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I Kinematics is the study of motion
without going into its causes.

i This chapter deals with motion
along a straight line, i.e.
rectilinear motion.

I The motion is the change in position

of an obiject with respect to time.
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ance an object travels is a scalar quantity,
of direction.

Velocity is a vector quantity that includes direction.

I In one dimension the direction of velocity is specified
by the + or — sign.
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DISGANCE AND DISFPI-ACEMENT

ce = length of the
1. taken to go from source tfo

fﬁsplacemen'l' = length of the
Joining the source
to the destination or in other
wor'ds the length of the



Example:
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ind Seema both start from their house. Rohit
1 to the east while Seema walk 1 km to t]
1 turns back and walks 1 km.

and her displacement is 0 m.

n of motion is different in

equire both and to
mine displacement.

> travelled by them is the same (2 km)
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otion is when
ements occur

ght line. )
‘driving a car at a
perfectly steady 60 kmph,
+his means there is a




Inilforv Motion

An object’s motion is
uniform if and only if its
position-versus-time
oeraph is a straight line.

P

The average velocity is
the slope of the position-
versus-time graph.

The SI'units of velocity

X

Position graph is a
straight line. The slope
of the lineis v,
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DISTANCE - TIME GRAPH
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NON - UNIFORM MOTION
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that is speeding up or slowing down is not in

e, the position-versus-time graph is not a
Ay yellow

Ne ~;an deTermme the average speed I/, between any two
imes separated by time inferval At by finding the slope

The instantaneous velocity is the object’s velocity
a single instant of time .
1 The average velocity V,, = As/At becomes a better and
better approximation to the instantaneous velocity as At
gets smaller and smaller.




(a) 30 frames per second

The slope of this line is the
average velocity between |
and 3, but it is not the instant-
aneous velocity at time f,.

(b) 3000 frames per second

The high-speed movie

.~shows dots that are

nearly equally spaced.

The highly magnified
section of the graph
near point 2 is very
nearly a straight line.
The slope of this line is

.a good approximation

(o the instantaneous
velocity at time £,. The
slope is the instant-

aneous velocity in the
l;-sq:‘ \ "y )



As At continues to get smaller, the average vel
v, — As/ At reaches a constant or limiting value

The instantaneous velocity at time f is the ave
velocity during a time interval At centered on
approaches zero.

In calculus, this is called the derivative of s with
Graphically, As/ At is the slope of a straight li

In the limit At — 0, the straight line is tangent

The instantaneous velocity at time 7 is the slop
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called the derivative of s with respect to t.
the slope of the line that is tangent to the
-versus-time graph.

t a function u that depends on time as

n—1

The derivative of u = ct”" 1s E = nct

du ,
— = (0 1f u = ¢ = constant
dt




mg the slope of a graph ot the function.
ilarly, evaluating an integral is equivalent to
ing the area under a graph of the function.
sider a function u that depends on time as u = ct,
re ¢ and 1 are constants:

th"+l

('.'I'"H
= — (n # —1)

~ . n+1 n+1

vertical bar in the third step means the integral
uated at £ minus the integral evaluated at ¢.

integral of a sum is the sum of the mtegrals If u
w are two sgh |




 units of acceleration are (m/ s)/s, or m/s>.

versus-time graph.

If acceleration is constant, the acceleration a_ is the
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NON UNIFORM ACCELERATION
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sLUEqguation of Motion

Initial velocity = u
Final velocity = v
Time =t
Acceleration = a
Displacement = s




219 Equation of Motion

Initial velocity = u
Final velocity = v
Time =t
Acceleration = a
Displacement = s




3 Equation of Motion

Initial velocity = u
Final velocity = v
Time =t
Acceleration = a
Displacement = s
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CALCULUS METHOD







CALCULUS METHOD




I Figure (a) shows the motion
diagram of an object that was
released from rest and falls freely.

I Figure (b) shows the object’s
velocity graph.

i The velocity graph is a straight
line with a slope:

Ay = Afree fal — — &8
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RELATIVE VELOCITY

When two bodies are moving in the same
direction parallel to each other;

Vab = Va — Vb
When two bodies are moving in opposite
directions;

Vab = Va + Vb
When two bodies make an angle with each
other

Vab = \ /val + Vi + 2Vacos®




Person outside the bus

10

- away from the tree
| is comparing the position of the bus with respect

(o origin) is position of the tree
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Person inside the bus

7 b

10 S O

The away from the bus.

The person is comparing the position of the tree with respect
to the position of the bus.

sReference (or origin) is position of the bus.



Both the observations are correct. The difference is what
taken as the origin.

Motion is always relative. When one says that a object

moving, he/she is comparing the position of that object wi

another object.

Motion is therefore change in position of an object with

respect to another object over time.

Kinematics studies motion without delving into what caus
conthe motion.
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