Motion in a srraight line is also called rectilinear motion. It involves no changt in direction

so its study is relatively simple. Under this head, we will study motion of object either along

| O 3 ‘Xﬂcls ar along F-axis,

MOTION IN A
STRAIGHT LINE

| TOPIC 1|
General Introduction of Motion

Mechanics is a branch of ph}'sics in which we stud}' the motion of ﬂbjr:{_'ts.
There are three branches of mechanics that examine the motion of an object

such as

Statics It is a branch of mechanics in which we study the objects at rest. In
statics, time factor does not play any role.

Kinematics It describes the motion of objects without looking at the cause of
the motion. Here, time factor plays an important role.

Dynamics It relates the motion ofﬂbjr{_'ts to the forces which cause them. The
time factor also plays an important role.

REST

If the position of an object does not change w.r.t. its surrounding with the
P i} £ £
passage of time, it is said to be ar rest. e.g. Book |}'ing on the rable, a person

sitting on a chair, etc.
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MOTION

If the position of an object is continuously changing w.r.t.
its surrounding, then it is said to be in the state of motion.
Thus, motion can be defined as a changc in position of an
Dhj:ct with time. It is common to :w:r}rthing in the
universe. In our daily life, we see a train moving on rails, the
walking man, the crawling insects, water flowing down a
dam, etc., showing that the object is in motion.

Types of Motion

On the basis of the nature of path followed, motion is
classified as

Rectilinear Motion The motion in which a particle moves
along a .srmight line is called rectilinear motion.

c.g. Morion of a sliding body on an inclined plane.
Circular Motion The motion in which a particle moves in
a circular path is called circular motion.

e.g. A string whirled in a circular loop.

Oscillatory Motion The motion in which a particle moves
to and fro about a given point is known as oscillatory
maotion.

c.g. Simple pendulum

On the basis of the number of coordinates required to
define the motion, motion is classified as
One-dimensional Motion The motion of an object is
considered as 1-D if Dnly one coordinare is needed to
specify the position of the object.

=X 8] +X

Motion in 1-0

In 1-D maotion, the object moves along a straight line,
In this type of motion, there are only two directions
(backward and forward, upmrd and downward) in which
an object moves and these directions are specified by + and
— signs.

c.g. A boy running on a straight road, etc.
Two-dimensional Motion The motion ¥

of an object is considered as 2-D if two x )
coordinates are needed to specify the M

position of the object. In 2-D motion, ¥

Motion in 2-0
c.g. A satellite revolving around the earth, etc.

the Dhjcct moves 1n a pl:-l.nc.

Three-dimensional Motion The motion of an Dhjcct 15

considered as 3-D if all the three coordinares are needed

to specify the position of the object. This type of motion
takes plal:t in three-dimensional space.

c.g. Butterfly flying in garden, the motion of warter
molecules, etc.

Meotion in 3-D

POINT OBJECT

An nhj:ct is considered as point abject if the size of the
DI'.'rjl:El’ is much smaller than the distance it moves in a
reasonable durarion of rime,

c.g.
(i) A train under a journey of several hundred
kilometres can be regarded as a point object.

(ii) Earth can be rcgﬂrdl:d as a point uhjcl:t for stud}ring

its motion around the sun.

The following example helps us to decide abour a point
uhjccr.

EXAMPLE |1] Body as a Point Object

In which of the following examples of motion, can the

body be considered approximately a point object?
[NCERT)]

(i) A railway carriage moving without jerks between two
stations.
(i) A monkey sitting on the top of a man cycling smoothly
on a circular track.
(iii) A spinning cricket ball that turns sharply on hitting
the ground.

Sol. Any object can be considered as a point object if the
distance travelled by it is very large in comparison to its
dimensions.

(i) A railway carriage is moving without jerks between
two stations, it means stations are at large distance,
therefore railway carriage can be taken as a point
object.

(i) Man along with monkey is cycling smoothly which
indicates that the distance travelled by the man is
very large, therefore monkey can be taken as a point
object.

(iii) The distance travelled by the ball is not so large
therefore, spinning cricket ball cannot be taken as a
point object.



SCALAR AND VECTOR
QUANTITIES

Physical quantities are studied under two heads, i.e. scalars
and vectors. Both types of quantities can be defined as

follows

(i) Scalars If clnl:..r the magnitudc 15 rcquirn:cl o spcciF}r a
ph)-'sical quantity, that physical quantity is known as
scalar quantity or scalars.
e.g. Mass, |cngth, time, spccd. etc.

(i) Vectors If magnitudc as well as direction both are
rcquin:d o sp:ciﬁ,r a physicnl quantiry, thar ph}-’sicn|
quantity is known as vector quantity or vectors.

c.g Displaccmcnt, vc|aciry. acceleration, etc.

POSITION, PATH LENGTH
AND DISPLACEMENT

In order to specify position, we need to use a reference
point, a set of axes and a frame of reference.

Position

It is defined as the point where an object is situated.
Position can be determined by the coordinate axis thac is,
marked in units of length and that has positive and
negative direcrions.

=va direction +va direction

B -2 -1 0 1 2 3 xm
Position in +ve and —ve direction

c.g. If an ubjccl is situated at — 1 m, then minus sign
indicartes thar the position has negative direction bur if
the nbjcct is at 0 m position then it will be said to be at

rest.

The position of the object can be specified with reference to
a conveniently chosen origin. For motion in a straight line,
position to the right of the origin is taken as positive and to
the left as negative.

Frame of Reference

We choose a rectangular coordinate system of three
mutua”}r pcrpcndicuhr axes as x, y and z. The point of
intersection of these three axes is called origin (0) and

considered as the reference point.

The x, y, z-coordinates describe the position of the object
w.r.t. the coordinate system. To measure time, we need a
clock. This coordinate system alongwith a clock constitures

a frame of reference.

So, the frame of reference is a coordinate system with a
clock w.r.t. which, an observer can describe the position,
displ.'lccm:nt, acceleration of an ubjl:ct_

Frame of reference are of two types
(i) Inertial frame of reference These are the frame of
reference in which, Newton's first law of motion is
applicable.
(i1) Non-inertial frame of reference These are the frame
of reference in which, Newton's first law of mortion is

not applicab|c.

M Accelerated and Unaccelerated Frames

* Generally, accelerated frames (with respect to earth) are
non-inertial and unaccelerated frames {with respect to earth)
are inertial.

* The frames at rest or in uniform motion are inertial and
frames in non-uniform motion are non-inertial.

* To apply Newton's second law in the non-inertial frames, we
use the concept of pseudo force.

Path Length/Distance
The lcng[h of the p:-lth covered 1‘1}' an ohjcct in a given

time-interval, is known as its path length or distance
travelled. Its SI unit is metre.

e.g. Suppose an ubj:ct MOoves alnng x-axis to a distance of
100 m from the origin (J in time (). Then, the path |cngth
15 100 m.

MNow, if the ubjccl returns to the origin in time (+"), then the
p:-lth |cngtl'1 15 100+ 100 =200 m.
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iy} A
i Al
:1III
8] A A— B

Path length of object

EXAMPLE |2| Total Path Length of a Scooter

A scooter is moving along a straight line AB covers a
distance of 360 m in 24 s and returns back from B to € and
coveres 240 m in 18 s. Find the total path length travelled
by the scooter.

Sol. From the above question, we draw the following figure.

240m
.
A —O—IC B
+— 360 m—+

Total path length = AB + BC = 360 + 240 =600 m



Displacement

The change in position of an object in a particular
direction is termed as displacement, i.c. the difference
between the final and initial positions of the object. Itis
denoted by Ax. Mathematically, it is represented by

[ Displacement, Ax = x, = x, ]

where, x| and X, are the initial and final position of the
nhj:ct, n:sp:ctivdy.

Cases
(i) If x, > x,, then Ax is positive.

(i1) If x|, > x,, then Ax is negative.

(i) If Xy = Xg, then Ax is zero.
i.e. the displacement of an ohjecl in motion can be
positive, negative or zero.
Displacement is a vector quantity as it possesses both,
the magnitude and direction.

Note

* The magnitude of displacemant may or may not be equal to
the path length traversed by an object.

* The magnitude of the displacement for a course of motion
may be zero but the comesponding path length will never be
ZEf0.

Differences between Distance and Displacement

S.No. Distance Displacement
1. Length of the path is Magnitude of
distance. displacement is the length
of the shortest possible
path between initial and
final positions.
2. Itis a scalar quantity. It is a vector quantity.

The distance covered
by an object for some
time interval cannot be
ZEro.

4. The distance travelled
by an object is always
positive.

The displacement of an
object can be zero.

The displacement of an
object can be positive,
negative and zero

EXAMPLE |3| Motion of a Boy

A boy starts moving from —20 m towards + x-axis as
shown in figure. He turns at time instant ¢, and
starts moving towards — x-axis. At time t,, he
reached at —50 m as shown in the figure.

Find the displacement and distance for the time
interval (i) ¢, to t, and (ii) ¢, tot,.

- I
*‘;ﬁfa ty ﬁ §z_
50 —40 =30 =20 10 0 +10 +20 +30 +40 +50

- —

— K
fi; For distance, we observe the actual path length and for
¥ displacement we observe the change in position.

Sel (i) Fort, tot,,
Distance covered = 20+ 40 = 60 m
Displacement = 40 —{—20)
= +60 m (towards + x-axis)
(ii) For t, to ty,
Distance covered = 60+90 =150 m
Displacement = —50—(-20)
= —30 m (towards — x-axis)

UNIFORM MOTION IN
A STRAIGHT LINE

A bndy is said to be in a uniform moton if it travels cqual
distance in cqual intervals of tme a|c|-ng a straight line.

c.g. A vehicle running with the constant speed of 10 m/s will
cover equal distances of 10 m in every second, so its morion will
be uniform.

Mote

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

the object.
Non-uniform Motion

A b-nd}-r is in non-uniform motion if it travels cqu:;l
displac:m:nt in un:qua| intervals of time.

During the non-uniform motion, the speed of the body or its
direction of motion or both change with time.

e.g The v:lacity of the vehicle is different ar different instants,
so it has non-uniform motion.

SPEED AND VELOCITY

Speed

The distance covered by an object divided by the time taken
hy the ohjcct to cover that distance is called the speel:l of that
uhjtct_

Distance travelled

Speed =

Time taken




Sp:cd is a scalar quantiry. The spc:d of the ahiocl: for a
given interval of time is ::]mys positive,

Unit of speed The unit of speed in MKS (S1) is m/s and in
CGS as cm/s.

Dimensional formula [M°LT™'].

Uniform Speed
If an object is moving with a uniform speed, it means that it
covers cqual distance in :qua] interval of time.

Variable or Non-Uniform Speed

If an object is moving with a non-uniform speed, it means
thar it covers tqual distances in uncqua] intervals of dme.

Velocity
The rate of chang: of position of an uhjtct with time is
called the velocity of that object.
. i Displacement
Le. Velocity = ———
Time
Velocity is a vector quantity.
Unit nfve]m:ity The unir of vclucity is cms ™" in CGS and

ms ™" in MKS or SL

Dimensional formula The dimensional formula of velocity

is [MOLT ).

Uniform Velocity

An object could have uniform velocity if it covers equal
displacement in equal interval of time. If an object have
cqual displacement in equal interval of time, it means thar it
is moving with uniform velocity.

Non-uniform Velocity
If an object is moving with a nen-uniform velocity, then it

will have unequal displacements in equal interval of time.
Mote The velocity of an object can be positive, zero and negative
according to its displacement is positive, zero and negalive.

