnitude of velocity at
points 4, B and C is the same but the direction ofR
velocity is different. Therefore, we note that velocities
at all points (e.g., 4, B and C) are different, even though
the magnitudes of the velocities are same.

0

i Speed constant
Velocity different

C
Fig. 6.11

Examples Based on Distance,

Displacement, Speed and Velocity

Formulae used

(i) Distance covered = Length of actual path covered by
body.

(ii) Displacement = vector drawn from initial to final position
of body.

Units used

Total Distance Covered
Total time taken

All distances and displacements are in metre or (kilometre),
average speed, average velocity are in m 57 or sometime
km h!, time in second (or hour)

1

(iii) Average speed =

(iv) A loci X3 — X Ax All velocities are in m s~
iv) Average velocily v, = —— = —
¢ Y S t, — 4 At
Ax dx
Y= Lt U e = Lt _— = —
(V) Vins Ar—»D( av ) Ar—>0( A7 ) g
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Example 6.1. An object travels different distances with different speeds in the same
direction. Find the expression for the average speed.

Solution. Suppose an object travels distances S|, S,, S, etc. with speeds v|, v,, v; etc. in the
same direction respectively.
Total distance travelled = S, + S,+ S.
. S S, S
Total time taken = —-+—>+ =3

i v W

S, +8,+S;
i+£?_+s3

Average speed

| U
Special case. If the object travels two equal distances (S, = S, = S) with different speeds v,
and v,, then,

_ S+S5 2y,
Average speed = S . s =

Vl + VZ
i W

Example 6.2. An object travels with different speeds during different time intervals in
the same direction. Find the expression for the average speed

Solution. Suppose an object travels with speeds v, v,, v; etc. during time intervals ¢,, f,, f;
etc. in the same direction.

Total distance travelled = v, 7, + v, t, + vyt

Total time taken = ¢, + , + 1,

A d vt tv, t, Tty
verage speed =
g sp f,ti1, +i,

Special case. If ¢, = t,= t; = ¢, then,
vi+v,+Vv
Average speed = +—2—2

3
EXAMPLE 1. A body covers a circular path of radius R in 10
seconds. Calculate the distance and displacement of the body
at the end of 30 seconds and 35 seconds

Solution. Case L. Body covers a circular path in 10 s. So, in
30 s it will cover three circular paths

c.distance travelledin 30 s =3 x 2 aR =6 nR

whereas after covering three circular paths the body will
be at the starting point so displacement = 0

Case II. In 35 seconds, the body will cover three complete
circular paths and one half circular path (3 x 10 +5) s

1
~.distance travelled in 35 s x 2R +E x 2nR ="TnR.
In 35 s, the displacement willbe R + R=2 R
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EXAMPLE 2. Calculate the average speed of a man if he walks
for 1 minute at a speed of 1 m s! and then runs for 1
minute at a speed of 3 m s along a straight track.
Solution : Given
#y =lmin=60s, v; = 1 ms™!
ty =1lmin=60s,v,=3ms"
Total distance = v # + UyfH
=1x60+3 =60-240 m
Total time taken =#;+ ,=00+060=120s
1

4
c.average speed = 120 2ms

EXAMPLE 4. A car covers one third of the total distance with a
speed of 30 km h~! and remaining distance with a speed of 54
km hl. Find average speed of car.

Solution : Let total distance =x

X
3 distance travelled with speed of 30 km h™'.

Remainingkx ] =2—xdlstance with a speed of
54kmh!
X x/3
Time taken to cover dlstance (1) =——=—nNh
3 30 90
2
Time taken to cover =X distance ¢, = 2x/3 =x
3 54 81
s.Average speed = M - *
Total time XX
S0 81
_ x(90 x 81) _ 90 x 8lx
© Rlx + 00x 171x

=42-63 km h™!

EXAMPLE 6. A boy runs from his home to the market 2 km
away. He reaches the market in 60 minutes. Seeing the market
closed, he at once runs back to his home and stops after 30
minutes at his friend’s house which is 1 km away from the
market. Calculate the average speed and magnitude of average
velocity during the journey.

| 1 km |
Q(Home) A{Frlend s house) B(Market)

| 2 km |

Solution. Let O be the home of boy. Point A is friend’s
house and B is market.
Total distance travelled by boy=0B+BA=2+1=3km

Total time taken =60 + 30 = 90 minutes

9 3 .
- _60 = _2 ours
A d——3 —3><2~2k h!
Verage spee - 3f2 - 3 = m

CBSE--PHYSICS
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1 EXAMPLE 3. A car covers first half of total distance with a
speed of 54 km h~! and second half with speed 72 km h1. Find

average speed of car.
Solution : v, =54kmh!; v,=72 km k!

29 2% 54 x 72
v+ Up 54 + 72

Vg =

_ 7776 ym b =617 km bt

126

EXAMPLE 5. A body is moving in a straight line along X-axis.
Its distance from origin is given by equation x = 8¢— # where
xisin m and # in 5. Find average speed of the object in the time
interval =0 and 7 =2 s. Calculate its instantaneous speed at
t=2s.

Solution. Given x=8¢— 1>
Casel: When r=0 .. x,=0

t =2,x=8%x2-(2)=16-4=12m
Ax =x—-x3=12m-0=12m

=2-0=2s
So, average speed in the given time interval,
Ax 12
v, = — = =6mg!

av Af 2

Case II : Instantaneous Speed

S _d 8 — 12
YT dt( -
dt d
= VS % a )
e v =8-=2f

But 1 =2s.. v=8-2x2=4ms!

Total displacement
Total time

Total displacement =0B-BA=2-1=1km

Total ti = 90 minut: *&*ihr

otal time = 90 minutes =~ 5
-. Average velocit =L—£kmh‘[—0-67kmh‘1
~- Average velocity = o= = =
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EXAMPLE 7. A body travels from point A to point B at
40 km h™! and from B to A at 60 km h~!. Calculate average
speed and average velocity.

Solution. Let 7, is time taken by body in travelling from A
to B and £, be the time taken in travelling from B to A, then

L AB - BA
! 40° 2 60
AB  BA
=— 4+ —
40 60
_apl L, 1) _AB
\20 T 60/ T oa
Total distance =AB+BA=AB+AB=2AB

tH+ i,

5.

Total distance
S Average speed = ——————
Total time

_ 2AB  2X24AB
AB/24 AB
As the initial position and final position of the body is
same (i.e., A) so net displacement = 0.

=48 km h™!

Net displacement 0

s Average velocity = AR/24 -

Net time

EXAMPLE 9. A body covers one-third of its journey with speed
‘u’, next one-third with speed ‘v’ and the last one- third with
speed w. Calculate the average speed of the body during the
entire journey.
Solution. Let each distance is x

*. total distance =x+x+x=3x

Time taken by body to cover % rd distance = X

I
1 x
Next — rd distance = —
3 v

Last %rd distance = x

w

-.total time taken for entire journey — * ; * , *

u U W

Total distance travelled
Total time taken

. Average speed =

_ 3x _ 3x
X
—+ —+ x(i+i+ij
u U W U v w

3 _ 3uvw

VW + UW + Uv

uv + vw + uw

How

CBSE--PHYSICS

CBSE || PHYSICS

KINEMATICS

EXAMPLE 8. On a track of 60 km, a train travels the first 30
km with the uniform speed of 30 km h™'. How fast must the
train travel next 30 km so that the average speed will be 40
km h! for the complete trip ?

Solution. Total length of track = 60 kin
Sy =30 kmand S, =30km
So S =8,=58,=30km
v, =30kmh™, v, =40 km h!
Let v, be the speed of train for next 30 km.

Given

Sl +Sz S+8
We know v,, = =
’ L +h s . S
U1 Uy
_ 28 B 2 2v0,
S(L+LJ vy + Uy V] + Usy
Ul ’UQ 'Ul '1)2
2 %30 x v,
= ==
30+'U2
601)2
= 0 =—"""=40030+v)=60v,
30+U2
. 3 3
= 30+v, = EUZ = v, = ?'Uz—30
3 5, ==30 (2_3Jv— 30
= 'Uz—?'Uz == = 2 2=—
1
= — =V ==30 = v, =60kmh!

2

So, the train must travel with speed 60 km h™! in driving
next 30 km.

EXAMPLE 10. A car travels at a rate of 20 km h™! for
10 minutes and then 30 km h~! for 20 minutes. Calculate (i)
Total distance travelled by car and (7)) Average speed of the car
during whole journey.

Solution. Given v, =20kmh™!,

1 ZIOmin:& :Lh (.U :2]

60 6 t
..distance travelled 5, =v,; 7, = 20 x % = 10 km
Also v,=30kmh™! ,=20min = —~ = Lh
60 3
..distance travelled 5, = v, £, = 30 x % =10 km
10

(i) Total distance travelled by car(S) =8, + S5, = ES + 10

40
= Tkm =13-33 km

(i) Average speed = Total distance _ S, +5,
Total time f +1;
1333 1333 — 2666 km |
1.1 12 o
6 3
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EXAMPLE 11. A car covers the first half of the distance between
stations at a speed of 40 km h~! and the second half at a speed
of 50 km h™'. What is average speed of car ?

Solution. Given v, =40 km h™!, v, = 50 km h™!

Average speed of car,

v _ 21}11.)2 _ 2 x40 x 50
T 40 + 50
400
= —— =444 km h!
90 m

EXAMPLE 13. A person walks on a straight road from his
home to a market 3 km away with a speed of 6 km h™'. Finding
the market closed, he instantly turns back and travels with a
speed of 9 km h™\. What is (@) magnitude of average velacity
and () average speed of the person over time interval (i) 0 to
40 min (i) 0 to 50 min.

Solution. Distance of market from home =3 ki

Speed of person in going from home to market =6 km h™!

. time taken by person in going from home to market

[ Distance = 3km _ 1 h =30 min
= = =-—hh =3 .
'™ Speed 6kmmh 2
Similarly, time taken by person in coming back from market
to home

3km 1 .
ty = ———— =~ h=20min
9kmh 3

) _ 1,1 _5, ‘
.. total time taken=1, + £, = 3 + 3" %6 =50 min.
Case L Time from 0 to 40 min

Distance moved by person in 30 min (from home to market)
at a speed 6 kmvh=73 ki
Distance covered in next 10 min (in coming back from market
10 3
to home) at a speed 9 kim/h = 9XE=?—15krn
So, displacement =3-0— 1-5=1-5 km
Total distance travelled by person =3 + 1-5 =4-5 km

Total displacement

fa) Average velocity =

Total time
1-5 90
= = =2+25 km/h
40/60 40
b) A d_m—4'5x3—675km}h
{b) Average spee 20060 2 "

Case IL Distance moved in 30 min = 3 km (from home to

market) at speed 6 km/h
20

Distance moved in 20 minutes (from market = 9 x 0 =3
km to home) at the speed 9 kim/h
Hence, Displacement =3 -3=0
Distance —3+3 —6 ki

: 0
(a) Average velocity = Total displacement = 56 = 0
Total time
(b) Average speed = Total distance travelled
Total time
6 6%6
=35 "% =72 km/h

—h
6
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EXAMPLE 12. A man moves in a semicircular track of radius
40 m. If he starts at one cnd of track and reaches the other
end, find the distance covered and displacement.

Solution. Radius of the semicircular track (R) =40 m
B

O

40 m —)I
..distance covered by the man = length of semicircular
path ABC
=nR=314x40=126m
Displacement of man = Diameter of semicircle (AC)
=(A0+0C)=40+40=80m

ENAMPLE 14. A man starts from his home at 8 : 00 a.m. to his
office. He walks with a speed of 2 m 57! on a road up to his
office 3-0 km away from home. He stays in the office up to
4 : 00 p.m. and returns to his home by bus which moves non-
stop with a speed of 10 m s™. Calculate

(i} time taken by the man to reach the office

(i} time taken by man to reach his home. Also plot (x-1)
graph for his motion. (H.RB.O.8.E. 2009)

Solution. Distance of the office [fom home,
S =53km=3000m

Case L. Speed of man while going ffom home to office (v)
=2Zms’!

