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Answer the following Questions. [Each carries 1 mark] [11]
Draw the x — ¢t graphs which represent the positive, negative and zero velocity.
Write definition of instantaneous velocity.

What does x represent ?

What is displacement ?

What is path length ?

When path length and magnitude of displacement are same ?

Which among path length and displacement cannot be zero ?

Draw the x — ¢ graphs for positive, negative and zero acceleration.

What is retardation ?

What is uniform motion ?

When the relative velocity of two cars v, = v5 becomes zero ?

Answer the following Questions. [Each carries 2 marks] [16]
Give difference between path length and displacement.

Explain with an example that the magnitude of displacement may be zero but the
corresponding path length is not zero.

Draw v — t graph for constant velocity and explain it.

Draw and explain the v — ¢ graphs for uniformly accelerated motion.

What is stopping distance for vehicle ?

Give difference between average speed and average velocity.

Draw graphs a —t, v —> t and x — ¢ for the object falling freely.

What is free fall ? Write equations of uniformly accelerated motion for object falling freely.

Answer the following Questions. [Each carries 3 marks] [12]
Explain average velocity and average speed.

Explain the acceleration.

Derive the equations of uniformly accelerated motion by graphical method.

Obtain equations of motion for constant acceleration using method of calculus.

Answer the following Questions. [Each carries 4 marks] [4]

For an object moving on a straight line, draw x — ¢ graphs for :
(i) When it is rest.

(ii) When it is moving with constant velocity in positive direction.
(iii) When it is moving with constant velocity in negative direction.
(iv) When it performs non-uniform motion.
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Answer the following Questions. [Each carries 1 mark] [11]

Draw the x — ¢t graphs which represent the positive, negative and zero velocity.

T\/ TI\ T

x x x|

0 t—> 0 t— 0
(a) (b)

[
(c)

In graph (a), the position increases with respect to time, hence the average velocity is positive.
In graph (b), the position decreases with respect to time, hence the average velocity is negative.
In graph (c), the position doesn't change with respect to time, hence the average velocity is
Zero.

Write definition of instantaneous velocity.

Try Yourself

What does x represent ?

Try Yourself

What is displacement ?

Try Yourself

What is path length ?

Try Yourself

When path length and magnitude of displacement are same ?

Try Yourself

Which among path length and displacement cannot be zero ?

Try Yourself

Draw the x — ¢ graphs for positive, negative and zero acceleration.

The average acceleration equals the constant value of acceleration during the interval.
If the velocity of an object is v, at ¢t = 0 and v at time £,

V-1,

] !

a =

T| +vea T| —vea Tl a=0
X X X

— |~

t— 0 t—
(a) (b) (c)

What is retardation ?
Try Yourself
What is uniform motion ?

When an object moving on a straight line covers equal distance in equal intervals of time is
called uniform motion.
When the relative velocity of two cars v, = vz becomes zero ?
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When two cars move with same speed in same direction, then their relative velocity becomes
Zero.

Answer the following Questions. [Each carries 2 marks] [16]

Give difference between path length and displacement.

Path length Displacement
(1) | The total distance covered by the moving | (1) | The shortest distance between final
object is called path length. position and initial position is called
displacement.
(2) | It is always positive. (2) | It may be positive, negative or zero.
(3) | It is a scalar quantity. (3)| It is a vector quantity.

(4) | It can never be zero for any moving object. | (4) | It can be zero for moving object.

(5) | If motion is not linear then path length > | (5) | If motion is not linear, then
displacement. displacement < path length.

(6) | Final position cannot be determined from | (6) | Final position can be determined from
path length. displacement.

Explain with an example that the magnitude of displacement may be zero but the
corresponding path length is not zero.
R 0 Q P

-160-120-80 -40 0 40 80 120 160 200 240 280 320 360 400 m
-X +X

For example, if the car starts from O, goes to P and then returns to O.
The final position coincides with the initial position and the displacement is zero.
However, the path length of this journey is OP + PO = 360 m + 360 m = 720 m.

Thus, the magnitude of displacement for a course of motion may be zero but the corresponding
path length is not zero.

Draw v — t graph for constant velocity and explain it.

Suppose, there is an object moving with constant velocity u. Its velocity—time graph is as shown
in figure.

o=

T t—>

The v — t curve is a straight line parallel to the time axis.

The area under it between ¢ = 0 and ¢ = T is the area of the rectangle of height u and base T.
Therefore, area = u x T = uT which is the displacement in this time interval.

Note the dimensions of quantities on the two coordinate axes and it will give the proof.

The area enclosed above t-axis is positive and the area enclosed below t-axis is negative.

Note that the x-¢, v—t and a—t graphs shown in several figures in this chapter have sharp kinks
at some points implying that the functions are not differentiable at these points.