Average Speed and Average Velocity

Average Speed
Average spl:cd of an abjncr is defined as the roral distance
travelled |Jy the ahjcct divided by the total time raken.

Total distance travelled

Average speed, v, =
Total time taken

Average Velocity
Average velocity of a body is defined as the change in

position or displacement (Ax) divided by the fime interval

(A#) in which that displacement occur.

<. Average vclucity of the hud}«' is given h:,r

Ax
v
v Average Velocity vs Average Speed

* For average speed, find net distance covered and divide it by
time taken.

* Average velocity 1s net displacement divided by time taken.

+ 5o, just find out the net displacement and divide it by time
taken for that displacement.

* Average velocity could be zero or positive or negative but
average speed is always positive for a moving body.

Instantaneous Speed and
Instantaneous Velocity

Instantaneous Speed

Spccd ar an instant is defined as the limir of the average
spccd as the time interval (Ar) becomes inﬁnitcsimally small
or approaches to zero.

Mathemarically, instantaneous speed at any instant of time
(#) is expressed as

IIIS['H.H['.'II'ICDLI.S.SPCEEI., = ]IE‘::.m_) 0 ;Dr & =

[ds is the distance covered in time 4]

ds
where, F is the differential coefficient of s w.r.r. £
t

EXAMPLE |4| Instantaneous Speed of the Particle
If the average speed of the particle is[2t® i + 3t j], then
find out the instantaneous speed of the particle.
Sol. Given, position of the particle, s = [ZIIi‘ - 3I'i]
ds d % n
5 = I = Elzle + 3!']

Instantaneous speed of the particle is 5, = ati + 3}

Instantaneous Velocity

V:lﬂciry at an instant is defined as the limit of average
velocity as the tme interval (Af) becomes infinitesimally
small or approaches to zero.

Mathemarically, instantancous velocity at instant of time (#)
is given by

dx

dt

v;=lim — orp;, =
Ar—0 Af

where, dx is di.sp|accmcnt for dme dr.



Ax .

Note Lim < is called differential coefficient of displacement

At —0

xw.rt timet. ie. E
o

The wvalue of instantancous vc|ucity can be calculated
graphica“)«' also as given below.

Suppose an object is moving along a straight line with
variable vclocil}r. Let the position-time gmph of this motion
15 n:prc.scnrcd h}r a curve as shown in the Flgurc,

m

Position (m)

i 2

9 10
Time (s)

o o
L L
o o

o

N

Graphical interpretation of instantaneous velocity

From the graph, the average velocity of the object over the
time interval Ar=4s, (i.e. from 4s to 8s) is the slope of
strnight line AB. If we decrease the interval of time At from
4s to 3s, then the line becomes AC. Similarly, ar time
interval Az is 2s and the line becomes AD. As A approaches
to zero, the point B approaches point A.

Thus, the line AB becomes the tangent of EF to the curve at
D. Hence, the slope of the tangent with time axis gives the
value of instantancous velocity. Generally, we use
numerical method to find the value of instantaneous
velocity as the limiting process becomes clear.

Note The magnitude of instantaneous velocity is always equal to the
instantaneous speed for a particular instant.

EXAMPLE | 5| Instantaneous velocity of a particle
The displacement (in m) of a particle moving along
x-axis is given by x = 18t + 15¢°. Find the instantaneous
velocity at t =0and t = 2s.

Sol Given, Displacement,

x =18t +15t
Instantaneous velocity,
v, = —=18+30t
dt

Instantaneous velocity at

t=0 v=18+30x0=18m/s
t=2%v=18+30x2=T8m/s

EXAMPLE |6| Instantaneous velocity by graphical
method

Find the instantaneous velocity att = 3.5 s from the graph
given helow.

=25}

]
=100

x{m)

=125
=150
=175

Sol. Atr=135,

We know that instantaneous velocity of a particle
. Ax

v= lim —

Ar— o A
In the words to calculate instantaneous velocity, we have
to reduce At to approximately zero (ie. infinitesimal
small) and find the corresponding value of Ax/Ar.
Following table will illustrate the process.

At t3 X)) xls) A An/Af
2 45 25 -103 -34 69 345
1 4 3 86 56 30 30.0
5 375 325 113 60 59 2955
1 355 345 78 64 14 29,52
01 3505 3495 81 69 12 29,51

So, the value af% tends to come close to the value of
I

29.5 when we reduce At to very small around 3.5.
Therefore, instantaneous value of velocity at 3.5 will be
29.5 m/s. The value of x(t, ) and x(,) have been obtained
from the given graph.

TOPIC PRACTICE 1 |

OBJECTIVE Type Questions

1. Which of the following statements is true for a
car moving on the road?

(a) With respect to the frame of reference attached to
the ground, the car is at rest

(b) With respect to the frame of reference attached to
the person sitting in the car, the car is at rest

(c) With respect to the frame of reference attached to
the person outside the car, the car is at rest

{d) None of the above

Sol. (b) For a car in motion, if we describe this event wrt a
frame of reference attached to the person sitting inside
the car, the car will appear to be at rest as the person
inside the car (observer) is also moving with same
velocity and in the same direction as car.



2. The coordinates of object with respect to a frame
of reference att =0 are (-1,0, 3). If t = 55, its
coordinates are (-1, 0, 4), then the object is in
(a) motion along z-axis
(c) motion along y-axis
(d) rest position between t =0sand¢=5s

Sol (a) Given, at t=0s, position of an object is(—1,0,3) and at
t=5s, its coordinate is (—1,0,4). So, there is no change in
x and y-coordinates, while z-coordinate changes from
3 to 4. So.the object is in motion along z-axis.

VERY SHORT ANSWER Type Questions

3. What is the condition for an object to be
considered as a point object?

(b) motion along x-axis

Sol  An object can be considered as a point object, if the
distance travelled by it is very large than its size.

4. Can a tumbling beaker that has slipped off the
edge of a table considered as a point object?
[NCERT]

Sol Mo, because the size of the beaker is not negligible as
compared to the height of the table.

5. Does the displacement of an object depend on
the choice of the position of origin of the
coordinate system?

Sol No, the displacement of the object does not depend on
the choice of the position of the origin.

6. For which condition, the distance and the
magnitude of displacement of an object have
the same values?

Sol The distance and the magnitude of displacement of an
object have the same values, when the body is moving
along a straight line path in a fixed direction.

7. Which speed is measured by speedometer of
your scooter?

Sol Instantaneous speed of the scooter is measured by the
speedometer.

8. The position coordinate of a moving particle is
given by x =6+ 18t + 9% where x is in metres
and t in seconds. What is the velocity att =257
=30 We know that, velocity is rate of change of

displacement i.e. v=—
dt

Sol Given, x =6+ 18t + 9t”

v, =% 18418
di
At =2,
v, =18 +18 % 2

= 54 m/s

9. For which condition, the average velocity will
be equal to the instantaneous velocity?

Sol. When a body moves with a uniform velocity, then

VYo = Ving

SHORT ANSWER Type Questions

10. From the given example, find if the motion is
one or two or three-dimensional.
(i) A kite flying in the sky
(ii) A cricket ball hit by a player
(iii) Moon revolving around the earth and
(iv) The motion of a stone in a circle
Sol (i) A flying kite in the sky comes under
three-dimensional motion.
(ii) A cricket ball hit by a player comes under
two-dimensional motion.
(iti) Moon revolving around the sun-earth comes under
two-dimensional motion.
(iv) The motion of the stone in circular motion comes
under two-dimensional motion.
11. For what condition, an object could be
considered as a point object? Describe in brief.
Sol. An object could be considered as a point object if it
covers a distance much larger than its own size.
e.g. If a bus of 5 m in size move 100 km, then the bus can
be considered as a point object.

12. Adrunkard walking in a narrow lane takes 5
steps forward and 3 steps backward, followed
again 5 steps forward and 3 steps backward,
and so on. Each step is 1 m long and requires 1s.
Determine how long the drunkard takes to fall
in a pit 13 m away from the start. [NCERT]

Sol. The effective distance travelled by drunkard in 8 steps
=5-3=Im
Therefore, he takes 32 steps to move & m.

Now, he will have to cover 5 m more to reach the pit, for
which he has to take only 5 forward steps.

Therefore, he will have to take = 32 + 5 = 37 steps to
move 13 m. Thus, he will fall into the pit after taking 37
steps i.e. after 37 s from the start.

13. For the motion shown in the figure, find the
displacement of car between the time
intervals, and r,.

— ! f3
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Sol

14.

Sol

15.

Sol

16.

Sol

A car moving towards +x-axis. At time t, it is at +20 m.
It turns at +50 m and starts moving towards —x-axis. At

time t, it reached at —30 m.

The displacement of car in the interval (t, —t, )= At is
—=30—{+20) = =50 m (negative sign shows the direction

of displacement is towards — x-axis).

The position x of a body is given by
x = Asin (wf). Find the time at which the
displacement is maximum.
The value of position x will be maximum, when the
value of sin (wt) is maximum, for this
sin (wt) =1 = sin w2

or ot = = = I= [l)

2 1]
If the displacement of a body is zero, is distance
necessarily zero? Answer with one example.
No, because the distance covered by an object is the path
length of the path covered by the object. The displacement
of an object is given by the change in position between the
initial position and final position.
e.g. A boy starts from his home and moves towards
market along a straight path. Then, he returns to home

from the same path. Here, displacement is zero but
distance is non-zero.

The position of an object is given by x = 2%+ 3¢
Find out that its motion is uniform and
non-uniform.

As given, x=2t"+3¢

By differentiating x w.r.t. f, we get
de d
Velocity, v=—=—(2" +3t)
&4 dt  dt
v =4t +3)

As velocity is time dependent, it means that motion is
non-uniform.

17. The data regarding the motion of two different
objects Pand Q are given in the following table.
Examine them carefully and state whether the
motion of the objects is uniform or
non-uniform.

Time Distanpn trmllnd by Dlsla-[cn uaulnllad by
object P (in m) object @ (in m)
9:30 am 10 12
9:45 am 20 19
10:00 am 30 23
10:15 am 40 35
10:30 am 50 ar
10.45 am 60 41
11:00 am 70 44

21

Sol.

Sol. We can see that the object P covers a distance of 10 m in
every 15 min. In other words, it covers equal distance in
equal intervals of time. So, the motion of object Fis
uniform. On the other hand, the object Q covers 7 m from
9:30 am to 9:45 am, 4 m from 9:45 am to 10:00 am and so
on. In other words, it covers unequal distances in equal
intervals of time. So, the motion of object (Qis
non-uniform.

18. Is earth inertial or non-inertial frame of reference?

Sol. Since, earth revolves around the sun and also spins about
its own axis, so it is an accelerated frame of reference.
Hence, earth is a non-inertial frame of reference.
However, if we do not take large scale motion such as
wind and ocean currents into consideration, we can say
that approximation the earth is an inertial frame.

19. Abody is moving in a straight line along x-axis.
Its distance from the origin is given by the
equation x = at? - i:r“, where xis in metre and
is in second. Find its instantaneous speed at
[=2s.