Je—40 m—i&

*. time taken by man to reach office

5
R )
v 2 t
! = 1500 = 25 min
60

Hence, man reaches from home to office in 25 minutes
i.e., man must reach at 8:25 a.m. in the office.

Stay of the man in the office is from 8:25 am. 1o
4:00 p.m. so no distance is ravelled by man during this time.

b

3k i B

Distance

1 1
1 1
1 1
| 1
: : c
4 pm 4205 pm

0 8:25am

B am —3 Time

Case II. While returning to his home from office by bus
Speed of bus (v;) = 10 m s~

3000 m
10ms’

Distance _

Time taken #; = -
Velocity

=300s=5min
So man must reaches home at 4:05 p.m.
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EXAMPLE 15. A man wants to climb to the top of a vertical
pole of height 11 m. He climbs 5 m in 2 s and then slips 3 m in
2 s. This process repeats. Plot x — f graph for the motion of the
man. Find the time taken by man to reach the top of the pole
and total distance covered by man.

M
124
77777777777777777777777777 G
:
I
1
I
1
N\
x({inmy "] - A H _:P i
at=fAc-f---Y P
L : 1 ] I
: 1 H 1 !
21/ ---¥B .
: 1 H ! 1
f [ .
0™ % 4 6 8 10 12 14

—— Time (in 5)

Solution. Let at time ¢ = 0 man strats climbing the pole.
After 2 s man climbs 5 m and slips 3 m in next 2 5. After 6 s the
man will be at 7 m height but after 8 s he will come down to 4 m.
After 10 s, he will be at 9 m height and after 12 s he will be at 6
m height (9 — 3 = 6 m). After 14 s he will be at height 11 m.

-. time taken by person to reach the highest point = 14 5.

Total distance travelled

=0A+AB+BC+CD+DE+EF+FG
=5+3+5+3+5+3+5=29m.

EXAMPLE 16. A body moves in a straight line along
X-axis. Its displacement from the origin at any time is given by
x=8r-372. (xis in metre,  in seconds)

(i) Calculate the average velocity in time interval =0 to
r=2s.

(i) Find the instantaneous velocity of the body at the instant
r=0,f=2sand r=4s.

Solution. Given x = 87— 3.

(i) Calculation of average velocity in the interval # = 0 to
r=2s.

x(t=28)-x(t =0)
rl':IEI\." =
2-0
x(r=2s) =8x2-3x4=16-12=4m
x(t=0) =
o, =220 _4m e

M o2-0 2s

("‘i) Vins ~ E = -d—-(83_3r2)
UiI]S —8—63‘
Uy (t=0) =8-6x0=8ms!
Uy (1=25) = 8-6x2=8-12=-4ms!

Ve (1=45) =8 -6x4=8-24=-16ms!
¢ From here it is clear that when velocity of the body is

variable (function of time) then average and instantaneous
velocities are different.
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1.

10.

11.

A body travels the first half of the total distance with a
velocity v and the second half with a velocity u,. Calculate

2upu,

the average velocity. [Ans.

v+ Uy
A car covers the first half of the distance between two
places at a speed of 40 km h™! and second half with a
speed of 60 km h™!. What is average speed of car ?
[Ans. 48 km h!]
A train moves with a speed of 30 km h™! in the first
15 minutes, with a speed of 40 km h! in next 15 minutes
and with speed 60 km h™" in last 30 minutes. Calculate the
average speed of the train for this joumney.
[Ans.47-5km b
A cyclist moving on a circular track of radius 100 m
completes one revolution in 4 minutes. What is
(1) Average speed
{11) Average velocity in one full revolution ?
[Ans. (i) 50 7 metre/minute, (i) 0]
It a car travels a distance S; with velocity v and distance
S, with velocity v, In same direction, then what is average
(51 + 5z ) vy ]
Sy + S50

A gun 15 fired from a distance of 1-2 km from a hill. The
echo of the sound is heard back at the same place after
8 seconds. Find velocity of sound. [Ans. 300 ms™]

Two cars A and B are at positions 100 m and 200 m from
the origin at time ¢ = 0. They start simultaneously with
velocities 10 m s~! and 5 m s7! respectively. Determine the
positions and time at which they will overtake one another.
Assume that they are moving in same direction.

[Ans. 300 m, 20 5]
A boy reached a railway station 4 km away from his house
runming with a uniform speed in 1-0 hour. He took rest for
0-5 hour at the station and then came back to his house
walking with uniform speed in 1-5 hour. Represent the
whole journey of the boy by a time-displacement graph
and determine his average speed. [Ans. 2-67 km b
A car moving on a straight road covers one-third of the
distance with 20 km/h and the rest with 60 km/h. What is
the average speed of car ? [Ans. 36 kiv/h]
A train 600 m long crosses a bridge of 1000 m in 10 s. Find
the average speed of the train when it just crosses the
bridge. [Ans. 160ms™]
What is the distance in km of a quasar from which light
takes 3 x 10% years to reach the earth 7 Speed of light
sc=3x%108msL. [Ans. 2-838 » 10?2 km)

velocity of the car. [Ans.
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12. The velocity-time graph for a body moving along a straight
line 15 as shown in figure. Find the displacement of the

body in 10 s of its motion. [Ans. 8 m]
& G H
4 A B
2
v(ms-l}T 0 C r 1
2 4 6 8 10
-2
D E
—_— (s
Fig. 21

13. A car travelled the first third of a distance x at a speed of

10 kmv'h, the second third at a speed of 20 km/h and the
last third at a speed of 60 km/h. Determine the average
speed of car over entire distance x. [Ans. 18 kim h™!]
14. A table clock has its minute hand 5 ¢m long. Find the
average velocity of the tip of the minute hand (@) between
6:00 am and 6:15 am and (h) between 6 : 00 am and 6:30 pm.
[Ans. (@) 7-86 % 102 cm s ¢h) 2-2 % 104 cm 571
15. The wvelocity-time graph of an object moving along a
straight line is shown below, calculate the distance covered
by object between
fa) r=0tof=35s fh)f=0toi=10s.
A

Velocity 207
(ms-1)

Pl o = =

5 10
— Time (5)
Fig. 22
[Ans. (a) 80 m, (b} 130 m]

16. A car starts from rest in a certain direction, a scooter moving
with the uniform speed overtakes the car. Their velocity-
time graphs are shown in figure. Calculate (7} the difference
between the distance travelled by car and scooter in 15 s
(i) the time when the car will catch up the scooter (7ii) the
distance of car and scooter from starting point at that

nstarnt. [Ans. (i) 112-5 m (7} 22-5 s (iii) 675 m]
A
~ A Car B
5r=—=—=- T
N 1
- 1
= R 1
= E F G Scooter

ET30 T
=+ |
= 1
= 154+ d
| 1
1
1
1

1 .

I ¥ Ll L

5 10 13 7[] 25
Time {5} —>
Fig. 23
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Hints|,ir Solutions

1.

8.

T et distance ¥ 1s travelled with velocity v, and other part
of distance x with velocity u,
total distance =x+x=2x

1 1
Total time taken = —— + > =X [_ + _J

1 Uy
v+ U,
=X —
U1y

Total distance

Average speed =

Total time
_ 2x _ 2y,
T+ Uy vy + Uz
X —
"UI'UZ

Radius of circular rack = 100 m
Time taken for completing one revolution = 4 minutes
Distance travelled m one revolution =2n r
=2xmx 100m=2000m
Total distance 200 7

- Average speed = - =
& 5P Total time 4

=50 = m/minutes
Also displacement in 4 minutes = 0

. Displacement
. Average velocity = [17 =
Time

Given  xpa = 100m, xpg =200m

vy =10mys! !

,Ug=3ms”
Positions of cars after time 1

X =xpatuat A1)
(x 15 same in both cases during overtake)
X = "CU,B LB ¥ ‘(2)

From eqn. (1) and eqn. (2)
100+ 10¢ =200+ 5¢
= 5¢ =100 = 1=20s
Using ¢ in eqn. (1)
x =100+ 10> 20= 100+ 200=300 m
So, after 20 seconds and travelling 300 m distance the cars

overtake each other.
8 -1
Average speed = 3 =2-67kmh

L

s

Displacement (x)
e

-
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10. Lenpth of train — 600 my, Length of bridge — 1000 10

Total distance to be travelled by train to cross the bridge
=600+ 1000 = 1600 m

Tme =10s
1600 m .
v, = ——— =160 ms”
1058

11. Using distance =¢ ¢

12. Displacement of body = Area under (v — ) graph
x =Area OABC + Area CDEF + Area FGIII
x =0A xOC+CD = CF +FG = FI
X =4x2+(=2x6)+06x2
x=8-12412=8m

14. (i) At 6:00 a.m. the tip of minute hand will be at 12 mark
and 6:15 am. at 90° away.

12 12
9 3 9 ) 3
4] ]
(i) (h)

Let R be the length of minute hand

", displacement of needle
= JRz +R? = wjsz =2R = A2 x5cm

Time taken to go from 6:00 am. to 6:15 am.
=15 minutes=15 <605

. Total displ t
- Average velocity = o 1spacemen

Total time
2 x5 ‘Jl— -1
=——" =—""-—ms
15 % 60 180

=786 x 10~ cm 57!
(if) At 6:00 am. minute hand is at 12:00 mark and at
6:30 pam. it 1s 180° away.
s displacement=R +R=2R =2 = 5cm= 10 cm.
Time taken from 6:00 am. to 6:30 p.m. = 12 hours
30 minutes =[12 % 60+ 30] = 60 =45000 s

-. Average velocity = _ 10 =22 x 10~ cm 571
o 45000
16. (i) Distance travelled by car in 15 s = Area of AOAC

1 1
= B3 *xOCxAC = 5 * 15x45=337-5m

Distance travelled by scooter in 15 s
= Area of rectangle OEFC
=0E=xQOC=30x15=450m
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GRAPHICAL REPRESENTATION OF UNIFORM MOTION

The graphical representation of uniform motion is very helpful because it provides more
physical insight than the mathematical relations. We shall study the following graphs :

1. Displacement-time (x — #) graph
2. Velocity-time (v — #) graph
While interpreting the graphs for uniform motion, the following points may be kept in mind :

(/) The displacement (x) and velocity (v) will be taken along the Y-axis and time () along
the X-axis.

(if) Positive velocity (or displacement) means that the motion of the object is to the right of
the origin O. Negative velocity (or displacement) means that the motion is to the left of
the origin O. Therefore, if x — t or v — t graph is above X-axis (i.e., time axis), the velocity
(v) is positive and if it is below X-axis, velocity is negative.

(i) If at ¢t =0, the initial displacement of the object from the origin is zero (i.e., x, = 0), the
x — t graph will start from the origin of the graph. If at # = 0, the initial displacement is
Xy, the x — ¢ graph will start at x;.

(iv) Zero velocity of the object means the object is at rest.

POSITION-TIME GRAPHS

(x - 1) graph

b 5

object is said to be a stationary if its position does not change
with the passage of time. So, the object remains at constant
distance x = x; from the origin at all times. Thus, position time
(x — 1) graph for a stationary object is a straight line parallel
to time axis.

1. Position-time (x — ) graph for Stationary Object : 4»
XT
X0

v

Such a graph described by a train standing at railway station

t=20 5
or a bus standing on a road side. !

2. If the object is moving uniformly along a straight line
starting from origin O.
A

'
Fig. 27 (I)
When the object is in uniform motion along a straight line
starting from origin, then position time graph is a straight line
OA, inclined to time axis.
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3. Position-time graph of uniform motion in one dimension
for an object (i) object starts its journey from left of origin (7i)
from origin (iii} from right of origin.