In any realistic situation, the functions will be differentiable at all points and the graphs will be

Welcome To Future - Quantum Paper




iy

15.

[ 3

"3

iy

"3

[ 3

" 3

16.

"3

"3

17.

smooth.
What this means physically is that acceleration and velocity cannot change values abruptly at an
instant. Changes are always continuous.

Draw and explain the v — ¢ graphs for uniformly accelerated motion.

Velocity-time graph for motion with constant acceleration are as following :

(a) (b)

(d)

An object is moving in a positive direction with a positive acceleration, then graph (a) is
obtained.

An object is moving in positive direction with a negative acceleration, then graph (b) is obtained.
An object is moving in negative direction with a negative acceleration, then graph (c) is obtained.
An object is moving in positive direction till time 7, and then turning back and moving with the
same negative acceleration. This is shown in graph (d).

An interesting feature of a velocity-time graph for any moving object is that the area under the
curve represents the displacement over a given time interval.

What is stopping distance for vehicle ?

When brakes are applied to a moving vehicle, the distance it travels before stopping is called
stopping distance.

Suppose, the velocity of moving vehicle is v,. After applying brakes retardation : —a
Distance covered : d (stopping distance)

Final velocity : v = 0

In equation v? —y5 = 2ax
0*1}3 = Z(fa)(ds) (vv=0,a=-a, s = ds)
vy = 2ad,
2
Yo
d, = —
* 2a

Here, a is value of retardation and it is constant.
Thus, stopping distance is proportional to square of the initial velocity.

2
dS DCUO

Give difference between average speed and average velocity.
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Average Speed Average Velocity
(1) [ The ratio of path length covered to time | (1)| The ratio of displacement covered
taken is called average speed. to time taken is called average
velocity.
(2)| It is a scalar quantity. (2)] It is a vector quantity.
(3)| It is always positive. (3) | It may be positive, negative or zero.
(4) | Average speed = Average velocity (4) | Average velocity < Average speed

Draw graphs a —t, v —> t and x — ¢ for the object falling freely.

0 1 2#Hs)—>
—
5+
=10 ——
1 -9.8m/s
a
(m/s”) (@

For object falling freely, acceleration is constant and equal to negative g. Thus, graph (a) shows
the change in acceleration with respect to time (a — 7).

i(s) =
1 2 3 4 5

T 401
v
(m/s) _gq |

(b)

Velocity of object falling freely, v = — gt. Thus, graph (b) is obtained for v — t.

0 . t(s) —)
=20 -
_30 .
-40 -
_50 .
_60 .

T —70-

Y -80 -
(m) —-90 -

(c)

For object falling freely, h = % gt?. Thus, graph (c) is obtained for x — .

What is free fall ? Write equations of uniformly accelerated motion for object falling freely.
The acceleration produced in the object due to gravitational force is called gravitational
acceleration.

This acceleration is in downward direction.

If the air resistance is neglected, then this type of falling of object is said to be free fall.
Here, acceleration is considered as negative gravitational acceleration.
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This is also an uniformly accelerated motion.

By putting v, = 0, @ = - g, d = — h in the kinematic equations; we can derive equations for free
fall.

V=1, +at
SV =-—gt

d = vot+1at2
2

1

—h = - gt?
1 zg
h =—gt?
2g
v? v = 2ad
LV =208 (h
S v2:2gh

v = ./2gh

Answer the following Questions. [Each carries 3 marks] [12]
Explain average velocity and average speed.

When an object is in motion, its position change with time and with what rate of time it will
change its position that can be find in two ways.

If we only find time rate then it is speed and if we find time rate with direction then it is
velocity.

Speed : The distance covered by object in unit time is called speed.

Average speed : The ratio of total distance covered during travelling to total time taken is called
average speed.

Its unit is ms~! and it is a scalar quantity. Hence its value is always positive.

Velocity : The displacement covered in unit time is called velocity.

It is a scalar quantity.

Average velocity is defined as the change in position or displacement (Ax) divided by the time
intervals (Af), in which the displacement occurs :

_ Xo — X Ax
UV = 22 21 = —
t,— 1 At

where x, and x, are the positions of the object at time #, and 7, respectively.

The SI unit for velocity is ms~!, although kmh~! is used in many everyday applications.

For motion in a straight line, the directional aspect of the vector can be taken care of by ‘+’ and
‘~’" signs and we do not have to use the vector notation for velocity.

Magnitude of average velocity can be positive, negative or zero.

Resultant effect of motion can be known from average velocity.

Average speed can be greater than or equal to the magnitude of average velocity.

For uniform motion at every moment, velocity is equal to average velocity.