Sol The given equation x = ar® — bt*

Instantaneous speed v = ;E = di {-:;lt2 - bfs}= 2at —3bt"
t s

Att=2s . v=4a—12b m/s

20. The position of an object moving along x-axis is
givenbyx=a+ brz, wherea=85m,b=2.5m
and t is measured in seconds. What is its
velocity atr=0sandi=20s7 [NCERT]

Sol. Wekncwthat.v=d—r

dt
On differentiating w.r.t. t, we get

v=%[a+bi‘2}=2br=5fmfs [bh=25m)]

At t=0,v=0 t=25and v=10m/s

LONG ANSWER Type I Question

No distinction is necessary when we consider
instantaneous speed and magnitude of velocity.
The instantaneous speed is always equal to the
magnitude of instantaneous velocity. Why?
Instantaneous speed (v, _) of the particle at an instant is

the first derivative of the distance with respect to time

at that instant of time iLe. v, = ﬂ

dt
Since, in instantaneous speed, we take only a small
interval of time (df) during which direction of motion of
a body is not supposed to change, hence there is no
difference between total path length and magnitude of
displacement for small interval of time dr.

Hence, instantaneous speed is always equal to
magnitude of instantaneous velocity.



Lo 58 YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Question

1. The displacement of a car is given as — 240 m. Here,
negative sign indicates
(a) direction of displacement
(b) negative path length
(c) position of car is at point whose coordinate is —120
(d) no significance of negative sign

Answer
1. @
SHORT ANSWER Type Question

2. A particle moves from one position to another
position to the left of the origin in a straight line.

| TOPIC 2|

Uniformly Accelerated Motion

ACCELERATION

The existence of acceleration was given by Galileo in his
different thoughts. Acceleration of a body can be expressed
as the rate of change of velocity with time. By acceleration,
we can understand that how fast or slow the velocity of an
object is changing. Acceleration is a vector quantity.

Change in velocity ]

Acceleration = -
Time taken

Its SI unit is metre per second square (m/s?) and CGS is
cm/s®. The dimensional formula is [M°L" T %),

Note

+ Acceleration therefore, may result from a change in speed
(magnitude), a change in direction or changes in both.

* If the signs of velocity and acceleration is same (both positive or
both negative), the body will accelerate and when the signs of
velocity and acceleration are opposite, it means that the body is
retarding.

EXAMPLE |1| Retarding Bus
Starting from a stationary position, a bus attains a
velocity of 6 m/s in 30 s. Then, the driver of the bus

Can the displacement of a particle be positive?
Explain.

LONG ANSWER Type I Questions

3. What do you understand by non-uniform motion?
Explain instantaneous velocity of an object in
one-dimensional motion.

4. The displacement x of a particle moving in one
dimension is related to time t by the relation

Xi= Jth —3t, where x is in metre and ¢ in second.
Find the displacement of the particle when its

velocity is zero. 9
Ans. = m

applies a brake such that the velocity of the bus comes
down to 4 m/sin the next 5 s. Calculate the acceleration of
the bus in both the cases.
Sol.Case I Initial velocity of the bus, u =0
Final velocity, v = 6 m/s; Time taken, t =30 s
Change in velocity
Time taken
_ Final velocity — Initial velocity _v-u_6-0

Time taken t 30
=02m/s*

Case Il Initial velocity, u =6 m/s
Final velocity, v=4m/s
Acceleration = —= = a=h =—04 m/fs’
t
Thus, the acceleration in both the cases are 0.2 m/s*

and —04 m/s?®

~. Acceleration =

Average Acceleration

The average acceleration over a time interval is defined as

the change in velocity divided by the time interval.

Suppose that at any time (¢,) a body has velocity (v,). Ata
later time (¢,), it has velocity (v,). Thus,



Change in velocity, Av=v, =v,

Time during which velocity has changed, Ar=r¢, =1,

‘Velocity 4 R
v b $

Aw

. I

I Iy Time
Velocity-time graph to calculace average acceleration

i
a, = .5|upc of srr:lighr line PR = P—Q

) Av vy-—v,
Average acceleration, a,, =—=———
Ar 1, -1

The .slupc of w:lncir}r-timc graph gives acceleradon.

Instantaneous Acceleration

It is defined as the acceleradion of a bady at a certaln instant
or the limiting value of average acceleration when time
interval becomes very small or tends to zero.

Av  dv
Ar—s0 Ap Ar

So, {[nstamanmus acceleration, a, , = lim —=—

where % is the differenrial coefficient of v w.r.t. .

v Elementary Concept of Integration for Describing Motion
We know that, v = E,a =£m vﬂ
df dt ds
If the displacement is given and we have to find the velocity and
acceleration, then we use differentiation. If the acceleration is
given and we have to find the velocity and displacement, then
we use integration. To find the average value of square of velocity

Iz fz
j viat J".r"di‘
v = "2 = v'= 'Ifz
J'dt _[dr
fy f
If velocity is a function of displacement, v = f{x), for average of v
fromx=ux tox=x, 3
j v dt
=1 V= o
=
J'n't
|

The above procedure can be applied to find the average value
of any quantity like velocity, acceleration, force, etc.

EXAMPLE |2| Calculation of Average Acceleration
From the figure given, find the average acceleration
between points A and B.

20 B
1

5]

Velocity (mis)—
=
A

Average acceleration, a,, = slope of line AB= %

BE=Av= v, — v, =20-10 =10 m/s

AE =At=t,—t =8-4=4s

a, = ] = 25 m/s’

4
EXAMPLE |3]| Calculation of instantaneous
acceleration

The velocity of a particle is given by v = 2t* =3t +10
m,'s. Find the instantaneous acceleration att =5s.

Sol Given, v=2"—-3t+10m/s
a;, =£=4i‘—3m}92
dt

If t=5 a, =5x4-3=17 m/s*

EXAMPLE |4| Average and Instantaneous Acceleration
A particle is moving in a straight line. Its displacement at
any instant t is given by x =10 ¢ +15t%, where x is in
metres and t is in seconds. Find

(i) the average acceleration in the interval t =0 to t =25

(ii) instantaneous acceleration att =2 s.
Sol. Given equation, x =10t +15¢*

and the variables are (i) t =0tot =25 (ii) t =25

Velocity of particle, v = ;’ﬁ
t

d
v =d—[10r +15¢%) =10 + 45¢°
t



Att =0, v, =10+ 450) =10 m/s,
Att=2s,v, =10 +45x(2)°
=10+ 130=190 m/s
Av=v,—v, =190-10= 180 m/s
At=2-0=25s

d
a=—(10 +45¢%)= 90t
dt

Att=2 s,a=9x 2=180m/s"
The instantaneous acceleration of a particle at 2s is 180 m/s”.

Uniform Acceleration

If an object is moving with uniform acceleration, it means

that the clungc in v.rc|m:ir)-' 1% :qu:-ll for cqua] intervals of time.

Non-uniform Acceleration

If an object has vanable or non-uniform acceleration, it
means that the change in velocity is unequal in equal
intervals of time.

EXAMPLE |5| Uniform Acceleration
The displacement x of a particle varies with time ¢t as
x = 4t° —15¢ +25,

(i) Find the position, velocity and acceleration of the

particle att = 0.

(ii) Can we call the motion of the particle as one with
uniform acceleration?

Sol. (i) Given position, x = 4t* =15t + 25

Velocity,v = L 1(4:" —15t + 25) =8t —15
dt dt

Acceleration, a = d_v = i(&: -15)=8
dt dt
At time t =0, we have
x=41*-15t+25

=4(0)—15(0)+ 25=25m
v =8t—15=80)-15
=-15m/s and a =8m/s’

(i) Yes, the particle has a uniform acceleration because it
does not depend on time t.

POSITION-TIME GRAPHS FOR
POSITIVE, NEGATIVE AND ZERO
ACCELERATION

(i) Positive Acceleration When distance covered by a
moving object goes on increasing with time, the
object is said to have positive acceleration.

L/

Time {f) —

Distance (x) —

(i1) MNegative Acceleration When distance covered h:,r a
moving uhjcct goes on dccr:asing with time, the
ubjci:r is said to have negative acceleration.

-~

Tirme (f) —

Distance (x} —

(iii) Zero Acceleration When the moving abjcct COVETS
equal distance in equal time, the object is said o
have zero acceleration.

Distance (x) —

0 Tima (f) —

VELOCITY-TIME GRAPHS FOR
AN ACCELERATED MOTION

(i) Zero Acceleration In case of zero acceleration, the
velocity of the object does not change with time.

g

The area under v-f graph gives displacement.

(i) Positive Acceleration

(a) If the object is moving
with positive acceleration

I
having zero initial velocity, =
then the velocity-time 2z
graph is a straight line §8
starting from origin.
. 0 Time (f)
In case of positive

acceleration, the velocity of the object goes on
increasing with time.



(b) If the object is moving

with positive | Q
acceleration having =

some initial velocity, ztp

then the velocity- time _§

graph is a straight line =

starting from P. o} Time(t)

(iii) Increasing Acceleration In case of increasing
acceleration, the velocity of the object goes on
increasing exponentially (non-lincarly). If the object
is moving with increasing acceleration having zero
initial velocity. The slope of v-r graph gives the

instantaneous acceleration.

o Velocity (V) —

Time (f)

(iv) Negative Acceleration
(a) In case of negative acceleration, the velocity of
the object decreases linearly with time.
If the object is moving with negative acceleration,
have some positive initial velocity, then the
velocity-time graph is a straight line having
negative slope.

—

0 Time (f)

(b) If the clbjl:l:r is moving with negative acceleration
have some negarive inirial vc|ocitjr, then the

velm:ity-l.imz g;raph is a straig])t line starting

from Pas point of negative velocit}r.
!
¢ Time
P
Q

(c) If the object is moving with negative acceleration
have some positive initial velocity, the direction
of its motion can change at time (¢). The slope of
velocity—timz graph will remain constant for
uniform acceleration.

Time

EXAMPLE |6| Analysis of Velocity-Time Graph

(o L = F 5

With the help of above velocity-time graph, find the
(i) displacement in first three seconds and
(ii) acceleration for the above graph.

‘r- Area under the v-t graph gives the measurement of
¥ displacement. Thus, displacement = Area under v-t
graph.
Sol. (i) Displacement in first three seconds = Area of AOAB

" %(OB)X(OA)= 12(3)x(+30).—. +45m

(ii) Acceleration = Slope of v-t graph
As, v-t graph is a straight line. So, consider the slope
of line AB.

Slope of line AB= 22" = =30 o 1oms?

So, the acceleration is negative.

EXAMPLE |7| Uniform and Non-uniform
Accelerated Motion of a Particle
The velocity-time graph of a particle in one-dimensional
motion is shown in figure. Which of the following
formulae are correct for describing the motion of the
particle over the time interval t, tot,?

W

o ty ¢

(1) x(tz) = x(t,) + wit, )t - t,) + %ﬂ{tz _ti:lz

(i) w(t) = vit,) + alt, —t,)



[ x(t,) - x(t,) | [vit,) - vit,)]

'.l'“_ = | —————— -
At vy (t,— 1)
(v) x(ts) = x(t,) + Voot — ) + %ﬂn[fe —t,)

(vi) x(t;) — x(t,) = Area under v-t curve bounded by the
t-axis and the dotted line shown. [NCERT)]

Sol. The slope of the given graph over the time interval t, to

(iv) a,,

t, is not constant and is not uniform. [t means
acceleration is not constant or uniform, therefore
relations (i), {ii) and (v} are not correct which is uniform
accelerated motion, but relations (i), {iv) and (vi) are
correct, because these relations are true for both
uniform or non-uniform accelerated motion.

KINEMATIC EQUATIONS FOR
UNIFORMLY ACCELERATED
MOTION

If the chang: n w:lu-ciry of an ohj:cr in each unir of time is
constant, then abjl:ct is said to be moving with constant
acceleration and such a motion is called unifonnl}r
accelerated motion.

If an clhjcct moves along a srraighr line with a constant
acceleration a. Let u be the initial vc|a::iry att=0and v be
the final velocity of the object after tme (¢).