)
In these three situations, the (x — #) graph is as shown in
fig. 27 (1) C A
(i) Object starting from left of origin then graph is a straight X T E
line BC starts from point B
(ii) When object starts journey from origin, then (x — #) graph
is a straight line OA starts from origin O and inclined to 50 ) >
time axs. —>1
(iii) When the journey is from the right of origin then (x — f) —> Time
graph is a line DE which starts from point D. Fig. 27 (II)

4. If the object is moving with a constant negative velocity
starting from the positive position :

When the object is moving with —ve velocity, then position-
time graph for such motion is a straight line (FG) inclined to
time axis as shown in figure.

It is to be noted that position time graph cannot be a straight
line parallel to position axis, as it will indicate infinite velocity.

POSITION-TIME GRAPH FOR UNIFORM MOTION

An object in uniform motion covers equal displacements
in equal intervals of time. So, position-time graph for an object
in uniform motion is a straight line AB inclined to time axis.

Let at time ¢ = 0, ¢, and #, the position co-ordinates of the 0
object are x;, x; and x, respectively. B
X
Let C and D are two points on position-time graph Position T
corresponding to time #; and #,. (x) Y- X
Change in the displacement ofthe object in time #, —#; =x, —x; Tx C i
1 ————————
- l¢—b - (h—>I L
. . X X
. velocity of object (v) = 2 1 DE : :
L =14 CE X ! :
1 1
DE | :
But CE =tan o 1 : ! N
—> Time(y)

. velocity of object = tan a. (slope of position-time graph)
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VELOCITY-TIME GRAPH FOR UNIFORM MOTION

When an object is moving uniformly it moves with uniform

velocity (v) in the same fixed direction. So, velocity time graph The velocity-time graph for uniform motion helps us fo
for uniform motion is a straight line parallel fo time axis. calculate the displacement of object in a given interval of time
o ) ) ) R geometrically.
Let an object is moving with uniform velocity . along
positive X-axis, then velocity of object is positive. So, velocity- Y 1 4
time graph of the object is a straight line AB parallel fo time axis. A C D B
2 7
Velocity
. — . . 0 F % E X
But if the object is moving along negative X-axis, then I t, —> Time
again the (v —{) graph is a straight line parallel to time axis but |~ Velocity
lies below the time axis. J ,
A ——— 1B— -
Let C and D be two points on velocity-time graph

corresponds to time ¢, and #,
OA =FC=ED=wu

OF =¢ 1 OE= IQ
Displacement of the object in the time interval 4, — £ = Hence, displacement of the object in time interval (1~ 1,)
Uniform velocity x Time interval =v(# — #;) O Vis mumerically equal to area under velocity-time graph between

Area under velocity-time graph=CF XFE=v(t, - 1) ... (2) the insiants t, and t,
From eqns. (1) and (2)
Area under velocity-time graph = Displacement of the object

in time interval #, —#,.

NON-UNIFORM MOTION

An object is said to be in non-uniform motion if it
undergoes equal displacements in unequal intervals of time
or unequal displacements in equal intervals of time.

Clearly in non-uniform motion, the velocity of the object is
different at different points.

Calculation of average velocity and instantaneous velocity
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(1) Average velocity

N
Chord B (1),

-
-

Xy X;=(AX)

W1 L
’l‘ A ¥
1 11
— I~ L—>

=At

Displacement

v

el S
'5-1._———————

1
——> Time

Chord B
Let A and B are two points on position-time graph
representing non-uniform motion of object. x; and x, be the
position of the object corresponding to time #, and £,.

T jc[ -x=(AX)
Then BC =x,—x=Ax ;L

AC =t,—1;= At e b f—>
Join points A and B so as to get chord AB. !
Change in position of object in time #, — #; =x, —x; e L

Displacement

A4

) . _H -4 A BC
. average velocity, v, = o A ac
274

Slope of chord AB = i—c = M (2
At

From eqns. (1) and (2)

Average velocity (v,,) of object = Slope of chord AB.

(1)

Hence, the average velocity of the object between any two
points is the slope of the chord (slope of x — t graph)
corresponding to these two points on position-time graph.

Instantaneous velocity : Let the point B approaches
A (B — A)so At — 0. Here, the chord AB after passing through
successive stages (shown by dotted lines) become the tangent
to the graph at A.

. the instantaneous velocity of the object at any instant Lt A _
L o . . Af0 — = (Slope of chord AB).
of time is the limiting value of average velocity when the time Ar A0
interval approaches zero. = Slope of the tangent at A -(3)
But Lt ﬂ = ﬂ =

A0 Af d v wl(4)

(instantaneous velocity of object at A)
From eqns. (3) and (4)
v = Slope of tangent at A

So, the instantaneous velocity at any point is equal to the
slope of the tangent to the position-time graph at that time.

CBSE--PHYSICS A EPSTUDY CIRCLE




—
A C P R ——
Heaull Shaciiaus. Sasra o

RINEMATICS

1. If the motion of body is uniform, its instantaneous
velocity at any instant of time is equal to the velocity
of uniform motion. In other words, if the body
possesses uniform velocity, both average and
instantaneous velocities are equal.

2. If the motion of object is non-uniform, instantaneous
velocity is a varying quantity which assumes different
values at different instant of time.

3. The position-time graph of uniform motion is a straight
line, its slope at all the points is same. Thus, in uniform
motion the instantaneous velocity at all the points is
same (i.e., it does not depend on time.)

4. In uniform motion, the magnitude of the instantaneous
velocity is equal to the instantaneous speed at the
given instant.

5. A speedometer in an automobile measures the
instantaneous speed and odometer measures the
distance covered by the automobile.

6. Cheetah is the fastest land animal and can achieve a
peak speed of 100 km/h 1s less than 500 m.

RELATIVE VELOCITY IN ONE DIMENSION

Velocity is not an absolute quantity but is measured relative to other objects. Thus to measure
the velocity of an object, we specify the frame of reference. Ordinarily, we consider the surface
of earth as our frame of reference and specify the velocity of body with respect to it (i.e., earth).
Thus, when we say that a car is travelling at *60 km/h, we mean to say it is going 60 km/h relative
to the road or earth’s surface.
When the two objects A and B are moving with different
velocities, then the velocity of one object A w.r.t. another object
B is called as relative velocity of object A w.r.t. object B.

The relative velocity of one object w.rt. another object is
the velocity with which one object moves w.r.t. another object.
Hence, relative velocity is the time rate of change of relafive
position of one object w.r.t. another object.

Suppose the two cars A and B are travelling on a straight level

road in the same direction as shown in Fig. 6.23. Let the uniform 4 %
velocities of 4 and B be v, and v, respectively. We want to find the

velocity of car 4 with respect to car B. Note that v is the velocity of B vp
car A wr:t. earth. But we want to find v, — now our frame of refer- ...

ence is car B. If we superpose a velocity — v, on the two cars, then Fig. 6.23

car B comes to rest (i.e., car B and earth become identical frames of
reference), then the velocity of car 4 wrt. car Bis v ;= v, — v,
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Suppose two cars 4 and B having velocities v, and v, are moving along a straight road in the
same direction. In order to find the relative velocity of 4 wirt. B, we add velocity — v, to both
the cars. This effectively brings the car B to rest and the resultant velocity of car A becomes
Vi~ Vg

-. Relative velocity of car A wr:t. car B is

Vap = Va— Vp

The direction of the relative velocity will depend upon the direction of (v, — vp).

Note. Vig = V4 — Vg

But v, and v, are the velocities of the cars wzt. earth and can be written as v, and vy,
respectively.
: Vap = Vae— VBE

or Vap = Vae T Vip (@) (0 Vg = = Vi)

Eq. (i) is a very useful relation. By writing the equation in this form, we see that inner
subscripts on the right-hand of eq. () are the same (the two £5) and the outer subscripts on the
right of eq. (i) (the 4 and B) are the same as the subscripts of the term v, on the left-hand side
of eq. (7).

MATHEMATICAL TREATMENT OF RELATIVE VELOCITY

Expression of Relative Velocity : Let us consider two
—

—

objects A and B moving with uniform velocities «, and «,
— —

along straight line track. At time 7 =0, x,; and x,, be the

— —
displacements of objects from origin and x, and x, be the
Atr=0 Atti=1t

& ® @& @

displacements of the objects at time 7 = 7.

Positions of objects A and B after time ¢ are given by 0
- - - —Xp—
)C1 - Xm + L‘l I '“(]') , X .
¥ 02 i
» - - )
X, :_x nt Uyl -(2) b X "
Subtracting eqn.(1) from eqn. (2) ! X, >
— — — — —> —>
I.z—)(] ::Cn-z_Jtnl_FrUz I_Ul[
— — — - - —
Yo = X = Xgp— Xp1+ | v2— vy |! -(3)
. . o Equation (4) gives the time rate of change of relative
Let Xg» — X¥g1 = xg, Relative displacement of object B position of object B w.rt. object 4 i.e. relative velocily of object
w.r.t. object A at time = 0. Bwrt object A.
o . N Hence, relative velocity of object B w.r.t. object A
X, — Xx; = x, Relative displacement of object B w.r.t. . N
object A at time £ =1¢ Upa = Up— U
- eqn. (3) becomes =Velocity of object B—Velocity of object A
- = = - — — -
x = - -
Xo+ {'Uz vy Jf Similarly, Upg = Up - Uy (3)
- - S = Velocity of object A — Velocity of object B.
= _ _ , . . . .
X— X0 = [”2 - vl ] 4 If the objects are in one dimensional motion along same
direction, then magnitude of displacement is equal to the total
o - 2 distance fravelled by object in given fime then arrow heads
or Uy — Ul = X~ *o -4 can be ignored in eqn. (4)
r
) . . . : X — X
Equation (4) gives the time rate of change of relative Uy— vy = 0 — Upa .6)

position of object B w.r.t. object A i.e. relative velocity of object
Bwrt object A.
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POSITION-TIME GRAPH OF RELATIVE VELOCITY

(i) If two objects are moving with same velocities : Here v,

=1, or Uy — vy =0, then from eqn. (4) x — x5 = 0 or x = x;,. &
%)
?.,.
&
&
Position
o2
o

So, the two objects remain at constant distance apart, which
1s equal to the relative separation between two objects initially Z.e.
at t=0. Thus, the position-time graphs are parallel straight lines. s Time

W

(ii) It two objects move with unequal velocities i.e., v; %,

In this situation, two subcases arise. T =
=
¥
£
(@) If vy > vy, then v, — v| = positive, so from equation (4), = 2 [ *uz s
. . - . . . e
X — X = positive i.e., the relative separation between two objects //”:‘;1’
goes on increasing with time. So, the objects will never meet X
with each other and their position-time graphs will open out
gradually as shown in figure 35. - >
—= Time
M

Position

(b) If v| > v,, then v, — v| = negative so from eqn. (4), of meeting
=

x —xg = negative r.e., the relative separation between two objects
goes on decreasing with time. After some time the two objects
mect each other and then the object moving faster (object A)
move more and more away (left) from the object moving slower
{object B) as shown in fig. 36. In the position-time graphs for
these objects the time co-ordinate corresponding to point of
intersection gives their time of meeting and corresponding Fo1
position co-ordinate gives position of meeting,.

Position
3

Time of meeting
—> Time

W

fzii) When two objects are moving in opposite direction

Let object A is moving with velocity v; along positive
X-axis and object B is moving with velocity v, along negative
X-axis thus v, is positive and v, is negative.