Consider the motion of the car, the portion of the x -t graph between t = 0s and = 8s is
blown up and shown in figure.
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m  As seen from the plot, the average velocity of the car between time t = 5s and t = 7s is :

Xy — X 27.4-10.0 17.4

v = - - - _ -1
t,-t, = 7-5 - 2 =-87ms

™ Geometrically, this is the slope of the straight line P,P, connecting the initial position P, to the
final position P,.

21. Explain the acceleration.

m  The time rate of change of velocity is called acceleration.

'  Letaparticle be moving in a straight line and at time #, and ¢, its velocities are v, and v, respectively.

- Thus, the change in velocity of the particle in time interval Af = 1, - t, is v, — ;.

m  According to definition of average acceleration,

change in velocity
time

Average acceleration =

<a>=2""0 = &
t, -1 At
m  Average acceleration is a vector quantity and its direction is in the direction of change in
velocity (Av).
w  The unit of acceleration is ms2.

m  From average acceleration we cannot know how the velocity of particle changes with time.

e Taking lim 3 equation then we get instantaneous acceleration a at time .

Ar—0
a = lim LA
At—=0 At dt
- Now, V = it
’ dt
_dv  ddx
dr E(EJ
3 d’x . m
= ? =X

m  In other words second derivative of position with respect to time is acceleration of a particle.

dv dv
- Tf ar is positive, acceleration is along the positive X-axis and if ar is negative the acceleration
is along the negative X-axis.
22. Derive the equations of uniformly accelerated motion by graphical method.

" Now at t = 0 the velocity of the particle be v, and at ¢ =  the velocity of the particle be v.
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.. Acceleration a

slope of line AB

v-1,
= -0
v
a = 0
t
v =y, +at . (1)

m  Now displacement of a particle during time ¢ is equal to the area of region OABCD in v— ¢
graph.
. x = Area of rectangle OACD + Area of AACB

1
= Uyl + E(vao)t

1 -
X = vyt + Eat . @

but average velocity,

_ v+
x_( 5 Jt .. 3)

For, equation (3) and equation (1),

_ U—VO
a
+ —
x:(v UOJ(U Vo]
z a
v? - V2 = 2ax .. (4)

m  Above equation can be written as follows :
V=1, +at
1
X=Xg+ Ul + 5 at?
2a(x - xy) = V? — y,?
23. Obtain equations of motion for constant acceleration using method of calculus.

. dv
LS Acceleration @ = —
dt
. dv = adt

By integrating both sides,

v t
_[dv = ja dt
UO 0
L, = altl
. UV—y, = at
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LU=+ oat .. (1)
Now,

dx

— =V
dt

sodx = vdt

By integrating both sides,

X t
J dx = _[vdt
Xy 0

(vp +at)dt [From equation (1)]

O oy

[<E, =

2 13
at
X—Xy = {v0t+7}

0

= v0r+lat2
1 >
X = X +v0t+5at ... (2)
Now a = @ = @xd—x
Codt dx T dt
dv [ dx }
a=v— v — =V
dx dt
sovdy = adx

By integrating both sides,

v X
judu= Jadx
Yo *0
2T e
2 X0
Yo
2 2
v UO
=a(lx-x
% gx-x0)
o VP - py? = 2a(x - xp)
v? = U§+2a(xfx0) e (3)

Equation (1), (2) and (3) are equation of uniformly accelerated motion.

Answer the following Questions. [Each carries 4 marks] [4]

For an object moving on a straight line, draw x — ¢ graphs for :

(i) When it is rest.

(ii) When it is moving with constant velocity in positive direction.

(iii) When it is moving with constant velocity in negative direction.

(iv) When it performs non-uniform motion.

Motion of an object can be represented by a position—time graph.

Such a graph is a powerful tool to represent and analyse different aspects of motion of an object.
For motion along a straight line, say X-axis, only x-coordinate varies with time and we have an
x-t graph.

(1) Let us first consider the simple case in which an object is stationary. e.g. : a object standing
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still at x = 40 m. The position-time graph is a straight line parallel to the time axis.

X
(m)

40
20

L1111 5(s)
10 20 30 40 50 60

(a)

(2) If an object moving along the straight line covers equal distances in equal intervals of time,
it is said to be in uniform motion.

X A
(m)

0 t(s)
(b)

(3) The x — t graph for any object moving with constant negative velocity is as below.

x(m)

> 1(S)

- (4) (a) If object covers different distances in different intervals of time, it is said to be nonuniform
motion. The x — ¢ graph for it is as below :

x(m)

> 1(s)

(b) Let us consider the motion of a car that starts from rest at time ¢ = 0 s from the
origin O.

350+

I 300-
(m) 250-
200+
150+
1001

504

0+
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t(s)—

m Picks up speed till = 10 s and thereafter moves with uniform speed till = 18 s. Then
the brakes are applied and the car stops at £ = 20 s and x = 296 m. The position-time
graph for this case is as above.
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