(i) Velocity-Time Relation

The slope of velocity-time graph gives the acceleration of
the object.

v ¥
| v-u)
T%P R ¥
-
| S
o T Time s
a = Slope of PQ
R -
£=Q_=y ]
PR t
-1
= a=
t
= v—u=at

[Vclacit}r-Timc relation, v =u + ar ]

(ii} Position-Time Relation
The area under the wlncir_v-timc gmph gives the

displaccmcnt.

Disphccmcnr of an objn:ct in time interval r is given b].r

x = Area of A PQR + Area of rectangle OPRT
1
=5QR><PR+GP><PR
ll[ Yt + i
=—(v—u i
2
1
=E[d.r]r+m [ v=—u=at]
L
==t +ut
2

1 2
= x=5d: + ut

» . . |
Positon-time relation x = ur + Ea.r

(iii) Position-Velocity Relation
Again the displm:cmcm in rime interval (¢) is given h}'

x = area of trapezium OPQT.
1
= 5 (OF+QT) =0T

1
x==—(u+vIxXt LA
2
From v=1=at
P ..(id)
d
On substituting the value of #in Eq. (i), we get
1 —_
x=—(u+ z:])({y “)
i
= vl =0’ =2ax
= [Position-vclocir}r relarion, vi=u’ +2ﬂx]

Displacement of the Particle
in nth Second

Ler an nbj:ct is moving with initial vc|uc'1rjr 1 under
constant acceleration a.

To find the displacement in nth second, we subtract the
position of particle at (7 = 1)th second from the position of
the particle at nth second.

DISPI.ECEITICHt mn .i'H'I'I SCCDIIEI. =5, T8

B 1 z]_ LI,
s(}:th]—[un+2a(n }J [u(ﬂ ]]+2.ﬁ{n 1}]

1
=m1+—.:ml—un+u—5.d'{n—l}2

=:.|!+§[;-1'2 - (= l}'}]



=u+§{n2 —n?=1+2n)

[Disphccm:nt in the nth second, s{inth) =1+ ;{Zn - ]ﬂ

Above expression shows disphc:m:nt in the nth second.
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Steps to Solve Problems Based on
Accelerated Motion

The following steps are recommended for solving problem
involving accelerated motion.

Step | Make sure all the units in the problem are consistent.
That s, if distances are measured in meters, be sure
that velocities have units of meters per second and
accelerations have units of meters per second square.

Stepll Make a list of all the quantities given in the problem and
a separate list of those to be determined.

Step M Think about what is going on physically in the problem
and then select from the list of kinematic equations the
one or ones that will enable you to determine the
unknowns.

EXAMPLE |8| Mixture of Acceleration
and Retardation
A motor car starts from rest and accelerates uniformly
for 10s to a velocity of 20 m/s. After that car runs at a
constant speed and is finally brought to rest in 40m
with a constant aceleration. Total distance covered is
640 m. Find the value of acceleration, retardation and
total time taken.
Sol Let x,, x, and x, be distances covered in three parts of
the motion.
For first part of the motion, we have
u=0t=10s v=20m/fs
As v=u+at
20=0+ax10

Acceleration, a=2m/s®

1
Distance, x, =ut +—at’
2

1
=u>-<m+E>-<2><|{1m2 =100 m

For second part of the motion, we have
X, =100m xy =40m

As X, +x, +xy =040
100+ x, +40 = 640
or x, = 500m

This distance is covered with a uniform speed of 20 m/s.

- Time taken = % =253

For third part of the motion, we have
u=20ms, v=0,x=x, =40m

As v —u® = 2ax
(D) —(20)* = 2x ax 40

400 .
or a=s——=-5m/s’
B0
. Retardation = 5m /s*
- 0-—20
Tilmtaken..r=u=—=4s
a =5

Total time taken =10+ 25+4 =393

EXAMPLE |9| Equations of Motion by
Calculus Method
Obtain equation of motion for constant acceleration
using method of calculus. [NCERT)
Sol. From the definition of average acceleration,

£=£ = dv=adt
dr

Integrating both sides and taking the limit for velocity u
to v and for time 0 to t.

j:d\i =jl:.u: dt = aj';di' = .::[t]:]

v—u=al

[ @ is constant)

v=u+tat

Now, from the definition of velocity, v = Z—x = dx = vdt
t

Integrating both sides and taking the limit for

displacement x,; to x and for time 0 to .
P

:.rix =j.:"'df = L:{u +at)dt = v,[t]} +a[f?]

il

1 3
x—x, =ut +—at
2

1
X = xy +ut +?:.r2

Now, we can write

or vdv=adr
Integrating both sides and taking the limit for velocity u
to vand for displacement x, to x.
qu dv =I " adx
u Xy

\'2 —J!.!2

=aix—x;)

vi=ut+ 2a(x — x,)
This method is also be used for motion with non-uniform
acceleration.

Non-uniformly Accelerated Motion

When acceleration qu:-l.rril:l: is not constant or acceleration
is a funcrion of time, then following relations hold for
one-dimensional motion.



(1) v=— {ii]a=£=u£

At At dx

(iil) ds = vt and (iv) dv = a dt or vdy = adx
EXAMPLE |10| Non-uniformaly Accelerated
Motion

Two particles move along x-axis. The position of particle
1 is given by x = 6.00¢% + 3.00t + 2.00 (in metre and in
seconds); acceleration of particle 2 is given by
a=-800t (inm/s’ and seconds) and at t =0, its
velocity is 20 m/s. When the velocities of the particles
match, find their velocities.

Sol List all informations about particle 1 and particle 2.

For particle 1,

x, =6.001% + 3.00 t + 200
For particle 2,

a, =—800t,

vo=20m/fsatt=0s
dx
We know that, v ml:I

vit)=12t+3+0
vit)=12r+3

For particle 2,
We know that, jumd; =v(t)
-5t
= v{r}:j—a.mdr=—3jrdr = +C

vit)=—4t" +C
Ifvit)= 20 mfs and t = 0s, then
20m fs=—4(0)* + C

= W=0+C = C=20
S0 vy (H)=—4t* +20

]

Since, the particles’ velocities have to match, you have to
set the two equations equal to each other

v, (th=v, (1)
12t +3=—41t"+20
4t* +12t-17=0

Since, you could not factor out, you probably know to
use the quadratic formula

—bAb —dac _ -12+.J(12)" —4(4)(-17)
2a - 2(4)
_—12+.flaa + 272

8
t= —12:t~f-m= —-12+ 203
& E]
t=—4Ddsort=1045
As, time cannot be negative, =104 s.

Find the velocities of different particles.
vit,)=12(104) + 3= 1548 m/s
vity)=—4(104) + 20= 1567 m/s

EQUATIONS OF MOTION FOR
THE MOTION OF AN OBJECT
UNDER GRAVITY

When an object is thrown upwards or fall towards the
carth, then its motion is called motion under gravity
because in these conditions {upward or downward), the
acceleration of the body is equal to the acceleration due to
gravicy.
In case of motion under graviry, the equarions of motion
are given below

v=u+(tg)t ..(1)

h:m+%{ig}f ...(i)

v =u’+20g) b ...(i)

In case of upward motion, acceleration due to gravity (g) is
taken as positive and for downward moton, gis taken as

negative,

N7 Feeling Weightlessness

There is a misconception that in free fall, no force acted on us
since we are not able to feel our weight. Actually we feel our
weight due to the reaction we get from earth. As in free fall, we
are not pushing anything, so we are not getting any reaction
(Mewton's third law) and feeling weightlessness.

EXAMPLE |11] Free Fall

Discuss the motion of an object under free fall. Neglect air

Tesistance.
Sol. An object released near the surface of the earth is

[NCERT]

accelerated downward under the influence of the force
of gravity. The magnitude of acceleration due to gravity
is represented by g. If air resistance is neglected, the
object is said to be in free fall. If the height through
which the object falls is small as compared to the earth's
radius, g can be taken constant, equal to 9.8 ms™.
Free fall is thus a case of motion with uniform
acceleration.

We assume that the motion is in y-direction, more
correctly in(— y) direction because we choose upward
direction as positive. Since, the acceleration due to
gravity is always downward, it is in the negative direction
and we have

a=—g=-—98m s~

The object is released from rest at y = 0. Therefore,u =0
and the equations of motion become



v=0-gt=—98tms"

h=0-1/2gt"= —49t"m
v' =0-2gh=—196hm’ ™
These equations give the velocity and the distance

a=-10m/s" t=t,
x =7 (say)
Using theorem, v* =u® + 2ax

v —u' _ o—(20)

= = =20
travelled as a function of time and also the variation of * 2a 2 % (—10) m
velocity with distance. BT -
The variation of acceleration, velocity and distance with
time have been plotted in e =2xg)
Fig. b) and (c). A
ig. (a). (b) and (c). x 8 ==10m/s?
12 s I
5 25m
BT S
- 9.8 m/s? : D..........m T
[n.:rsil (ii) As shown in figure, we have upward motion A to Bin

time (t, ) and downward motion (B to €) in time (t,).

[a]l Variation of acceleration with time Velocity at B is zero

1 2 3 4 5 ts) v=u—pgt
gt 0=20-10H = t, =25
=10 “u_ From the top, the ball falls freely under acceleration
=20 N due to gravity.
=30 “.‘ 1 .
-0 " X =x, tut+=gt;
-0 . .
o x=0 x,=45mu=0and g=10m/s
{m's)

1
0=45+0+—(-10)t} =45-5¢,°
(b} Variation of velocicy with time 2

2
t,y" =9=t,=3s

1231181

0= L : . Total time taken by the ball to hit the ground
i S t=t +t,=2+3=5s
-201
_ap ™, Method 1T
—404 ““ In this method we shall consider net displacement
504 Ay = Final position — Initial position = 25m.
=60+ s\ Using the formula x =ut+ lg’i‘z
=704 v 2
-80 1 : 2
= —25= 420t ——pgt” = +20f — 51
-804 28
¥ 2 _44—5=
{m) = " —4t-5=0

(t=5)t+1)=0=t=5s

Galileo’s Law of Odd Numbers

[c) Variation of distance with timea
Mote Here, magnitude of displacement and distance is equal.

EXAMPLE |12| Motion of a Ball under Gravity Galileo was the first to make quantitative studies of free fall.
A ball is thrown vertically upwards with a velocity of  This law states that the distances traversed by a freely falling
20 m/s from the top of a multi storey building. The height  body during equal intervals of time stand to one another in
of the point from where the ball is thrown 25 m from the  the same ratio as the odd numbers beginning with unity,
ground. ie 1:3:5:7.

(i) How high will the ball rise?

(ii) How long will it be before the ball hits the ground? EXAMPFLE |13] Prove Gatiles's Law of 0dd Mumbers

Take, g =10 m /5 Sol Let us divide the time interval of motion of an object

g / [NCERT] under free fall into many equal intervals T and find out

Sol. (i) Consider vertical upward motion of ball upto highest the distances traversed during successive intervals of
point, we have

1
time. Si =0, then y=—=gt*
u=20m/s, v=10, ie. Sincew =1 then ¥ 2;



To caleulate the position of the object after different
time intervals 0, T, 21, 31, ... which are given in the
second column of the table shown below.