Uag =V —Uy (U515 —ve)
vap U — () =ty

ifv, =, =vthenuvyg=v+v=2v

VAR = 2u
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DETERMINATION OF RELATIVE VELOCITIES

(i) When the two objects are moving along parallel st1‘e1ight|

. . . N - = —
lines in the same direction i.e. Angle between them is 0” : A Us U A Va
T —
Py :'UB i’lﬂ-
(=10 B
Let objects A and B are moving towards the right. At time ¢ 7 )
= 0 both the objects arc just parallel and in front to each other. * A SN
] . . . . - . -

Object A is moving with velocity ), and B with Vg - To E at rest

calculate relative velocity of object A w.rt. object B superimpose

ﬁzﬁ on objects A and B. Due to this velocity of object B Hence, relative velocity of object A wr.t. object B is

given by
becomes zero. i.e. object B is brought to rest and relative velocity
- O
. - - - Upp = Uy— U
of object A becomes vy + (—vg ) = vy — Up AB AT VB
> o

As yga, yp and yay arc all along same direction, so

Vag =Va—"Up

(i) When the two objects are moving along parallel straight

lines in opposite directions : A Ua

Here, object A is moving to the right and B to the left so VBg -

- > - - At 1= 0
angle between them is 180°. v, and vg be the velocities of ( =0
two objects. To find relative velocity of object A wor.t. object B % _Tj‘B - F)_‘a
— - -
superimpose — vg on objects A and B. Due to this, the velocity
< & >

of object B becomes zero i.e. object B comes to rest and velocity Ug B —-_u)‘B

. — — — -
of object A becomes va+ (—vg) = vy up . o _[_(_?B)

® at rest

B

So, the relative velocity of object A w.r.t. object B is given
by
- - -
VAR T VYA~ Up
- . . _¥ . - _>
As vy (direction of vp ) Is opposite to Va . then the

—
magnitude of vap will be

Vg =V, T U

CBSE--PHYSICS A EPSTUDY CIRCLE




LINCE 3991
IT-NEET-CBSE

.:L,T_':’. )Y CIRCLE KINEMATICS

CBSE || PHYSICS

ANALYSING NATURE OF MOTION FROM VARIOUS GRAPHS

Different types of distance-time graphs:

(i) For a body at rest, the distance-time graph is a straight line AB, as shown in Fig. As the slope of AB is zero, 50 speed of
the body is zero.

(i) For a body moving with uniform speed, the distance-time graph is a straight line inclined to the time axis, as shown in
Fig. As the graph passes through O, so distance travelled at t = 0 is also zero.

Distance —
Distance —

0 Time = 0 Time =
{iii) The distance-time graph in Fig. represents accelerated (speeding up) motion, because the slope of the graph is

increasing with time.
A
1]
]
c
m
o
(]
0 Time —»
(iv) the distance-time graph in Fig. represents decelerated (speeding down) motion, because slope of the graph is 18
decreasing with time.
A
T
@
o
c
m
ko
[a]

Time —
{v) In Fig. distance-time graph is a straight line parallel to distance axis. It represents infinite speed which is not possible.

Not possible

Distance —

A

o Time —

(vi) The distance covered by a body cannot decrease with the increase of time. So the distance-time graph of the type
shown in Fig., is not possible.
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Not possible

Distance —

0 Time —

(vii) The distance-time graph shown in Fig., is not possible because it represents two different positions of the body at the
same instant which is not possible,

Mot possible

Distance —

Time —

(i) For a statlonarv hody the dlspIacem ent-time graph is a straight line AB parallel to time-axis. The zero slope of line AB
indicates zero velocity.

Displacement —

0] Time —
(ii) In Fig. the displacement-time graph is a straight line OA inclined to time axis. It has a single slope. So it represents a
constant velocity and hence zero acceleration.

Displacement —

. Time —
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(i) When a body starts from rest and moves with uniform acceleration, its v —t graph is straight line OA 20
inclined to the time-axis and passing through the origin O. Greater is the slope of the v —t graph, greater will be the acceleration.
A
T
e
o
o
L1
=
0 Time =

(iii) In Fig. the straight line v —t graph does not pass through origin O. The body has an initial velocity u (= OA) and then it
moves with a uniform acceleraticn,

Velocity —

0 Time —

(iv) In Fig., greater changes in velocity are taking place in equal intervals of time. So the v —t graph bending upwards
represents an increasing acceleration.

e R R

Velocity —

0 Time —
{(v) In Fig., smaller changes in velocity are taking place in equal intervals of time. So the v -t graph bending downwards
represents a decreasing acceleration.
A

Velocity —

o lime =
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(vi) In Fig. the body starts with an initial velocity u. The velocity decreases uniformly with time, becoming zero after some
time. As 0 > 90°, the graph has a negative slope. The v — t graph represents uniform negative acceleration.

A

Velocity —

6>90°

0 Time — B

(vii) In Fig., thev —tgraph represents a body projected upwards with an initial velocity u. The velocity decreases 21
with time (negative uniform acceleration), becoming zero after certain time t. Then the velocity becomes negative and increases in
magnitude, showing body is returning to original position with positive uniform acceleration.

Time —

Velocity —
o
-

{viii) The area between the velocity-time graph and the time-axis gives the displacement. In Fig. the v -t graph represents
variable acceleration.

Velocity —

Displacement covered = Area 1 —Area 2 + Area 3
Distance covered = Area 1 + Area 2 + Area 3
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Different types of speed-time graphs:
(i) For a body projected upwards, the speed-time graph is of the type shown in Fig. When the body moves, its speed

decreases uniformly, becoming zero at the highest point. As the body moves down, its speed increases uniformly. It returns with the
same speed with which it was thrown up.

Speed —

0 Time =
(ii) For a ball dropped on the ground from a certain height, the speed-time graph is of the type shown in Fig. As the ball
falls, its speed increased. As the ball bounces back, its speed decreases uniformly and becomes zero at the highest point.

Speed —

) Time —

Different types of aceceleration-time graphs:

(i) For a body moving with constant acceleration, the acceleration-time graph is a straight line AB parallel to the time-axis,
as shown in Fig.

—

Acceleration

0 Time —

{ii) When the acceleration of a body increases uniformly with time, its a =t graph is a straight line OA inclined to the time-axis.
A

Acceleration —

0 Time —
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(iii) For a body moving with variable acceleration, the a —t graph is a curve. The area between the a -t graph and the time-
axis gives the change in velocity, as shown in Fig.

Change in velocity = Area 1 —Area 2 + Area 3

Acceleration —

Mechanics is the branch of Physics which deals with the
study of the motion of the objects.

Frame of reference is a fixed point or place w.r.t. which the
position of the object is measured.

Frames of references are of two types : inertial and non-

inertial frame of reference.

An inertial frame of reference is the frame of reference which
1s either at rest or moving with uniform velocity.

An accelerated frame of reference is non-inertial frame of
reference.

Distance 1s the length of actual path travelled by a body.

Displacement is the shortest distance travelled by the body
between initial and final positions.

Speedometer measures the instantancous speed of the
vehicle.

Odometer measures the distance travelled by vehicle.
Distance is a scalar while displacement 1s a vector quantity.

[f the motion of the object or body is straight line or in one
direction, then distance travelled by object = Displacement
of the object.

Distance travelled by any object in given time interval >
the displacement if the object changes its direction of
motion.

Distance = Displacement.

Speed of Body = Distance

Time
Spccd ofbody 1s alw ays positive.

A\«cragjc 'ipCCd of a body travelling distance §; and 8,
with velocity v) and v,.

N S +85,

w =
S
S .5
'Ul 'L'-I

CBSE--PHYSICS

Newtonian or classical mechanics deals with the study of
the motion of objects with speeds less than speed of light.

Average speed of a body travelling equal distances with
different speeds v; and v, is
_ 2U1U2
w =T —

vy + )
Average speed of a body travelling equal distances with
different speeds v, v, and v4 respectively

3ujuyu,

1"\{]'1' =
'L'-llJz + UI'L'S =+ 'Ul'US

Velocity :

>
>

Displacement
Time
Velocity is a vector quantity.

Velocity =

Slope of the displacement-time graph in uniform motion =
uniform velocity of body.

Speed of a body is maximum at a point where the slope of
distance-time graph is maximum.

Velocity of a body is maximum at a point where the slope
of displacement-time graph is maximum.

Displacement of a body moving with uniform velocity =
Area under velocity-time graph.

Average speed = Average velocity of body if the body

moves along one direction.
Average velocity of body < Average speed of body if the

direction of motion of body changes.
Average velocity of body = Instantancous velocity of body
if the body moves with uniform/constant velocity

S1 unit of speed and velocity are same i.e. m s~

A EPSTUDY CIRCLE



simce 1690 CBSE || PHYSICS
HT-NEET-CBSE

tL.T_L.’. )Y CIRCLE KINEMATICS

Examples Based oh Relative Velocity

Formulae used Sign conventions used

(i) Relative velocity of object A w.rt. object B fi) If the objects A and B are moving along positive

L X-axi1s then both vy and vg are taken as posttive.
VAR T VA —UB ’

(ii) Relative velocity of object B w.rt. object A (ii) If the objects A and B are moving along negative X-axis
_ then vy and g are taken as negative.
VBA T VB —Va

O UNITS USED
All velocities are in ms™ or kmh-?

0.1. A carA moving at 10 ms™ on o straight road, is ahead of car B moving in the same direction at 6 ms™. Find the velocity
of A relative to B and vice versa.
Sol. Herev,=10ms ™ vg=6ms™?
Velocity of A relative to B,
Vag =Va—Vg=10-6 =4 ms*
Positive velocity indicates that the driver or car B sees car A moving ahead from him at the rate of 4 ms™,
Velocity of B relative to A
Vg =Vg—Va=6—=10==4 ms1
Negative velocity indicates that the driver of car A (when looks back) sees the car B lagging behind at the rate of 4 ms™,
Q.2. A jet airplane travelling at the speed of 500 kmh™ ejects its products of combustion at the speed of 1500 kmh™ relative
to the jet plane, What is the speed of the latter with respect to an observer on the ground?
Sol. Here speed of jet airplane, v, = 500 kmh™!
Let v; be the speed of products w.r.t. the ground. Suppose the direction of motion of the jet plane is positive. Then the
relative velocity of products w.r.t. jet planeis
V3 —V;=— 1500
or vz =V, — 1500 =500—- 1500 =— 1000 kmh~*
Negative sign shows that the direction of products of combustion is opposite to that of the jet plane,
Speed of products of combustion w.r.t. ground = 1000 kmh-*

Q.3.  Apolice van moving on a highway with a speed of 30 kmh fires a bullet at a thief’s car speeding away in the

same direction with a speed of 192 kmh™. If the muzzle speed of the bullet is 150 ms™, with what speed does the
bullet hit the thief’s car?

Sol. Speed of police van,
vp =30 kmh™ = 25 ms™!
3

Speed of bullet, v, = 150 ms™!

Speed of the police van is shared by the bullet.
Relative speed of bullet w.r.t, ground
=Vp+Vp=150+25=475ms™!

3 3

Speed of thief's car,

V¢ =192 kmh™*= 160 ms™
3

Relative speed of bullet w.r.t. thief's car

= (vp + vp) —v¢ =475 - 160 = 105 ms™!
3 3
Hence the speed of the bullet with which it hits the thief’s car = 105 ms™
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Q.4. Onalong horizontally moving belt, a child runs to and fro with a speed 9 kmh {with respect to the belt) between
his father and mother located 50 m apart on the moving belt. The beit moves with a speed of 4 kmh. For an observer
on a stationary platform outside, what is the
(i) Speed of the child running in the direction of motion of the belt,
{ii) Speed of the child running opposite to the direction of motion of the belt, and
{iii) Time taken by the child in (i) and (ii)?
Which of the answers alter if motion is viewed by one of the parents?

Sol. (i) Speed of the child running in the direction of motion of the belt
=(9 +4) kmh™ = 13 kmh™!
Moving belt 4 km/hour —
Father Child Mother

Stationary observer

50m

(ii) Speed of the child running cpposite to the direction of motion of the belt

=(9-4)kmh™=5kmh™
(iii) Speed of the child w.r.t. either parent

=9kmh™=2.5ms?
Distance to be covered =50m

Time taken =50=20s
2.5

If the motion is viewed by one of the parents, answers to (i) and (ii) are altered but answer to (iii) remains unchanged.

Q.5. Two parallel rail tracks run north south. Train A moves north with a speed of 54 kmh™ and train B moves south with a
speed of 90 kmh™. What is the
(i) relative velocity of B with respect to A?
(i) relative velocity of ground with respect to B?
(iii) velocity of @ monkey running on the roof of the train .
Against its motion {with a velocity of 18 kmh~ with respect to the train A) as observed by a man standing on the ground?