Distance .
. yinTerms of Traversedin  Ratio of
¥ Vo =(=1/2)g ©* Successive TB nces
Intervals raversed
o 0 0
T [=1/2)g 1* Va Va 1
2t _401/2)gt* 4 ¥ 3 ¥y 3
3t —o(1/2)g ** 9 yg 5 ¥a 5
4t -16(1/2)g 1* 16 yy 7 ¥a 7
5t -25(1/2)g 1* 25 ¥y 8 ¥y 8
6t _36(1/2)g T 36 yy 1y, 11

The third column gives the positions in the unit of y,.
The fourth column shows the distances traversed in

successive Ts. At last, the fifth column find the distances
Hence proved

are in simple ratio1:3:5:7.

Stopping Distance for a Vehicle

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

It is also an important factor for road safery. Its value
dcpcnds upon the sp:cd at which the vehicle is running and
the efficiency of the braking system.

Let the distance travelled by the vehicle before it stops
be d,.
Using the equation of motion,

vl =u’ 4 2ax

Ifv=0and x=4_, then

2
=u

2a

[Smpping distance, 4, =

Thus, the stopping distance is proportional to the square of
the initial velocity. If we double the initial velocity, its
stopping distance increase by a factor of 4 for same

deceleration.

EXAMPLE |14| Halt a Car
A car moving with a speed of 50 km/h can be stopped by
brakes after covering 6 m. What will be the minimum
stopping distance, if the same car is moving at a speed of
100 km/h?

Sol In first case,

5
u=50km/h =50x—
18

125
=—mfs,v=0x=6m
9

Using the relation, v* —u" = 2ax

125
0-| =2 = zaxs
9

_ —125x%125 _

= a=—" " = _1627m/ s’ =16 m/s

Blx2x6
In second case,

5 250
u =100 kmfh=100% —= — m/s
18 o

v =ﬂ,a=—lﬁm}sz:mdx=?

Using the relation, v* —u® = Zax
z
250
ﬂ—[—] = 2x(—16) x
9
250 250
= r=————=341m
Blx 2x16

Reaction Time

When a situarion demands our immediate action, it takes
sometime before we rcally n:spund. Reaction time is
defined as the time a person takes to observe, think and act.
c.g. Ifa person is driving a car and suddcn|y a boy appears
on the road, then the time tlapscd before he applics the
brakes of the car is the reaction time.

Reaction time depends on

(i) an individual presence of mind
(ii) the complexity of the situation

Calculation of Reaction Time
We can find reaction time by the following experiment.
Suppose your friend is holding a long rod vertcally in the

gap bctwctn d'jt rhumh :1'['1{[ fﬂl’t-ﬁl'lgt‘l’ Bf your I'igl'll' l'lﬂl'ld.

He has to drop that rod and you have to carch and hold the
falling rod. You will see that rod is caught after moving a

distance x.
Let this distance x be 0.21 m. If ¢ is the reaction time,
then u=0, a=98 rn.fsz, x=021m,t=?

Using the relation, x=uz+ Ear 2

1
= u_2|=n+ix5u::x:2

fz »x0.21
= = =0.2s
9.8




TOPIC PRACTICE 2|

OBJECTIVE Type Questions

1. The velocity of a particle moving along a straight

Sol.

Sol

Sol. (a) For free fall, vy =0,a=— g=-98 ms

line is described by equation

v=12-3t?
where, x is in metre and ¢ in s. The retardation of
the particle when its velocity becomes zero, is
(a) 24 ms ™ (b) zero (c)6ms™  (d)12ms~?

(d) We know accelerationa = ‘;—V
t

So, v=12-3"and a= -6t
At t =25, v=0 and a=-6x2
a=12ms™

So, retardation of the particle =12 ms™.

A lift is coming from 8th floor and is just about to
reach 4th floor. Taking ground floor as origin and
positive direction upwards for all quantities,
which one of the following is correct?

[NCERT Exemplar]

(a) x<0O,v<0,a>0 (b)x>0,v<0,a<0
(c)x>0,v<0a>0 (d)x>0,v>0a<0

(a) As the lift is coming in x
downward directions displacement 8th floor
will be negative. We have to see

whether the motion is accelerating x<0

or retarding.

When the lift reaches 4th floor is

about to stop hence, motion is <0 [ 4t floor

tarding in nature hence, x <0, a> 0. : o
o ' ’ Ground floor

As displacement is in negative
direction, velocity will also be negative ie, v<0.
This can be shown on the adjacent graph.

The object is released from rest under gravity at
y = 0. The equation of motion which correctly
expresses the above situation is

(a) v=—98 t ms™
(b)v=(98—98t)m/s
() vi =-196 y2 m’s
(d) v’ =(vg +296 y)m*ss*

-2

i

The equations of motion are

v=—98tms™

vi=2x(-98)xy

(using v = v, +at)
(using v* = vj + 2ay)

=-196y m’s~*

4. The average velocities of the objects A and B are
v, and vg, respectively. The velocities are related
such thatv, > v,.

The position-time graph for this situation can be
represented as

x (M) ——e

(b)

t(s)——
(d) None of the above

Sol. (a) Since, the velocities of the particles are positive, the

slope of the straight line in (x-t) graph must be positive.
Since, v, > v, the slope of straight line representing A
must be greater than the slope of the straight line
representing B i.e., graph representing A is more steeper.
Even though, A starts with lower value of position
coordinate than B, it overtakes, Batt =3s.

VERY SHORT ANSWER Type Questions

5. If position of a particle at instant is given by
x =2¢%, find the acceleration of the particle.

dx d(2t%)

Sol. Given, x = 21", velocity, v = —= ——— =6t
dt dt
2
Acceleration, a= ii_v. - .d_({’_'.). =12t
dt dt



6. When a body accelerates by pt, what is the
velocity after time ¢, when it starts from rest?
Sol. Given, acceleration a = 3t
It can be written as Idv = Iﬁldt

B’ Bt

On integrating, we get v = —2-+ C= [+ C=0]

7. Give an example of uniformly accelerated linear
motion.

Sol. Motion of a body under gravity.
8. Constant acceleration means that x-t graph will
have constant slope? Yes/No
Sol. Acceleration means that velocity is non-uniform. So, x-t
graph will be curved.
9. Draw v-t graph for non-uniform accelerated
motion.
Sol.

—_—

—

Here, acceleration is increasing.

10. Consider that the acceleration of a moving body
varies with time. What does the area under
acceleration-time graph for any time interval
represent?

Sol. The area under acceleration-time graph for any time
interval represents the change of velocity of the body
during that time interval.

11. Acar starts accelerating from rest for sometime,
maintains the velocity for sometime and then
comes to rest with uniform deceleration. Draw
v-t graph.

Sol.

t(s)

12. Write an expression for distance covered in nth
second for a uniformly accelerated motion.
Sol. 1fais the uniform acceleration, then

s(mh)=u+%a(2n—l)

where, s (nth) is the distance covered in nth second, u is
the initial velocity.

13. Find the acceleration and velocity of a ball at
the instant it reaches its highest point if it was

thrown up with velocity v.

Sol. Acceleration is 9.8 m/s* (downwards) and velocity is
zero at the highest point.

SHORT ANSWER Type Questions

14. The displacement of a particle is given by at”.
What is dependency of acceleration on time?
Sol. Let x be the displacement. Then, x = at*

~. Velocity of the object, v = % = 2at
t

Acceleration of the object, a = %! =2a
t
It means that a is constant.

15. Abus starting from rest moves with a uniform
acceleration of 0.1 m / s* for 2 min.
Find (i) the speed acquired and (ii) the distance
travelled.

Sol. u=0a=01m/s*andt=2min120s
(i) v=u+at=04+0.1x120=12m/s

1 1
(i) s=ut +-2-a12 =0+Ex0.l ><(1?_0)2

1
=Ex0.l x120x120=720 m

16. Points P,Q and R are in a vertical line such that
PQ = QOR. Aball at Pis allowed to fall freely.
What is the ratio of the times of descent
through PQ and QR?

Sol. Lett, andt, be the times of descent through PQ and QR,
respectively.
Let PQ=QR=h
Then, h=12-gtfand2h=%g(t,+lz)z

By dividing, we get
2
L U
2 (’l +'2)2
- 1 t
T L+,
ity =1:(Y2-1)

17. Which of the following is true for displacement?
(i) It cannot be zero.
(ii) Its magnitude is greater than the distance
travelled by the object.

Hence,

Sol. Both these statements are not true, because

(i) Its magnitude can be zero.

(i1} Its magnitude is either less than or equal to the
distance travelled by the object.



18. What are uses of a velocity-time graph?

Sol From a velocity-time graph, we can find out
(i) The velocity of a body at any instant.
(ii) The acceleration of the body and
(iii) The net displacement of the body in a given
time-interval.

19. The velocity of a particle is given by equation
v=4+2(C, +Cy)
where, C, and C, are constant. Find the initial
velocity and acceleration of the particle.
Sol The given equation is v =4+ 2(C, + C,t)

= v=(4+2C )+ 2C,t
Comparing the above equations with equation of motion
v=u+at

Initial velocity, u = 4 + 2C,
Acceleration of the particle = 2C,
20. The speed-time graph for a car is shown in
figure below.
8

=]
o

S

ha

Spead (in me=")

2 4 6 ] 10
Time (g) —

(i) Find how far the car travels in the first 4 57
Shade the area on the graph that represents
the distance travelled by the car during the
period.

(ii) Which part of the graph represent uniform
motion of the car?

Sol (i) The shaded portion of the car represents the distance
travelled by the car in the first four seconds.
8

A A

Speed (in ms1)

0 2 4 6 ] 10
Time (g) —=

The car travels with a non-uniform speed which is
accelerated in nature.

(ii) The straight line portion of the graph represents
the uniform motion of the car i.e. from point A to B.
21. Atr=0,a particle is at rest at origin. Its
acceleration is 2 m/s? for the first 3s and
-2m/ s* for next 3s.
Plot the acceleration versus time and velocity
versus time graph.

Sol The acceleration-time graph is

3 |ﬁ 7] r{s]x
=20

The area enclosed between a-t curve gives change in
velocity for the corresponding interval.

Att =0, v =0 hence final velocity at t =3 s will increase
to 6 m/s. In next 3 s, the velocity will decrease to zero.

Thus, the velocity-time graph is

0 3 6 9

t(s) X

22. The distance travelled by a body is
proportional to the square of time. What type of
motion this body has?

Sol Let x be the distance travelled in time i. Then,

xest? [given]

x=kt* [here, k= constant of proportionality]

We know that velocity is given

=] ﬁ =2k
dr
and acceleration is given by
a= ﬁ =24 [constant]
oA

Thus, the body has uniform accelerated motion.

LONG ANSWER Type | Questions

23. Suggest a suitable physical situation for each of
the following graph. [NCERT]

28 .
Nl

(@ (®)

(c)



Sol. (i) In Fig. (a), the x-t graph shows that initially x is zero

24.

)
v

ie. at rest, then it increases with time, attains a
constant value and again reduces to zero with time,
then it increases in opposite direction till it again
attains a constant value Le. comes to rest.

The similar physical situation arises when a ball
resting on a smooth floor is kicked which rebounds
from a wall with reduced speed. It then moves to the
opposite wall which stops it.

(it) In Fig. (b), the velocity changes sign again and again
with passage of time and every time some speed is
lost. The similar physical situation arises when a ball
is thrown up with some velocity, returns back and
falls freely. On striking the ground, it rebounds with
reduced speed each time it strikes against the ground.

(iii) In Fig. (c), initially the body moves with uniform
velocity. Its acceleration increases for a short duration
and then falls to zero and thereafter the body moves
with a constant wvelocity. The similar physical
situation arises when a cricket ball moving with a
uniform speed is hit with a bat for a very short
interval of time.

Figure gives the x-f plot of a particle executing
one-dimensional simple harmonic motion. Give
the signs of position, velocity and acceleration
variables of the particles att=0.35,125 - 125,
[NCERT]

In SHM, the acceleration a = — w®x i.e. acceleration is
directly proportional to the displacement and opposite in
direction.

Sol In the SHM, acceleration a = —@°x, where @ (ie.

25.

angular frequency) is constant.

(i) At time ¢t =035, x is negative, the slope of x-t plot is
negative, hence position and velocity are negative.
Since a = — w”x, hence acceleration is positive.

(ii) At time t =1.2s, x is positive, the slope of x-t plot is
also positive, hence position and velocity are positive.
Since a = — @’ x, hence acceleration is negative

(iii) Att=—12s, x is negative, the slope of x-t plot is also
negative. But since both x and t are negative here,
hence velocity is positive. Finally, acceleration a is
also positive.

Figure shows the x-f plot of a particle in one-

dimensional motion. Three different equal

intervals of time are shown. In which interval
the average speed is greatest and in which it is

the least? Give the sign of average speed for
each interval. [NCERT)

Sol.

26.

Sol.

§

LT The slope of x-t graph represents the average

" speed in that interval of time i.e. higher the slope
of x-t graph, higher is the average speed.

We know that average speed in a small interval of time

is equal to the slope of x-t graph in that interval of time.

The average speed is the greatest in the interval 3

because slope is greatest and the average speed is least

in interval 2 because slope is least there.

The average speed is positive in intervals 1 and 2

because slope of x-t is positive there and average speed

is negative in interval 3 because the slope of x-tis

negative.

Figure gives a speed-time graph of a particle in
one-dimensional motion. Three different equal
intervals of time are shown. In which interval is
the average acceleration greatest in magnitude?
In which interval is the average speed greatest?
Choaosing the positive direction as the constant

direction of motion, give the signs of u and a in
the three intervals. What are the accelerations

at the points 4, B, C and D? [NCERT]

1 2 3

Time

-'i;';!,f: The slope of vt graph represents the acceleration
¥ ie. higher the slope of v-f graph, higher the
acceleration.

We know that average acceleration in a small interval of
time is equal to slope of velocity-time graph in that
interval. As the slope of velocity-time graph is
maximum in interval 2 as compared to other intervals 1
and 3, hence the magnitude of average acceleration is
greatest in interval 2. The average speed is greatest in
interval 3 for obvious reasons.

In interval 1, the slope of velocity-time graph is positive,
hence acceleration a is positive. The speed u is
positive in this interval due to obvious reasons.

In interval 2, the slope of velocity-time graph is
negative, hence acceleration a is negative. The speed
u is positive in this interval due to obvious reasons.



27.

Sol

28.

Sol

In interval 3, the velocity-time graph is parallel to time
axis, therefore acceleration a is zero in this interval
but vis positive due to obvious reasons.

At points A, B, C and D, the velocity-time graph is
parallel to time axis. Therefore, acceleration a is zero at
all the four points.

Figure shows x-f plot of one-dimensional
motion of a particle. Is it correct to say from the
graph that the particle moves in a straight line
for <0 and on a parabolic path for r> 0?7

If not, suggest a suitable physical context for
this graph. [NCERT]

t=0
t=0

No, because the x-t graph does not represent the
trajectory of the path followed by a particle. From the
graph, it is noted that att =0, x =0

Context The above graph can represent the motion of
a body falling freely from a tower under gravity.

Two trains A and B of length 400 m each are
moving on two parallel tracks with a uniform
speed of 72 km h™ in the same direction with A
ahead of B. The driver of B decides to overtake
A and accelerates by 1 ms2 If after 50 5, the

guard of B just brushes past the driver of 4,
what was the original distance between them?
[NCERT]
For a train A, u =72 kmh™
_ 72%1000 _
T 60X 60

=1

20 ms

t=50sa=0x=x,

1
As, x=ur+Eﬂr"

&
1
oox, =20%50+ — % 0x50° =1000m
2
For train B,u =72km /h= 20 ms ™",
d=1m}’sz,f=505, X=xg

1
As, x =ut +E.:H2

1
Xp=20%50+—x1x50" = 2250m
2

Taking the guard of the train B in the last compartment
of the train B, it follows that original distance between
the two trains = length of train A + length of train B.

29.

Sol.

=800
or original distance between the two trains is given by
= ¥y — X, = 2250 —1000 = 1250
or original distance between the two trains
= 1250 — 800 = 450 m

Ajet plane beginning its take off moves down the
runway at a constant acceleration of 4.00 m/s”.
(i) Find the position and velocity of the plane
5.00 s after it begins to move.

(ii) If a speed of 70.0 m/s is required for the
plane to leave the ground, how long a runway
is required?

Because the acceleration is constant, we can apply the

equations of motion derived above.

(i) We take the origin of the x-axis to be the initial
position of the plane, so that x;, =0

It is useful to begin by listing all the data given in
the problem.

a=400m /s’
v=0x=0

The problem may be stated in terms of the symbols as
follows

Find x and v at t =500 s
When x and u are zero, these two equations reduce

1
to v=alt and x=3m‘2

At t=500%
v = (4.00 m/s*)(500%) = 200 m/s

x =%{4.ﬂﬂ m.."sz]l{S.CMZIs]'I2

x=500m
The problem here may be stated as
Find x when v =70.0 m/s
It contains the single unknown x, as well asaand v,
which are known withu=0, v =2a, x

(i)

Solving for x, we obtain
v _ (70.00 m/s)” _

=2 613 m
2(400 m/s”)

30. Acar starting from rest, accelerates at the rate f
through a distance s, then continues at
constant speed for sometime ¢ and then
decelerate at the rate f/2to come to rest. If the

Sol

. . 1
total distance is 5s, then prove thats = 3 .

2

For accelerated motion,

As

u=ha=f,s=s
vi—ut = 2as,

vi—0'=2fs = v, = 2fs

Distance travelled, s, = vt = t4J2fs



31.

For decelerated motion,

u=42fs, a=—f/2v=0
As vi—u? = 2as

0 — (25 = 2% (~f12) 5,
Distance travelled, s, = 2¢

Given, s+5, + 58 =5s

= s+ Lf2fs+25=55 = tf2fi =25

1 .
= s=—ft*
2

A player throws a ball upwards with an initial
speed of 29.4 ms™.
(i) What is the direction of acceleration during
the upward motion of the ball?
(ii) What are the velocity and acceleration of the
ball at the highest point of its motion?

(iii) Choose x =0and! =0 be the location and
time at its highest point, vertically downward
direction to be the positive direction of x-axis
and give the signs of position, velocity and
acceleration of the ball during its upward and
downward motion.

{iv) To what height does the ball rise and after
how long does the ball return to the player’s
hands? (Take g =98 ms ™ and neglect air
resistance) [NCERT]

Sol (i) Since, the ball is moving under the effect of gravity,

the direction of acceleration due to gravity is always
vertically downwards.

(i1) At the highest point, the velocity of the ball becomes
zero and acceleration is equal to the acceleration due
to gravity =98ms™ in vertically downward
direction.

(iii) When the highest point is chosen as the location for

x =0and t =0 and vertically downward direction to
be the positive direction of x-axis and upward
direction as negative direction of x-axis.
During upward motion, sign of position is negative,
sign of velocity is negative and sign of acceleration is
positive. During downward motion, sign of position is
positive, sign of welocity is positive and sign of
acceleration is also positive.

{iv) Let t be the time taken by the ball to reach the highest
point where height from ground be s
Taking vertical upward motion of the ball, we have

u=— 294 ms_l,a =9.E:m3_2, v=035=81=7
As, v? —u® = 2as
0—(-294)" =2x08 xS
—(294)
or S=g=—441 m
2x 98

Here, negative sign shows that the distance is covered
in upward direction.

As, v=u+al

. 0=—294 +98x ¢t
294

or t=——=3

It means time of ascent = 3 s

When an object moves under the effect of gravity
alone, the time of ascent is always equal to the time of
descent.

Therefore, total time after which the ball returns to
the player's hand =3+3=6s

32. Read each statement below carefully and state

with reasons and examples if it is true or false.
A particle in 1-D motion
(i) with zero speed at an instant may have
non-zero acceleration at that instant.
{ii) with zero speed may have non-zero velocity.

(iii) with constant speed must have zero
acceleration.

(iv) with positive value of acceleration must be
speeding up. [NCERT]

Sol (i) True, when a body is thrown vertically upwards in the

space, then at the highest point, the body has zero
speed but has downward acceleration equal to the
acceleration due to gravity.

(ii) False, because velocity is the speed of body in a given
direction. When speed is zero, the magnitude of
velocity of body is zero, hence velocity is zero.

(iti) True, when a particle is moving along a straight line
with a constant speed, its welocity remains constant
with time. Therefore, acceleration (i.e. change in
velocity/time) is zero.

(iv) False, if the initial velocity of a body is negative, then
even in the case of positive acceleration, the body

speeds down. A body speeds up when the acceleration
acts in the direction of motion.

33. Aball is dropped from a height of 90 mon a

floor. At each collision with the floor, the ball
loses one tenth of its speed. Plot the speed-time
graph of its motion between

t =0 to12s.(Take, g =10 ms™) [NCERT)]

Taking vertical downward motion of ball from a height
90m, we haveu=0a=10m/s®, s=9%0m, t=7;u="

t= E: ﬂ:E 28=4245%
lJu H 10
u=2as = 2 x 10 x 90 = 30 /2 m/s

Rebound velocity of ball,
w=2u=2 304z =27 JZmss
10 10

Time to reach the highest point is



W 1L (I -

a 10

Total time =1t +t’ =4.24 + 381 = 805s

The ball will take further 3.81 s to fall back to floor,
where its velocity before striking the floor = 2742 m/s

Velocity of ball after striking the floor
9
= = x 2142 = 24342 nys

Total time elapsed before upward motion of ball
=805+ 381 =1186s

Thus, the speed-time graph of this motion is shown in
the figure.

Speed (m/s)

< ] et
20 ]| dchletal s (qailotobelcteiolotoie
AUBR s fone

-
)
1
1
1
1
1
1
)
1
1
1
1

>
e REERE
&

8.05

34. State which of the following situations are
possible and give an example for each of these?
(i) An object with a constant acceleration but with
zero velocity.
(ii) An object moving in a certain direction with
acceleration in the perpendicular direction.

Sol. Both the situations are possible

(i) When an object is projected upwards, its velocity at
the top-most point is zero even though the
acceleration on itis 9.8 m /s *(g).

(if) When a stone tied to a string is whirled in a circular
path. the acceleration acting on it is always at right
angles Le. perpendicular to the direction of motion of
stone (we will study about it in chapter ‘'motion in a
plane’).

35. Abody is projected vertically upwards from A,
the top of a tower it reaches the ground in it

t, second. If it is projected vertically downwards

from A with the same velocity it reaches the

ground in t,second. If it falls freely, from A,

prove that it would reach the ground in frr,

second.
Sol. Using relations
Consider upwards as negative and downwards as
positive.
1
h=—-ut, +Egrf i)
and

h=ut, +lgr§ i)
2

On subtracting Eqs. (1) from (ii), we get

or 0=u(12+t,)+-;-gt§—%g!f

or u(tz+tl)+12-g(lz+l,)(tz-r,)=0

or u+-§-g(12+l,)=0

or u= —%(!2 =1;) ...(11)

From Egs. (i) and (iii), we get
gtl 1 2 1 2
Now, h===(t,—t,)+—gt; =—gt;t (v
= (t; - ,) 28 1 2!’ il (iv)
Again, when the body falls freely.