Sol. Taking south to north direction as the positive direction of x-axis, we have
Vs =+ 54 km/h = 54 » 1000 ms=1 = 15 ms-1
vg=—90km/h ==90x 1000 ms™ = - 25 ms™?
3600

(i) Relative velocity of B with respect to A
=vg—Vvu=—25-15=-40ms™
So to an observer in train A, the train B appears to move with a speed of 40 ms™ from north to south.

(ii) Relative velocity of ground with respect to B.
=0-vg=0+25=25ms™!

Q. 6. Two trains 120 m and 80 m in length are running in opposite directions with velocities 42 kmh™ and 30 kmh™. In what
time they will completely cross each other?
Sol. Relative velocity of one train w.r.t. the other

=42 - (-30)=72kmh=t=20ms!
Total distance to be travelled by each train to cross other train
=120+ 80=200m
Time taken by each train to cross other train
=200=10s
20
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Q.7. Two towns A and B are connected by a regular bus service with a bus leaving in either direction every T min. A man
cycling with a speed of 20 kmh™ in the direction A to B notices that a bus goes past him every 180 min in the direction
of his motilon, and every 6 min in the opposite direction. What Is the perlod T of the bus service and with what speed
(assumed constant) do the buses ply on the road?

Sol. Let speed of each bus =v kmh-!

For buses going from town Ato B
Relative speed of a bus in the direction of motion of the man = (v — 20) kmh?
Buses plying in this direction go past the cyclist after every 18 min.

Distance covered = (v — 20) 18 km

60

Since a bus leaves the town after every T min, so the above distance covered

=vx _T km

60
(v—20)18=vx=x T . (i)
60 60

For buses going from town Bto A
Relative speed of bus in the direction opposite to the motion of the man

=(v + 20) kmh™
Buses going in this direction go past the cyclist after every 6 min, therefore

(v+20) 6 =vx_T

60 60

Dividing (i) by (ii), we get

(v—=20)18=1 or 3v—-60=v+20

(v+20v)6

v=40kmh™*

From equation (i), (40+20) 6 =40xT

60 60
or T=60x%x6=9min
40
Q.8. The speed of a motor launch with respect to still water is = 7 ms™ and the speed of stream is u = 3 ms™. When the launch

began travelling upstream, a float was dropped from it. The launch travelled 4.2 km upstream, turned about the caught
up with the float. How long is it before the launch reaches the float?
Sol. For upstream motion of launch
Relative velocity =7 -3 =4 ms™!
Distance moved =4.2 km =4200m
Time taken, t; =4200=1050s
4

For downstream motion of launch
Distance moves downstream by floatin 1050 s

=3 x1050=3150m
Distance between float and launch turned about

=4200+3150=7350m
This distance is to be covered by launch with its own velocity (7 ms™!) because stream velocity is being shared by both.
Time taken, t,=7350=10505s

7
Total time taken, t =t; + t, = 1050 + 1050 = 2100 s = 35 min.
Q.9. Twotrains A and B of length 400 m each are moving on two parallel tracks with a uniform speed of 72 kmh in the

same direction, with A ahead of B. The driver of B decides to overtaken A and accelerates by 1 ms™2, If after 5 s, the
guard of B just brushes past the driver of A, what was the original distance between them?
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Sol. Let x be the distance between the driver of train A and the guard of train B. Initially, both trains are moving 26
in the same direction with the same speed of 72 kmh™!, So relative velocity of Bw.r.t. A =vz —v, = 0. Hence the train
B needs to cover a distance with
a=1ms?%t=50s5u=0
As s=ut+%at®
J X=0x50+%x1x(50)2=1250m
Q. 10. On atwo-lane road, car A is travelling with a speed of 36 kmh. Two cars B and C approach car A in opposite directions
with a speed of 54 kmh™ each. At a certain instant, when the distance AB is equal to AC, both being 1 km, B decides to
overtake A before C does. What minimum acceleration of car B is required to avoid an accident?
Sol. At the instant when B decides to overtake A, the speeds of three cars are
va=36kmh1=36x 5 =+10ms!
18
vg=+54 kmh™?*=+54x 5 =+15ms™*
18
ve=—54 kmh™!=- 15 ms™!
Relative velocity of Cw.r.t. A,
Vea =Ve—Va=—15-10=—25ms™
Time that C requires to just cross A
=1km =1000m =405
Vea  25mst
Vg =54 km h! Vva=36kmh?t wvc=—54kmhZt
B — A — ] C
L 1000 m 'L 1000 m 'I
In order to avoid the accident, B must overtake A in a time less than 40 s. So, far train Bwe have
Relative velocity of train Bw.r.t. A,

Vga =Vg—Vy = 15-—10=5ms!
4 s=1km =1000m,u=5ms*,t=40s
As s=ut+¥%at? ~ 1000=5x40+%ax(40)?
or 1000=200+800a or a=1ms?
Thus 1 ms=? is the minimum acceleration that car B requires to avoid an accident.

OO0 PROBLEMS FOR PRACTICE
Q.1. AcarAis moving with a speed of 60 kmh™ and car B is moving with a speed of 75 kmh, along parallel straight paths,
starting from the same point. What is the position of car A w.r.t. B after 20 minutes?
Sol. Relative speed of Aw.r.t. B=60-75=~-15kmh!
Distance of A and B after 20 min =—15x 20=-5km
60

Q.2. Two buses start simultaneously towards each other from towns A and B which are 480 km apart. The first bus takes 8
hours to travel from A and B while the second bus takes 12 hours to travel from B to A. Determine when and where the
buses will meet,

Sol. Speed of first bus =480 = 60 kmh™*

8
Speed of second bus =480 = 40 kmh™!
12
Suppose the two buses meet after time t. Then
60t+40t=480 or t=4.8h
Distance from A =60 x 4.8 =288 km
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Q.3. Twotrains A and B, each of length 100 m, are running on parallel tracks. One overtakes the otherin 20 s and one
crosses the other in 10 s. Calculate the velocities of each train.
Sol. Let u and v be the velocities of trains A and B respectively.
During overtaking, relative velocity of Aw.rt. B=u—v
During crossing, relative velocity of Aw.rt. B=u+v
Total distance to be covered by A during overtaking or crossing
=100+ 100=200m
200=20 and 200=0
u-—-v u-—-v
or u=v=10 and u+v=20
On solving, u=15ms™*, v=5ms™
Q.4. A manswims in a river with and against water at the rate of 15 kmh™ and 5 kmh™. Find the man’s speed in still water and
the speed of the river.
Sol. Let u be the speed of man in still water and v be the speed of river. Then
u+v=15kmh? and u-v=5kmh™*

On solving, u=10kmh™, v=5kmh™

Q.5. A motorboat covers the distance between the two spots oh the river in 8 h and 12 h downstream and upstream
respectively. Find the time required by the boat to cover this distance in still water.

Sol. Let u and v be the velocity of boat in still water and velocity of river respectively. If x is the distance between the two spots,
then u+v=x(for upstream)
8
u-v= x {for downward)
12

On adding, 2u=20x or u=10x

96 96
Time required by boat in still water

= E = X =9.6 h

v 10x/96

Q.6. AcarAis travelling on a straight level road with a speed of 60 kmh™. it is followed by another car B which is moving
with a speed of 70 kmh=. When the distance between them is 2.5 km, the car B is given a deceleration of 20 kmh=.
After what distance and time will the car B catch up with car A?
Sol. Relative velocity of car Bw.r.t. A
=70-60=10kmh™!
~ Forcar B,u=10kmh™, s = 2.5 km,
a=-20kmh™
As s=ut+ % at?
% 25=10t-%x20xt? or t=05h
Actual distance travelled by car B during this time,
s=ut+%at?=70x%0.5-%x20x(0.5)?
=35-25=32.5km
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EXAMPLE 17. Two parallel rail tracks run north-south. Train
A moves north with a speed of 54 km h™! and train B moves
south with a speed 90 km h™L. Calculate

(a) Relative velocity of B w.rnt. A

(h) Relative velocity of ground w.r.t. train B.

(c) Yelocity of a monkey running on the roof of train A

against the motion with a velocity of 18 km h™! w.r.t. the
train A as obscerved by man standing on ground ?

N

+ue

5
Sol. Let the motion from south to north is taken as positive,
then

54 x 1000 1

vy =t5dkmh! = ———— =15ms"
3600
=_00kn h—l=_w_ 25 —1
ug =- 1 3600 2oms

fa) Relative velocity of train B w.rt. train A
UraA ='UB—'UA=—2S— 15=—40m S_I

Hence, train B appears to move with speed of 40 m s7!

from north to south.
(b) Ground is at rest so v, =0
... relative velocity of ground w.x¢. train B

U =Ug =g =0—(-25)=25 ms~! due north

fc) Let velocity of monkey w.r.t. ground be u,,.

~. relative velocily of monkey w.rl. train A

=, —v, =—18 kmh™

—18 x 1000
=——————=-5ms

3600
=Uy =35
=15-5=10 ms™! due north.

1

UJJ‘!

i?!
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EXAMPLE 18. A car travelling with a speed of 90 km h™! on a
straight road is ahead of a scooter travelling with a speed of 50
km h~!. How would the relative velocity be altered, if scooter is
ahead of car ?

Solution. Let the velocities of car and scooter are v, and v
respectively.

U, =90kmh™, Y, = 50 km h!
Relative velocity of car w.r.t. scooter
Ves =V~
Case 1. When car is ahead of scooter
U, =90-50=40 km h!
Case 1I. When the scooter 1s ahead of car
Uee =90 —50 =40 km h~!

(away from scooter)

(towards the scooter)

EXAMPLE 19. How long will a boy sitting near the window of a
train travelling 54 km h™! saw a train passing by in the opposite
direction with a speed of 36 km h. The length of slow moving
train being 100 m.

Solution. Velocities of the trains are respectively 54 km h™!
and 36 km h™!

.. relative velocity of the slow moving train w.r.t. boy
=(54+36)kmh”'=90kmh!'=25ms!

Velocity = Distance = Time = _100 = 100
Time velocity 25
= t=4s

EXAMPLE 20.A train 100 m long is travelling at 60 km h™1. In
what timeitwill cross acyclistmovingat 6kmh! (g) in thesame
direction (#) in the oppositedirection.

Solution. Given velocity of train, v, =
Velocity of cyclist, v, = 6 km h™!
Case L. Both train and cyclist move in same direction

60 km h!

Relative velocity of train w.r.t. cyclist

Ve TU =Y

v, =60-6=54kmh!'=15ms"
X
v =
t
100 100
15 = —— = = - =6067s.
t 15

Relative velocity of train w.r.t. cyclist (when both moving
away from each other), v,, = v, + v,

e =(60+6)kmh™'= 66 kmh'=18-33ms!
. _ 100 _ 1o
= 1833 = ; =1=Temn 545s
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EXAMPLE 21. Two trains are moving in the same direction
with velocities 30 m s™! and 25 m s7L. Find the relative velocity
of the second train w.r.t. first. If at = 0 s, the second train is
400 m ahead of first train then after what time the first train
will overtake the second train ?
Solution. Given velocity of first train, v; =30 ms™!
Velocity of second train, v, =25 m s~!

Relative velocity of second train w.rt. first v, = 1y — vy,
Uy =25-30=-5ms"!

We know relative separation between two objects at any
time 7 is given by

Xp(t) = xy (1) = x2(0) = x1(0) + (03 —vy) £ (1)
When the first train overtake the second train,
Then x, () —x,(1) =0
0 =2x5(0) —x(0) + (vy — vy )t

= 0 =400+(-5n
= —400 =-5¢
= t=80s

Hence, the first train will overtake the second in 80 s.

1. Two trains, each of length 200 m, are running on parallel
tracks. One overtakes the other in 20 seconds and one
crosses the other in 10 seconds. Calculate the velocities of
two trains. [Ans. 30 ms™, 10ms]

2. A car A is moving with a speed of 60 km h™' and car B is
moving with a speed of 75 km h™!, along parallel straight
paths, starting from the same point. What is the position
of car A wrt. car B after 20 minutes 7 [Ans. 5 km behind]

3. Two cars started simultaneously towards each other from
two towns A and B which are 480 km apart. It took the first
car travelling from A to B eight hours to cover the distance
and second car travelling from B to A, ten hours. Determine
when the cars will meet after starting and at what distance
from A ? [Ans. 4-4 h, 264 kim]

4. 1If a man’s speed along and against the water current in a
river is 15 km h™! and 5 km h™!, then find the man’s speed in
still water and the speed of river.  [Ans. 10 km h™!, Skm h™']

5. Two buses arc moving in the same direction with the same
speed 30 km h™'. They are separated by a distance of 4 km.
What is the speed of a bus moving in opposite direction if
it mects these two buses at an interval of 5 minutes ?

[Ans. 18 kmh™]

6. A man from a van moving with a speed of 36 km h™! fires a
bullet at a car moving in the same direction with a speed of
108 km h™'. If the speed of bullet is 504 km h™, then with
what speed the bullet strikes the car ? [Ans. 120ms™!]

7. A car is moving with a velocity 10 m s~!. A motoreyclist
wishes 1o overtake the car in 60 s. With what velocity the
motor cyclist should chase the car which is 1 km ahead of
him ? [Ans. 26:67 ms71]

Hints!l Solutions

1. Let the velocities of trains A and B are # and v
While overtaking
Relative velocity of train Aw.rt. trainB=u—-v
While crossing
Relative velocity of train Awrt. train B=u+wv
Total distance to be travelled by train A while crossing
=200+200=400m
400 D D
Hence 20 = U= —,l=—
u— t v
u—-v =20 (1)
Also 10 = 400
i+ v
u+v =40 -(2)
Adding eqn. (1) and (2), 24 =60 =>u=30ms!
From (2),30 +v=40,v=10ms.
2. vya=60kmh™,vy=75kmh!

CBSE || PHYSICS
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VA =60-75= v, =—15kmh!
.. distance of car A from car B after 20 minutes

20
=_].5X—=_
60 5km

. car Ais 5§ km behind car B.

3. Distance between two towns =480 kmie, S=480km

6. Speed of car (u,) =108 kmh™!' =108 x 5/18 =30ms™!

Speed of first car = % = 48ﬂ =60 km h™!

) 480

ap = — = — - |
Speed of second car 10 10 48 km h

Let the two cars meet after time ¢ so

S

S
— X+ —xXil= =
3 10 S = 60r+48 =480

108t =480,¢ = 480 =4-441
= [ = i 108 = 1.

Distance from A = 60 » 4-4 = 264 km.

Speed of bullet (v,) = Speed of van + Speed of the bullet

with which it is fired
=36+504=540kmh'=150mg!

7. Velocity of caru, = 10m s~

.. speed with which bullet strikes the car
Vpe =0y —U,=150-30=120m !
1

Let the velocity of motor cyclist = v,
. relative velocity of motor cycle wr.t. car=(v,, —10) ms™!
Time to overtake car = 60 s

Separation between car and motoreycle initially 1 km= 1000 m

Using formula v, — v, = ]
{
=10 = 1000
60

Uy — 10 = 1667 = v, =2667 ms™!
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HOTS

# Problem 1. The displacement of a particle moving in
one dimension, under the action of constant force is related to

time ¢ by equation 7 = Vx + 3 where x is in metres and 1 is
in seconds. Find the displacement of the particle when its
velocity is zero.

Solution. Given ¢ = J? + 3

\”.? =f=3 (1)

gt]udl’lllh, eqn.( 1) both sides

x=r+9—6torx=Fr—6/+9 A2)
dx d
So instantaneous velocity v, = ar = ar (—6i+9)
dx .
Ui = E =2f-6 .A3)
Now when velocity of particle is zero.
Ving =0
2t-6 =0
= 2t =6=2¢=3s
. Displacement of particle at r =3 s
x=9-18+9=0

Hence displacement = 0

@ Problem 2. The veloeity of a particle is given by v =1
+ gt + fi. If its position is x = 0 at ¢ = 0, then what is
displacement afterr=1s7 (A.LE.EE. 207)

Solution. Given v =vy+gt+

But U o= .
dr
ax .
' =g+ gt t i A1)
dx = (vy+gt+ /) dt .A2)

CBSE--PHYSICS
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Integrating eqn. (2) both sides within limits
at =0, x=0andatf=1sx=x

I.:ir:

i=1

I Uu +g:+ﬁ2}a’x
=0
r=ls

1=ls 1=ls

= (x)) = I vgdt + J grdr-i-J frlde
i=0 r=0 =0
2 3! 3y
= .\'—DZUU(”%]"'?[[_J +f[f_]
F 30
£ f
¥ = (l-0) +& 10+ L (1-
= x =1 (1-0) 2[ ) 3(
1 1
= X =Uy +— + =
ot R3S

@ Problem 3. Two boys are standing at the ends A and B
of a ground where AB = a. 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 time 7. Find the value of 7. (C.B.S.E. (Med) 2005)

Solution. Given
Boys are standing at ends A and
B such thmAB =« c
Boy at B runs perpendicular to
AB with velocity v,
Let the boy at A catches the boy Tp]
B at point C after time ¢

Distance AC =t A “ B
Distance BC = u¢
Using Pythagorus theorem in ACAB
AC? =AB*+BC”
= v =a P
= U -ut =a C

[1_1'2 - U%) v |
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# Problem 4. A bus is moving with a speed of 10 m s on

a straight road. A scooterist wishes to overtake the bus in
100 s. If the bus is at a distance of 1 km from the scooterist,
with what speed eould it chase the bus ?

(C.B.S.E.A.LPM.T. 2010
10ms™!

Let vy, be the relative velocity of scooterist w.r.t. bus

Solution. Given v, =

"U_‘_ b = US — 1 b IUS = 'L"_\'h 4 .-L-_I‘;|
Displacement 1km
IU.\]'I = - —
time 100 s
1000 m
=——— =10ms"!
1005
v, =10ms!+10ms!'=20ms!

0 Problem 5. A particle moving along X-axis has

Pl‘
and T are constants. The particle at ¢ = 0 has zero velocity.

Find the velocity of the particle in the time inferval between r=
0 and the instant when f=0. (C.B.S.E. (Med.) 2007)

¢
acceleration fat time ¢ is given by f = So [1 - ) where f;

Solution. Given f= f ( 1- L) 1)
T
at f=0and¢=T
Eqn.(1) can be written as
du t
o P [ T )
v = S l—— dt 2
dv = fo [ T ) -{2)
Integrating equation (2) within proper limits i.e.,
at r=0,v=0andat7=T, velocity =v
U =T p
duv = 1 - — |at
foo < Ta(1-4)
0 t=0
T T
y t
- (v)5 = [ fout _[fids
T
0 i
T
v=0 = (fol)y - &Irdf
0
5 AT
. Jo [ t7
= f,(T-0)-22
b0 2(2)
0
. £ 2
v o= j{]T—#(T - 0)
= f;;T—;—‘iiTg = foT — f;j’ T
S eelan
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W rruniei v 1w CYCHSIY A dlu D FEiurn 1ronm P
spot O to their homes P and Q respectively. The position-time
graphs are shown in figure given below. Tell

{a} Which of the two lines closer to the picnic spot 7

{h) Which of the two started earlier 7

{c) Which of the two was faster ?

(e} Do both of them reach their home at the same
time ?

{e) Who overtakes whom and how many times ?

Q

Position
X (1)

C
——> Time
Fig. 41

Solution. (@) From position-time graph, it is clear that
0Q=0P

So, line A is closer to the picnic spot.

fh) The position-time graph for cyclist A starts from origin
(¢t = 0) while position-time graph of B starts from C, which
indicates that B started later than A after a time interval so A
started earlier than B.

fc) Speed = slope of position-time graph. As slope of
position-time graph for B is more than the slope of position-
time graph for A, hence B is faster than A.

fd) Correcponding to both P and Q, the time interval 1g
same Le. equal to OD. It indicates that both A and B reach their
homes at the same time.

fe) The position-time graph intersects at point K, which
indicates that cyclist B crosses A and after this there is no
point of intersection. Thus, two cyclists cross each other only
once.

@ Problem 7. Figure shown here shows the distance-time
eraph of two trains, which start moving simultaneously in the
same direction. From the graph, find

{7) How much ahead the train B is from train A when motion
starts ?

(ii) What is speed of train B ?

(#ii) When and where will A catch B ?

(iv) What is difference between speeds of Aand B ?
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= ’ ¥
B || A e e R
2 P )
Q !
50+ :
|
3 AIS i .
0 ! E — 1
> Time (hours)

Fig. 42

Solution. (i) From distance-time graph, it is ¢lear that train
B is ahead of train A by the distance OP = 100 km when the
motion starts.

5
— = — =25km k!
PR 2
(iii) Two trains intersect cach other at point Q so train A
will catch the train B after 2 hours and at a distance 150 km from
the origin.

(i) Speed of train B =

b S b A_Q _150-0 150
{iv) Speed of train oS ——2_0 =

lq’

=75kmbL
@ Problem 8. The speed-time graph of a particle moving
along a fixed direction is as shown. Find

(i) Distance travelled by particle hetween 0 second and 10
second.

(ii) Average speed between this interval.

(i) Time when speed was minimum.

(fv) Time when speed was maximum. (Delhi 2006)
4
12
Speed q
(ms-1) :
!
|
N
L >
0 5 10

-.—> Time (s)
Fig. 43
Solution, Distance travelled by particle betweenOsand 108

Distance = Area under speed-time graph

1
=:(I(l—0u|2—(b)~ x 0% 12=60m

0| =

Total distance travelled
Total time taken

fii) Average speed =

- m -
10 =6ms

(iii) Speed of particle is minmmum at imes =0 and 7= 10s.
(iv) Speed is maximum at f =5 s.
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€ Problem 9. A particle is moving along X-axis. The
position of the particle at any instant of time is given by

x=a+bf wherea=6mand =35 ms?

1 is measured in second. Find (i} velocity of particle at r=
Osands=3s.

(ii) Average velocity betweenr=3sand ¢=6s.

-

ms*-=

x =6+35° A1)

[#¥)
N

Solution. Given x=a+ br*.a=6,b=

DifTerentiating egn.(1) both sides w.rt. ¢

dx d .
& = & (6+35r)=0+2x35M=T1
dx
7 =Tt = v=T w(2)
(i) At t=0,v=0ms"
At 1t =3s,v=7x3=2Imgs"}

_ Total displacement of particle

(ii) Average veloeity -
Total time taken

x(t =6s)-x(t =3s)
(6 -3)s

16 +35(36)} — {6+ 35(9)}

3s
(6 +126) - (6 + 31'5)
i 3
(132 -375)m 94-5m
= = =31-5ms!
3s 3s

@ Problem 10. A person starts from the centre O of a
circular ground of radius 1 km, reaches the end A of the circle
and travels along the circumference up to B and then reaches
the centre along BO as shown in Fig. IT he takes 15 minutes to
complete this journey, then find (i) net displacement (7)) average
velocity (iii) average speed of person.

Fig. 44
Solution. (i) As person starts the journey from point O
and again reachces the point O to complete the journey, then

Net displacement =0

¢ . i 0
fii) Average velocity = Mot dispiscanient. @ =0

Net time S
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INet distance travelled

{iii} Average speed = -
Time aken

MNow, Net distance travelled

1
= 0A + r % Circumference of circle + BO

]
Ikm+:x‘1_r+]

1km + = l+1k1n

314
2km + “—— km = 3-57 km

Time taken lor travelling this distance = 15 munutes

! km = 1428 km h™!

. average speed of person = ——
1/4 h

@ Problem 11, A point traversed half the distance with a
velocity vy The remaining part of the distance was covered
with velocity v for half of the time, and with velocity v, for the
other half of the time, Find the mean velocity of the point average
over the whole time of motion.