1
h= ;gtz; %gt,t, = -lz-gt2 [from Eq. (iv)]

LONG ANSWER Type Il Questions

36. Atrain takes 4 min to go between stations
2.25 km apart starting and finishing at rest. The
acceleration is uniform for the first 40 s and the
deceleration is uniform for the last 20 s.

Hence proved

Assuming the velocity to be constant for the
remaining time, calculate the maximum speed,
acceleration and retardation, use only the
graphical method.

The velocity-time graph of the train’s motion is shown
in the following figure

Sol.

O 40s

208

Time — —

Let v represents the maximum speed of the train if x, be
the distance covered during the first 40 s, then

13(40: x, orx, =20v
2

Since total time is 4 min, Le. 240 s therefore, the time

corresponding to velocity-time graph ABis

(240 — 40 — 20) s i.e. 180 s. If x, be the distance covered

during this time, then x, =180 v.]

If x, be the distance covered during the last 20 s, then
X, = 12 X 20=10v

Now, x, +x, +x,=20v+180v+10v

or 2250 = 210 v
225 - -
or v= ? ms =107 ms



Am:elernﬁnn=1=Ems_z=ﬂ.26?5 ms ™ D, =U+l{2n—l}=05[2n—l} .A1)
40 40 2
v 107 e = Puttingn=1, 2, 3, ..., we can find the value of D_.
Retardation = E = E ms " = 0535 ms The various values of n and corresponding values of D
are shown below
37. Atrain passes a station A at 40 kmh™ and nl1l2lalals|e|[7][a]a]w0

maintains its speed for 7 km and is then
uniformly retarded, stopping at B which is

D, 05|15 25|35 45|55 65|75 (85|95
D{m)

8.5 km from A. A second train starts from A at
the instant the first train passes and being
accelerated some part of the journeyand — _[TTTTTTTTTTTTTTTTTTTTTTTTOC
uniformly retarded for the rest, stops at B at the
same times as the first train. Calculate the
maximum speed of the second train, use only
the graphical method.

Sol.  Area AFFG = AE x AG = T=40x AG

=
w

ar AG = l h
40
Area FGB gives the distance covered under retardation, !
itis (8.5 —7) km =15 km == i
2x 1.5 3 [
h=—h 1 2
40

= h W & & ~ B D
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T 3 ) On plotting a graph between D, and n we get a straight
Total time = [— + —] h==h line AB as shown in figure. From Eq. (i), D, = n so the
40 40 4 graph is a straight line. After 10 s, the graph is a straight

Area of AACB = % ABx CD line BC parallel to time axis.

39. Two stones are thrown up simultaneously from

85= 1 % lx v the edge of a cliff 200 m high with initial speeds
2 4 of 15 ms™ and 30 ms™. Verify that the graph
v=85%8kmh™ =68kmh™ shown in figure, correctly represents the time

variation of the relative position of the second
stone with respect to the first.

le F Neglect the air resistance and assume that the
stones do not rebound after hitting the ground.
Take, g = 10 ms™. Give the equations for the

i
i
| linear and curved part of the plot. [NCERT]
i

—
semsszesses

4

1
A Di=G 8

888888

38. Athree wheeler starts from rest, accelerates
uniformly with 1ms™ on a straight road for 10,
and then moves with uniform velocity. Plot a
graph between the distance covered by the
vehicle during the nth second(n =12, 3,...)
versus n. What do you expect the plot to be
during accelerated motion a straight line or a

parabola? [NCERT)

g = 24pm—

o 2 4 6 8 10
f(z) —

Sol. Taking vertical upward motion of the first stone for
time t, we have
xy = 200 m, u =15 m/s,
Dﬂ'“"';[m_” a=—lﬂmf5£,t=i',.t‘=xl

Sol Here,u=0, a=1ms™
Distance covered in nth second is



1.
As, x=x, +ut +—at’
2

x, = 200 +15¢ +l(—1o):2
2

or x, = 200+15¢t - 5¢1* (1)
Taking vertical upward motion of the second stone for
time f, we have

X, =200m,u=30ms"",

a=-10ms" t=tx=x,

1
Then, x2=200+30t-3x1012
=200+30t—-51° (i)
When the first stone hits the ground, x, = 0, from Eq (i).
So, t'—3t-40=0
or (t—8)(t+5)=0

- Eithert =8so0or—-5s
Since, t = 0 corresponds to the instant, when the stone

was projected. Hence, negative time has no meaning in
this case. So,t = 8s.

When the second stone hits the ground, x, =0,

from Eq (ii).
So, 0=200+30f—-5¢ or t* —6t—40=0
or (t—=10){t +4)=0

Therefore, either t =10s, 0r t=—4 s

Since, t = —4 5 is meaningless, so t =10 s.

Relative position of second stone w.r.t. first is
=x, —x, =15¢ 1)

Since, {x, — x, Jand ¢ are linearly related, therefore, the

graph is a straight line tillt =8 s.

For maximum separation, f = & s, so maximum
separation =15 % 8 =120m

After 8 s only, second stone would be in motion for 2 5,
so the graph is in accordance with the quadratic
equation, x, = 200+ 30 ¢ — 5t for the interval of time & s
to 10 s,

40. The speed-time graph of a particle moving

along a fixed direction is shown below in figure.
Obtain the distance travelled by the particle
between (i) t=0sto 10 s (ii)f =25 to 6 s. What is
the average speed of the particle over the

intervals in (i) and (ii)? [NCERT]
the 4
H
o éc S 1(5)

Sol. (i) Distance travelled by the particle between time interval
t=0stot=10s

= Area of triangle OAB
=-12-><Basex!-leight =12-xOBx AC

= L X 10X 12= 60 m
2
Average speed of the particle for this time interval

_ Total distance travelled
Total time taken

=£= 6m/s
10

(ii) From the part OA of the given graph (in accelerated
motion)

Whent=0,u=0 rt=5s5 v=12m/s

Using equation of motion,
v=u+atl
12=0+ax 5

12
or a=—m/s = 24 m/s’
5

Speed of the particle at the end of t =25
v=u+at=0+24x2=48m/s

Now, distance travelled in accelerated motion from
t=2stot=>5sie in3 s for which initial speed is
u=v' =48m/s

Using equation of motion,

1 2
5, =ut +—at
2

1
=4Bx3+5x24x{3}2=14.4 +10.8

5, =25.2m
From the part AB of the given graph (retarded motion)
Initial speed at t =55, u =12 m/s
Time taken,t =(10-5)=5s
Final speed att =10s, v =0
Using equation, v =u + at

O0=12+axh
12
or a=—"=—24m/s
5

Now, distance travelled by the particle in retarded
motion from t =5stot=6sile inls,

1 2
5, =ut + —at
2

=12=x1+ l{—z_d}xl
2

=12-12=108m
*. Total distance travelled by the particle from
t=2stot=6s
§=5 +5,



=252+ 10.8=36.0m

Average speed of the particle for this time interval
_ Total distance travelled
" Total time taken

41. Amotor car moving at a speed of 72 km/h
cannot come to a stop is less than 3.0 s while
for a truck time interval is 5.0 s. On a highway,
the car is behind the truck both moving at
72 km/h. The truck gives a signal that it is going
to stop at emergency. At what distance the car
should be from the truck so that it does not
bumb onto (collide with) the truck? Human
response time is 0.5 s. [NCERT Exemplar|

Sol Given, speed of the car as well as truck =72 km/h
=72 x im..l’:s: 20 m/s
18

Retarded motion for truck

v=u+at
0=20+a, x5
or a, =—4ms’
Retarded motion for the car
v=u+at
ﬂ=2ﬂ+dr ®3
20 .
or a,=—?mjs‘

Let car be at a distance x from truck, when truck gives
the signal and ¢ be the time taken to cover this
distance.

As human response time is 0.5 s, therefore time of
retarded motion of car is (t — 05) 5.

Velocity of car after time ¢,

20
v, =u—at= 2u—[_)|{: —05)
3

Velocity of truck after time f,
v, =20 —4t
To avoid the car bumb onto the truck, v, = v,

20
20— —(t —05)= 20 — 4t
3

20
ar 4t = —(t —05)
3
5
or t==(t —05)
3
or 3t=5r—-25
25 5
or t=—_=_3
2 4

Distance travelled by the truck in time t,

1
S=ut+at

2

5 1 5
=Mx—+—x(—d4)x|—
4 2 4

5, =25-3125=21.875m
Distance travelled by the car in time ¢
= Distance travelled by the car in 0.5 s

(without retardation) + Distance travelled by
car in (t —0.5) s (with retardation)
2

5, = (20 X 05) + m[i—us)_l[ﬂ)[i_u_g)
1 2\3 J\4

=23125m
., 5, — 5, = 23125 — 21875
=1250m

Therefore, to avoid the bumb onto the truck, the car must
maintain a distance from the truck more than 1.250 m.

42. Aball is thrown upward with an initial velocity
of 100 m/s. After how much time will it return?
Draw velocity-time graph for the ball and find
from the graph.

(i) Maximum height attained by ball and
{ii) Height of the ball after 15 s. Take, g=10 ms >
Sol. Here,
At highest point, v =10

u =100 ms™, g=-10 ms™

As v=u+ gt =0=100-10xt
~ Time taken to reach highest point
100
t=—=10s
10

The ball will return to the ground at t = 20 5.

Velocities of the ball at different instants of time will be
as follows.

Att=0, v=100—10%0=100 ms"
Att=58 v=100—10% 5= 50 ms"’

Att =108 v=100—-10x10=10
Att=158 v=100—-10%15= —50 ms"

Att =208, »=100—10x 20=—100 ms"

1

The velocity time-graph will be as shown in figure.

A
+1004




(1) Maximum height attained by ball
= Area of AAOB

=L %10s%100ms™ =500m
2

(if) Height attained after 15 s

= Area of AAOB + Area of ABCD
=500+ (15— 10) % (— 50)
2

=50M0—-125=375m

SRR ERY YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions|

1. The slope of the straight line connecting the points
corresponding to (v,,t,) and (v,,t,) on a plot of
velocity versus time gives
(a) average velocity (b) average acceleration
{c) instantaneous velocity (d) None of these

2. The kinematic equations of rectilinear motion for
constant acceleration for a general situation, where
the position coordinate at t = 0is non-zero, say x,
is
(a) v=v, +at

(b) x=x, +vut+%af2
(c) 1.r2=1.r§+2a|[x—xﬂ]|
(d) All of the above
1

3. A car is moving with a velocity of 30 ms™".
On applying the brakes, the velocity decreases to

15 ms ™" in 2 s. The acceleration of the car is

(a) +75ms™

(b) =77 ms ™
{c) —75ms™
(d) +15ms™

4. An object starts from rest and moves with uniform
acceleration a. The final velocity of the particle in
terms of the distance x covered by it is given as

() v2ax  (b) 2ax {c}E (d) Jax

Answer
1. (b) | 14 | 30 4 (@

VERY SHORT ANSWER Type Questions

5. Can a body have zero velocity and finite
acceleration?

6. Is it possible for a body to be accelerated without

SHORT ANSWER Type Questions

8. A particle in one dimensional motion with positive

value of acceleration must be speeding up. Is it
true? Explain.

9. The acceleration-time graph for a body is shown in

the adjoining. Plot the corresponding velocity-time
graph.

b

Acceleration —

Time —

. . . . 1
10. Establish a kinematic equation s = ut + > at’ from

velocity-time graph for a uniformly accelerated motion.

LONG ANSWER Type [ Questions
11. State which of the following situations are possible

and give an example for each of these?

(i) An object with a constant acceleration but with
zero velocity.

(ii) An object moving in a certain direction with an
acceleration in the perpendicular direction.

12. A passenger is standing d metres away from a bus.

The bus begins to move with constant
acceleration (a). To catch the bus, the passenger
runs at a constant speed (v) towards the
bus. What must be the minimum speed of the
passenger so that he may catch the bus?

[Ans. J2ad |

13. A particle starts moving from position of rest under

a constant acceleration. If it travels a distance x in
t second, what distance will it travel in next ¢t
second? [Ans. 3x]

speeding up or slowing down? If it is so, give
example.
7. Plot a graph of velocity-time, for the condition if an

obhject is moving with increasing acceleration and
having zero initial velocity.

LONG ANSWER Type I1 Questions

14. The two ends of a moving train with a constant

acceleration passes a certain point with velocities u
and v. Show that the velocity with which the middle



point of the train passes the same point is [Ans. 0.8 m/s® 0.5 m/s?, 86 s]

u’ +v2 16. (i) Draw position-time graphs for
2 (a) Accelerated motion (b) Retarded motion

15. A car starts from rest and accelerates uniformly for (ii) A juggler throws balls into air. He throws one

10 s to a velocity of 8 m/s, then it runs at a constant whenever the previous one is at its highest

velocity and is finally brought to rest in 64 m with a point. How high do the balls rise if he throws n

constant retardation. The total distance covered by balls in each second? Take acceleration due to

the car is 584 m. Find the values of acceleration, gravityasg . [Ans. £

retardation and total time taken. 2n’

SUMMARY

= Mation is the change in position of an object with time.

= |f the object size is much smaller than the distance it moves in a reasonable time, then it is called point object.

= Displacement is the measure of change in position of an object with time in a particular direction Ax = x, — x,
= Velocity is the rate of change in position or displacement of an object with time. Its Sl unit is m/s.

= Speed is the ratio of the path length or the distance covered by an object to the time taken.

= Acceleration is the rate of change of velocity with time.

* Kinematics equations for uniformly accelerated motion (Symbols have their usual meaning)

1
lv=u+at 2..'t=Jr,,]+nlf+E.at2 v =o'+ 2ax

= Displacement of a particle in the nth second is given by 5, =u + %[Zn =1)

= Equation of motion under gravity is given by (Symbols have their usual meaning)
Lv=u+ gt 2.ﬁ=m'+%l:|:g]t2 3vi=ul +2xgh

= Stopping distance for a vehicle is given as d, =%

= |f a body travels equal distance in equal interval of time along a straight line, then the body is said to be in uniform mation in a straight line.
= |f a body travels equal distance in unequal intervals of time then it is said to be in non-uniform motion.

) . ds fi]
= [For a non-uniformly accelerated motion,v =—, & -4
dt dt
= Average velocity is given by,v,, A _X-x
At -t

= Average speed is the total distance travelled divided by the total time taken.
* Instantaneous speed is the limit of the average speed as the time interval becomes infinitesimally small or approaches to zero. It is given by

. As s
Sp=lim —=—
Te—0 At
. . . : . N - A -
= Average acceleration is the ratio of change in velocity of the object to the time interval. It is given by, a,, =a_:=%
10

* Instantanous acceleration is the acceleration of a body at a certain instant or the limiting value of average acceleration when time interval tends
to zero. Itis given by, &, = lim L
- TR T a0 AL dt



CHAPTER
PRACTICE

OBJECTIVE Type Questions

1. If the velocity of a particle is v = At + Bt?, where
A and B are constants, thenm the distance
travelled by it in 1sis

(a)3A+7B

3 7
b)j—A+-B
{}2 3

() 2 + 3

At a metro station, a girl walks up a stationary

escalator in time ¢, . If she remains stationary on

the escalator, then the escalator take her up in

time t,. The time taken by her to walk up on the

moving escalator will be [NCERT Exemplar]

(a)(t, +t,)/2 by, t, Mt — 1)

(ch bty Mty +8,) (dyt, —t,

In one dimensional motion, instantaneous speed

v satisfies0 < v < v,,. [NCERT Exemplar]

(a) The displacement in time T must always take
non-negative values

(b} The displacement x in time T satisfies
-v,T<x<wv,T

ic) The acceleration is always a non-negative
number

(d) The motion has no turning points

{d}%A+4B

An object is moving with an initial velocity of
30 ms™! with uniform acceleration. The velocity
of object increases to 40 ms " in next 5 s. The v-t
graph which least represents this situation is

(c)

v (me=T) ——

0 ffs) —

(d) Mone of the above

ASSERTION AND REASON

Direction (). Nos 5-9) In the ﬁiﬂawfng questions, fwo
staterments are given- one labelled Assertion (A) and the other
labelled Reason (R). Select the corvect answer to these questions
[from the codes (a), (b), (c) and (d) as given below
(a) Both Assertion and Reason are true and Reason is the
correct explanation of Assertion.
{b) Both Assertion and Reason are true but Reason is not
the correct explanation of Assertion.
{c) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.

Assertion In real life, in a good number of
situations, the object is treated as a point object.
Reason The object is treated as point object, so far
as the size of the object is much smaller than the
distance it moves in a reasonable duration of time.

Assertion For motion along a straight line and in the
same direction, the magnitude of average velocity is
equal to the average speed.

Reason For motion along a straight line and in the

same direction, the magnitude of displacement is
equal to the path length.

. Assertion For uniform motion, velocity is the same

as the average velocity at all instants,

Reason In uniform motion along a straight line,
the object covers equal distances in equal intervals of
time.

Assertion In realistic situation, the x-t v-t and a-t

graphs will be smooth. This means physically that
acceleration and velocity cannot change values
abruptly at an instant.

Reason Changes are always continuous.



9. Assertion A body may be accelerated even when
it is moving uniformly.
Reason When direction of motion of the body is
changing, then body may have acceleration.

CASE BASED QUESTIONS

Direction (Q. Nos. 10) This question is case study based
question. Attempt any 4 sub-parts from given question.

10. x-t Graph

The x-t graph represents the motion of a car at
different time instants. With reference to the
below graph, choose the correct for the question
given below.

2 253 354 45 5 55 6

1 (8) e

(i) The slope of the line P,P, for the interval

t=3stot=5sgives

(a) average velocity

(b) instantaneous velocity

(c) average speed

(d) Either (a) or (c)

(ii) The slope of the line P,P, for the int
L. For the time intervalt = 3.5stot =4.5s,the
value of average velocity is given by the
slope of the line Q,0,.

IL. The slope of the tangent (T|T;,) at point P
gives the velocity of the car at time instant
t=4s.

I1I. The slope of the tangent at point P gives
the instantaneous velocity of the car.

(a) BothTandIl (b) Only1

(c) Only I (d) LIIandIII

(iii) Which of the following statements is correct

with reference to the above graph as the time
interval Ar approaches zero, ie, At — 0?7

L. The line P,P, becomes tangent to the
position-time curve at the point P.

II. The slope of the tangent (T,T,) at point P
gives the velocity of the car at time instant
t=4s.

IIl. The slope of the tangent at point P gives the
instantaneous velocity of the car.
(a) BothIand II
(b) OnlyI
(c) Only I
(d) LMand I

(iv) Figure shows the (x-t) plot of a particle in
one-dimensional motion. Two different equal
intervals of time are speed in time intervals 1
and 2 respectively. Then,

(a) v, >v,
(b) v,>v,
(©) vy=v,
(d) Data insufficient

(v) Among the four graphs shown in the figure,
there is only one graph for which average
velocity over the time interval (O, T') can
vanish for a suitably chosen 7. Which one is

it?
X
XA
(a) t (b) /\
-—-’t
X X A
t —
Answer
1. © | 2 © ’ 3. (b) ’ 4 (b 5. ()
6. (a 7. () 8 () 9. (d)
10. (@) G)(d  Gidd) (V) (v)(b)



VERY SHORT ANSWER Type Questions

I1. Can earth be regarded as a point object when it
describes its yearly journey around the sun?

12. Write the expression for distance covered in nth
second by a uniformly accelerated body.

13. Why does a parachute descend slowly?

14. What does speedometer record: the average
speed or the instantaneous speed?

15. Draw displacement-time graph for a uniformly
accelerated motion. What is its shape?

SHORT ANSWER Type Questions

16. Two bodies of different masses m, and m, are

dropped from two different heights a and b.
What is the ratio of time taken by the two bodies
to drop through these distances?

[Ans. +a : +fb]

17. 1f the velocity of a particle is given by
V= .ﬁSD —16x m/s, what will be its acceleration?
|Ans. — 8 m/s”]

18. The speed-time graph for a car is shown in figure
below

O 1 2 3 45 6 7 8 9 10
Time (s) —

(i) Find how far does the car travel in the first 4s.
Shade the area on the graph that represents the
distance travelled by the car during the
period. [Ans. 18 m]

(ii) Which part of the graph represents uniform
maotion of the car?

19. Abody moving with a uniform acceleration
describes 12 m in 3rd s of its motion and 20 m in
the 5ths. Find the velocity after 10 s.

[Ans. v =42 m/s]

20. Acar accelerates from rest at a constant rate o for
some time, after which it decelerates at a
constant rate i to come to rest. If t is total time
elapsed, then calculate

(i) the maximum velocity attained by the car

(ii) the total distance travelled by the car

1oaft®
2( + )

[Ans. (a) qu,ﬂ' {b)

LONG ANSWER Type I Questions

21. Discuss the motion of an object under free fall
and draw (i) acceleration-time (ii)
velocity-time and (iii) position-time graph for
this motion.

22. A car moving with a speed of 50 km/h can be

stopped by brakes after at least 6 m. What will
be the minimum stopping distance, if the same
car is moving at a speed of 100km/hYAns. 24 m]

23. Derive an expression for stopping distance of a

vehicle in terms of initial velocity v, and
deceleration a.

24. Atrain moves from one station to another in 2

h time. Its speed during the motion is shown in
graph. Determine the maximum acceleration

during the journey. Also, calculate the distance
covered during the time interval from 0.75h to 1 h.

2

3

Speed (in kmfh)
&

0.5 1.0 1.5 20
Tirne (in hour)

o

[Ans.a =160 km/h* s =10 km]

25. Establish the relation x(t) =ut + %ﬂfz by

caleulus method.

26. The distance covered by an object between

timings t, and, is given by area under the v-t
graph between 1, and r,. Prove that the above
statement also holds when an object is moving
with negative acceleration has velocities
positive at time ¢, and negative att,.

LONG ANSWER Type LI Questions

27. Derive the three equations of motion by

calculus method. Express the conditions under
which they can be used.



28. Aballis dropped from a height of 100 m on a OABCD. Calculate the distance covered by the

floor. At each collision with floor, the ball loses particle between (i) r=0to 18 s (i)t =2s to
one-tenth of its speed. Plot the speed-time t =12 5 and the maximum value of acceleration
graph of its motion betweent =0s andt =12s. during this interval.
29. A parachutist bails out from an airplane and after A
dropping through a distance of 40 m, he opens ﬁm' """"""
the parachute and decelerates at 2 m/s”. If he % 151
reaches the ground with a speed of 2 m/s, how =10 ‘B L
long does he float in the air? At what height did 51 i -\
he bail out from the plane? [Ans. 15.86 s, 235m) i i D

O 2 4 6 8 10 12 14 16 18 1(9)
30. The velocity-time graph of a particle moving ] B .
along a straight line as shown in figure by curve [Ans. (i) 170 m, (i) 125 m, =5 m/s °]