Selution. Let total distance traversed by poimt = 3§

.8
then by question 5 =gy =1 = S A1)

2vg

I1 ¢ be the time taken by the point to travel remaining

3

5" then
S ! f
— sy —+u— =(y +vy)—
2 2 =2 =2
28 5
=—Q,1 = (2
2{v + 7)) U 4+ Uy
Total distance
. Average speed = —5 .S
Tuotal time n+1
_ 5
5 5
+
Zl‘u L‘l + L‘:

CBSE--PHYSICS
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5
S{v, + 1)+ 28y
2uy (v +vy)

Average speed

2vg (v + 13 )8

Sy + v + 21y

2ug (v +vq)

Average speed o + vy 12,

@ Problem 12. Two persons I* and () are standing 54 m
apart on a long moving belt. Person P rolls a round stone
towards person Q with a speed of 9 m s™! with respect to belt. If
the belt is moving with speed 4 m s in the direction from P to
Q fa). What will be the speed of stone w.r.t. an observer on
stationary platform ? (5) What is the time taken by stone to
travel from I* to Q 7 (c) What will be the speed of stone w.rt. an
observer on a stationary platform if person Q rolls the stone
with a velocity of 9 m 5™ w.r.t. the belt towards person I and
the time taken by stone to travel rom Qo P ?

Solution. fa) Let the direction from P to (Q is taken as
pusilive,

P Q)
.3 54 m |

Giiven, speed of belt, v,

=4ms!

Speed of stone w.rl. belt v, = 9 m s~
llence, speed of stone w.r.t. stationary observer = v, + v,
=(0+4)ms~' =13ms™
(h) Distance between persons P and Q= 54 m
Speed of stone, v, =+9m s~
. time taken by stone in travelling from P o (), time
Distance 54m

I = - = :f [
Velocity Ims! ,

lime =6
fe) Given 1= +d ms!

v, =—9my!

5

*. speed of stone wor.t. stationary ohserver

i{stone rolls from person Q o P)

=1,y
=—Omsgl+dms!=—35ms!
Negative sign shows that the stone is moving in a direction
opposite 1o the dircetion in which bell is moving.

Speed of stone wirt. Por Q=9 ms™

Distane 54m
. Time taken, 1 = SHanee - — =65
Speed 9ms™
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CONCEPTUAL QUESTIONS

Q.1. What is translation motion?

Ans. Rigid objects that move without rotation are said to undergo translation motion. When we
are interested only in translation motion and the object’s size is not significant, we can
treat the object as a particle.

Q.2. Which is generally our frame of reference for studying motion of objects?

Ans. Ordinarily our frame of reference for studying motion of objects is a coordinate system
attached to the surface of earth. Unless stated otherwise, this is our frame of reference.

Q.3. An aeroplane is flying in the sky. Is its motion three dimensional?

Ans. Yes. It is because it may be changing its direction as well as the height from the ground
during its flight.

Q.4. Which is the simplest type of motion?

Ans. The uniform motion in a straight line (one dimensional motion) is the simplest type of
motion.

Q.5. Why is time period repeated twice in the unit of acceleration?

Ans. The velocity of a particle is the rate at which its displacement changes with time; its
acceleration is the rate at which its velocity changes with time. Thus acceleration is the
rate of a rate. So time is repeated twice.

Q.6. Fig. 6.35 shows v — ¢ graph for various situations. What does each graph indicate?
v

r s
y B
/D
G
C ,-"'HE
g A
’ 4
i P
I L’
i -
O F Tt
Fig. 6.35

Ans. Acceleration = Slope of v — ¢ graph

(/) Straight line AB indicates that the acceleration of the moving body is zero. Clearly,
the body is moving with constant velocity.
(ii) Straight line CD indicates that the body has constant positive acceleration with
initial velocity OC. In this case, the velocity of the body is increasing.
(iii) Straight line OF indicates that the body has positive constant acceleration with zero
initial velocity.
(iv) Dotted curve Of shows the increasing acceleration. Here the slope of the graph
increases with time.
(v) Dotted curve OH indicates decreasing acceleration. Here the slope of the graph
decreases with time.
(vi) The straight line FG indicates that the body is moving with constant negative accel-

eration. Here the slope of the graph is negative. It means the velocity of the body
is decreasing at a constant rate. e
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VERY SHORT ANSWER QUESTIONS

Q.1. Are rest and motion absolute or relative terms?

Ans. Rest and motion are relative terms,

Q.2. Which speed is measured by the speedometer of a car?

Ans. Instantaneous speed ie., speed at a given instant of time.

Q.3. A body is moving with a uniform velocity. What does it mean?

Ans. It means that the body is moving with a constant speed in a straight line.

Q.4. Can a body have a constant velocity but a variable speed?

Ans. No. It is because speed is equal to the magnitude of velocity.

Q.5. Can a body have a constant speed but variable velocity?

Ans. Yes. When a body is rotated along a circular path with constant linear speed, the velocity is
changing (because direction of motion is changing) but speed is constant.

Q.6. What does the slope of position-time graph of a body represent?

Ans. The slope of x — ¢ graph of a body represents its velocity.

Q.7. Under what condition will the distance and displacement of a moving object will have the
same magnitude?

Ans. When the object moves in a straight line in the same direction.
(Q.8. What is the nature of position-time graph for a stationary object?
Ans. The x — r graph for a stationary object is a straight line parallel to time-axis.
Q.9. Can the speed of a body be negative?
Ans. No. It is because speed = distance/time and distance can never be negative.
Q.10. Can the slope of x — ¢ graph be negative?
Ans. Yes. It is so when the velocity of the body is negative.
Q.11. What is meant by a point object in physics?
Ans. An object is considered as a point object when its size is negligible compared to the scale of
observation.
Q.12. What does slope of velocity-time graph represent?
Ans. The slope of velocity-time graph represents acceleration.
Q.13. How will you calculate distance travelled from velocity-time graph?
Ans. The arca under v — ¢ graph for a given time interval gives the distance covered during that time
interval.
Q.14. What will be the nature of x — ¢ graph for a uniform motion?
Ans. It will be a straight line inclined to the time-axis.
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Q.15.
Ans.

Q.16.

Ans.

Q.17.
Ans.

Q.18.
Ans.

Q.19.
Ans.

Q.20.
Ans.
Q.21.
Ans,
Q.22.
Ans.

RINEMATICS

Can an object be accelerated without speeding up or slowing down?

Yes, it can be so in case of uniform circular motion of an object.

If the acceleration of a body is zero, what is the nature of motion?

If the acceleration of a body is zero, the body is either moving with constant velocity in a straight
line or remains at rest.

What is the basic difference between speed and velocity?

Speed indicates how fast the body is moving whereas velocity tells us how fast and in which
dircction it is moving.

What does area under velocity-time graph represent?

The net area under velocity-time graph represents displacement for a given time interval.

Can the displacement be greater than distance travelled by an object?

Displacement is the shortest distance between two positions. Therefore, displacement cannot be
greater than the distance travelled.

What will be the nature of velocity-time graph for a uniform motion?

It will be a straight line parallel to time-axis.

When will the relative velocity of two moving objects be zero?

When the two objects are moving with same speed in the same direction (i.e., equal velocities).
How can a body be simultaneously at rest and in motion?

In relative motion, it is possible. A passenger in a train is at rest wr:f. train but is in motion w.rL
ground.

SHORT ANSWER QUESTIONS

Q.l1.
Ans.

Q.2.
Ans.

Q.3.
Ans.

If the displacement of a body is zero, is the distance covered by it necessarily zero? Comment.
No. For example, when a body is thrown vertically upward, it comes back to the same point after
some time. In this case, displacement of the body is zero but the distance travelled by the body is
2h where A is the maximum height to which the body rises. Similarly, when a body moving in a
circle of radius » completes one revolution, the displacement of the body is zero but distance
travelled by it is 2#r.
Explain that rest and motion are always relative,
Rest and motion are relative terms. For example, a book on the table is at rest w.r:t. table and other
objects in the room. If an observer is located on the moon, he will observe that the book and other
objects in the room are moving. Thus the book is at rest if viewed from the room but is moving
if viewed from the moon.
A body can have zero average velocity but not zero average speed. Comment.
The statement is true.
Total displacement Average speed = Total distance

Total time ’ £e °P Total time
If a body moving in a circular path of radius r completes one revolution in ¢ seconds, then
displacement is zero but distance travelled is 2mr. Therefore, the average velocity of the body is
zero while average speed is 2nrt.
A car covers a distance S, with velocity v, and distance §, with velocity v,. What is the average
velocity of car?

Average velocity =

S5+ 5,

... Refer to E le 6.1.
(S, 7o)+ (53 /%) efer to Example

Average velocity =
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. During a given interval of time, can the average velocity of a body be greater than its average

speed?
No. It is because during a given time interval, the total displacement can be equal to or smaller
than the total distance travelled.

A cyclist completes one round of circular track of radius R = 20 m in 20 seconds. What will
be the displacement at the end of 20 s and 30 s?

At the end of 20 s, the cyclist completes one revolution and the displacement is zero. However,
at the end of 30 s, the cyclist completes 1.5 revolutions and the displacement = diameter of circle
=2R=2x20=40 m.

In the above question, what is the average speed and average velocity?

After 20 s, average speed = 2nR/t = 21 x 20/20 = 27 m/s and average velocity = 0 m/s.

After 30 s, average speed = 1.5 = 2 x 20/30 = 2 m/s and average velocity = 2 R/t = 40/30 = 4/3ms .
The velocity-time graph of two bodies A and B make angles of 30° and 60° with the time-axis.
What is the ratio of their accelerations?

aa, = tan 30°tan 60° = 1/3.

The displacement-time graph of two bodies A and B make angles of 45° and 30° with time-
axis. What is the ratio of their velocities?

vV = tan 45%1an 30° = J3.

A car travels half the distance with velocity v, and the second half with a velocity »,. If the
total distance is §, what is the average velocity of the car?
2wy,

Does velocity or acceleration decide the direction of motion of a body?

Average velocity = ... Refer to Example 6.1.

It is the velocity and not acceleration that decides the direction of motion of a body. Thus when
a body is thrown upward, the direction of motion of the body and its velocity are in the upward
direction. However, acceleration due to gravity (g) acts vertically downward. Therefore, direction
of motion of the body is in the direction of velocity and not that of acceleration.
If the distance (x) covered by a moving body is directly proportional to time (), what conclu-
sions you draw?
x oo t or x = kt when & is constant of proportionality.

dx _d

] ' = —=—(ktY=k = ots
Now, ! i a‘.r( ) constant

Therefore, the body is moving with uniform velocity i.e., with a constant speed in a straight line,

. If the displacement of a body is directly proportional to the square of time, what conclusions

yvou draw?

The body is moving with uniform acceleration (Refer to Example 6.20).

If the displacement of a body is proportional to £, what conclusions you draw?
Acceleration oc ¢ (Refer to Example 6.21).

A ship S, is sailing due east with a velocity of 30 km/h and another ship §, is sailing due south
with the same velocity. What is the velocity of S, relative to §,?

Impress a velocity of 30 km/h due west on both ships. This brings ship S, to rest. The velocity v
of 8, wirt. 8, is the resultant of two velocities, each 30 km/h, one due west and the other due south,
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V= \2302 +30° = 30\5 km/h south-west

Q.16. When two cars A and B move towards each other with constant velocities v, and v, the
distance between them decreases by 10 m/s. When they move in same direction with the same
speed, the distance between them increases by 5 m/s. What are their velocities ?

Ans. v, + v, = 10 m/s and v, — vy, = 5 m/s. Thercfore, v, = 7.5 m/s; v, = 2.5 m/s.

I Fill in the Blanks [N

. The branch of Physics that deals with the motion of

material objects is called as ......... .

. An object can be at rest as well as in motion ......... :
¢ s of a particle varies even if its ....ccoceeneees is

constant.

. Displacement ot an object can be ... distance.

5. When a ball is thrown upward then velocity of body at
............. point I8 .coeees

6. A motion in which the distance of the moving particle
from fixed point is always constant during its motion is
called ... :

10.
11.

If a particle covers distances x| and x, with speeds v,
and v, in the same direction then the average speed of
the particle is .ooeeene .

When the position-time graph for the motion of particle
is a straight line parallel to position axis then its velocity
T .

Motion of an aeroplane during its flight is called as

The revolution of earth around the sun is called .......... }

If the distance covered by a particle is zero then its
displacement must be .......... .

12. Slope of the position-time graph represents ................

1. mechanics 2. at the same time 3. Velcotiy, speed
4. greater than or equal to 5. highest, zero 6. circular motion.

X +Xs

X X
e 3
v W

7. R. infinite 9. three dimensional matinon

10. two dimensional motion 11. zero 12. uniform velocity

of object.
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{Carry 1 Mark )

Can the displacement be greater than the distance travelled
by an object ? Give reason,

Ans. No, the displacement of the object can never be
greater than distance. The displacement can be either equal
{0 or less than the distance travelled by object because the
displacement is the shortest distance between initial and
final locations where as distance is the actual path travelled
between initial and final locations.

Can earth be regarded as a point abject when it is describing
its yearly journey around the sun ?

Ans. Yes, because the size of the earth is very small as
compared to the radius of the orbital path of carth around
sm.

Which speed is measured by the speedometer of your
scooter ?

Ans. Speedometer of the scooter measures the
instantaneous speed of the scooter at a given instant of time.

Can the speed of a body be negative ?
Ans.  No, speed can never be negative as speed is the

distance travelled by a body per unit time and distance
travelled is never negative.

What is the nature of velocity-time graph for a uniform
motion ?

Ams. It will be a straight line parallel to time axis.

What is the nature of position-time graph for a uniform
motion ?

Ans.
If the displacement-time graph for a particle is paralle] to
(i) Displacement axis (i) the time axis

What will be velocity of the particle ?

M~ R

It will be a straight lime inclined to time axis.

Displacement

A

L

o Time

Ans. (i} Velocity will be infinite.
situation.

It is not a practical

CBSE--PHYSICS
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13,

14.

(i} Lera.
Can position-time graph have negative slope ?
Ans,

Can a body have a constant speed and still have varying
velocity ?

Yes, when velocity of the abject 15 negative,

Ans. Yes, when a particle is in uniform cireular motion
then speed of particle is conslant whereas velocily is
varying as there is the change in direction of motion at
every point,

Can a body have constant velocity but still have varying
speed ?

Ans. No, a body never possess constanl veloeity il the
speed is varying. Whenever speed changes velocity also
changes.

Can a particle in one-dimensional motion have zero speed
and a non zero velocity ?

Ans, No, if the speed is zero, then velocity will he
necessarily zero.

Under what conditions is the average velocity equal to
instantancous velocity ?

Ans. Tt happens when the body is moeving with uniform
velocity £¢e, motion of body is uniform in one direction,
What do you understand by positive and negative time ?
Ans. The instant of time which is taken after the origin of
time is called positive time and the instant of time which is
tuken before the origin of lime is negative time.

What is the common between the two graphs shown in
figure ?

—>¢ \
Fig. 46 Fig. 47

Ans. Both the graphs represent negative velocity.
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Is the speed-time graph shown in the given figure possible ?

\/—\ FAEN
speed” R Ry
—> lime
Fig. 48
Ans, No, the speed-time graph shown in figure is not
possible because speed can never be negative.

What is common between the two graphs shown in ficure ?
IT / —> IT
—I
Fig. 49 Fig. 50

Ans. Both the graphs represent positive velocity.

What does the area under velocity-time graph
represent ?

Ans. Displacement.

Under what conditions the magnitude of the average velacity
is equal to average speed ?

Ans, The magnitude of the average velocity will always
be equal to average speed when the object moves with
constant velocity,

l Short Answer Concept Based Problems

1.
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19. Draw the position-time graph for a stationary car or an

object.

Ans. Position-time graph for a stationary car is as shown.

X
.tT v

—_— time

20. Identify the types of motion in the following cases :

fa}) A carrom coin striking against the side of a board
and hopping up as it rebounds without rebounding
smoothh.

A car going on a zig-zag path through traffic on a
busy highwax.

(B}

fc} Acaron a straight highway

fd) An ant crawling on a large sphere.
fe) The earth revolving around the sun.
Ans. fa) Three dimensional motion

fh)  Two dimensional motion
{)  One dimensional motion
{d) Two dimensional motion

fe) Two dimensional molion.

(Carry 2 or 3 Marks)

Can a body is said to be at rest as well as in motion at the
same time ?

Ans.  Yes, an object may be at rest relative to one ohject
and at the same time it may be in motion relative to another
ohject. For example, a passenger sitting in a moving bus is
at rest w.rt. another passengers in the bus and at the same
time he is in motion wort, the surrounding ohjects (Buildings,
trees on the road side). lence rest and motion are relative
terms.

When an object is considered as a point object 7 Explain
briefly.

Ans. An object is considered as a point object if during
molion in & given time its dimensions are negligible as
comparcd to the distance travelled by it For example, ifa
bus of size 10 metres is moving few hundred Kilometers
distance then in order 1o study its mation, the bus can he
considercd as a point ohject as 10 m is negligible as
compared to the few hundred km distance.

Is the magnitude of displacement of object and total
distance covered by it in certain time interval same ?
Explain.

Ans. [t is not necessary because if an object covers a
complete circular loop of radius. r, then the displacement
of object is zero but the distance covered is 2mr.

CBSE--PHYSICS
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6.

Is it true that in one dimensional motion a particle with
zero speed may have non-zero velocity 7 Explain,
Aups. [t will never be possible because velocity = Speed +
Direction, so if speed 15 #ero veloeity will also be zero.
Explain that a body can have zero average velocity but not
Zero average specd
Total distance coverad

Total time taken

Ans.

Average speed =

} Total or Net displacement
Average velocily =

Total time taken

Now, il the body is moving along a circular path of radius
Fr then displacement of the body is zero in one complete
rotation but distance 1s 2nr

2nar
", average speed ol body = T and average veloeity = 0.

Show that the average velocity of a body over a complete
time interval is either less than or equal to the average
speed of particle over the same interval.

_ Total displacement
Total time

Ans. Average velocity
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Total distance
Total time

Since displacement is less than or equal 1o the distance
therefore average velocity is less than or equal to average
speed.

Under what circumstances, the relationship Av = v
Af hold exactly ?

Ans. The given relation hold good only if the object is
moving with uniform velocity.

An athlete completes one round of a circular irack of radius
Rin 30 seconds. ¥What will be the displacement at the end
of 2 min, 15 second ?

Average speed =

Ans. No. of rotation completed in 30 s=1
. . o 2x60+15
rotations conmipleted in 2 min. 155 = T

the no. of rounds covered in 2 min. 15 § = 4-3 rounds
which means the athlete covers four complete rounds and
one hall round so finally he will be atl the opposite end of
the diameter from starting point,

-
Hence, displacement = 2 R .

A body travels with velocity v, for time #; and with velocity
v, for time #; seconds in the same direction, find the
average velocity of body.

Ans. Total time taken by body =1, + 1,
Net displacement in time f; + = v 1+ 4 [
’t.‘l.l‘l + -U?_.l‘z
(h +1;)
The displacement x of the body in mofion is given by

x=Asin (o + 0). Determine the time at which displacement
will be maximum.

Ans. Given x = A sin (o + 0)
The displacement will be maximum if sin {¢af + 8) 1s maximum
ie,

average velocity =

sin (et + @) =1
sin {ear + 0) =sin w2
(i +8) =n?

of =
- (L -3
2y
If a person travels a distance 5; with velocity v; and

distance S; with velocity v in the same direction, then
what shounld be the average velocity of person ?

Ans, Distance §)is travelled by person with velocity v
So time taken by person in travelling distance 5, ie.,
oS

L

Similarly time taken by person in travelling distance 5, f.e,
S,

Uy

ty =

Total distance travelled by person =5+ 8,
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Total time taken by person to travel this distance = ¢ + £,

Total distance  _ S +5;

Average velocity = —Tutal fime taken

1 41,
. - SI + Sz - SE +52
ety 5 S
b V2
SI +S? _{51 +S_'I!]'LI Ua

Sl Uy +S: 1 S] Uy 4 52 1y

vy Uy

The speedometer of a car A moving eastward reads
50 km/h. It passes another car B which travels westward
at 50 km/h. (i) Do both the cars have speed ? (7)) Do they
have same velocity ? (7f{) What is relative velocity of car
Awrt,carB?
Ans. (i) Speedometer measures the instantaneous speed
of the car hence both cars possess same speed.
fii} Because veloeily is a veelor quantity so both cars are
having opposite velocities and move in oppasite direction.
fiif} vap =rvpa—rvg=30—-(—30)
= 100 km'h due east.
If the distance covered by a moving object varies directly
as the time, what conelusion ¢ould you draw about the
motion and the forces ?
Ans, Let the distance covered is x
Yt x =kt

where k is constant of proportionality.

dx

==L k=i
Vo a T dr{ n=

So, the body must be moving with constant speed, also
net force on body in direction of motion.

F=ma=F=0
Four persons K, L, M and N are initially at the four corners
of a square of side . Each person now moves with a uniform
speed v in such a way that K always travel directly towards
L, L directly towards M, M directly towards N and N
directly towards K. What is the time after which they will
meet ?
Apns. Motion of four persons K, L, M and N is as shown
in figure

A v 4 B
—r
450 7 .
s -
o _‘H o
[
C.'rv P
"P'-'-‘\\ f’
”
L9 -
S
£l ’f. [
A0
el ™
- ~
-~ ~
- LY
* »
- LY
’ b
- -
- =~
- A
D 4 C
Fig. 86
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A body covers a distance of x metre along a semicircular
path. Caleulate the magnitude of displacement of the body
and the ratio of distance 1o displacement.

Ans. Letr be the radius of the semicircular path.

CXE ——— =mnr

2

X . 2x
r="— . Diameter=2r= — r
n '.rr Fig. 57

Magnitude of displacement = Dinmeter of semicircle
_2x
E

X xm

Ratio of distance and displacement = =
2xin x

_ T
)

Usually average speed means the ratio of total distance
travelled to the total time elapsed. However, some times
the phrase *average speed’ can mean the magnitude of
average velocity, Are the two same 7 Explain.

Ans. [t is not correct to say that the average speed of a
body is equal to the magnitude of average velocity because
both have different meanings.

Total distance travelled
Total time taken

Average speed, v, =

Total displacement
Total Hme

Magnitude of average velocity -

As distance travelled by a body is always positive, whereas
the displacement may be positive, negative or zero, so
distance = displacement

-

v, = [ Vay

Is the time variation of position, as shown in figure observed
in nature 7

A C
— Posirion

Fig. 58
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Ans, [tis not possible because in the given variation with
the increase of position-time firstly increases from A to B
and then with the increase of position-time decreases along
BC which is never possible.

The graph between total path length and time for a particle
maoving along a straight line as shown in figure is not
possible. Explain why ?

&~

Total
path length

L

— fme
Fig. 59

Ans. [t is clear from the figure that with the passage of
time, the total path length firstly increases and then it
decreases. But with the passage of time path lenath must
always increases or remains constant. Hence, this graph is
not possible.

If veloeity is constant, does the average velocity over an
interval of time difTer from the instantaneous velocity.

Ans. If the velocity of body is constantuniform, then
average velocity of body will never be different [fom
instantaneous velocity.

Displacement-time graph for the motion of a particle is
shown in figure, What can yvou say about the instantaneous
velocity of the particle at points A, B and C ?

A
I

B

W

— time
Fig. 60

Ans. We know that the slope of the displucement-time
graph is equal to velocity of particle.
Al point A slope of displacement-tme graph is positive, so
instantancous velocity at point A will be positive.
Al point B slope of displacement-time graph is zero, so
instantancous velocity at point B is zero. At point C slope ol
displacement-time graph is negative so velocity will be
negative.
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