Motion in a srraighl line is also called recrilinear motion. It involves no changt in direcrion
so its study is relatively simple. Under this head, we will study motion of object cither along

X-axis or along Y-axis.
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MOTION IN A
STRAIGHT LINE

|TOPIC 1]
General Introduction of Motion

Mechanics is a branch of physics in which we study the motion of abjects.

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
starics, 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 of objects to the forces which cause them. The
time factor also plays an important role.

REST

If the position of an ﬂbjr{_'l does not changt W.LLL Its surmunding with the
passage of time, it is said to be at rest. e.g. Book lying on the wable, a person

sitting on a chair, etc.
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MOTION

If the position of an abjccr 15 cuntinuuu.s|y changing W.I.L.
its surrounding, then it is said to be in the state of motion.
Thus, motion can be defined as a l:hangc in position of an
nhj:cl: with time. It is common to :\ncry'rhing in the
universe. In our dai|}r 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 straight line is called recrilinear motion.

e.g. Motion 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 dreular loop.

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

e.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 only one coordinate is needed to
specify the position of the object.

X ) X

Maotion in 1-0

In 1-D motion, the object moves along a straight line.
In this type of moton, there are only two directions
(backward and forward, l.lP‘W:ll’El and downward) in which
an object moves and these direcrions are specified by + and
- signs.

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

of an ahjcct is considered as 2-D if two x ¥
coordinates are needed to specify the * M

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

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

the Dhjcct moves in a pla.nc.

Three-dimensional Motion The motion of an ohj:ct 15

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

to sp:cify the position of the nbj:ct. This type of motion
takes placc in three-dimensional space.

e.g Butn:rﬂ)«' ﬂying in gan:lcn. the motion of water
molecules, etc.

Maotion in 3=0

POINT OBJECT

An nhj:ct is considered as point abicct if the size of the
ubjccr is much smaller than the distance it moves in a
reasonable duration of time.

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

(i1) Earth can be n:gardcd as a point uhjcl:t for stud}ring

its motion around the sun.

The Fo|luwing :xa.mph: |1|:|ps us to decide abour a point
ubjccr.

EXAMPLE |1| Body as a Point Object
In which of the following examples of motion, can the
body he considered approximately a point object?
[NCERT]
(i) A railway carriage moving without jerks between two
stations.
(ii) 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.

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

(iti) 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 only the magnitude is required to specify a
physical quantity, that physical quantity is known as
scalar quantity or scalars.
c.g. Mass, ||:ngth, rime, spn:d, etc.

(ii) Vectors If magnitude as well as direction both are
required to specify a physical quantity, that physical
quantity is known as vector quantity or vectors.

e.g. Displacement, velocity, 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 hy the coordinace axis thar is,
marked in units of length and that has positive and
negative directions.

=vi direction +va direction

3 2 -1 0 1 2 3 *m
Position in +ve and -ve direction
e.g. If an object is situated at = 1 m, then minus sign
indicates that the position has negative direction but if
the objcct 15 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
mutually perpendicular axes as x, y and = The point of
intersection of these three axes is called origin (0) and

considered as the reference point.
The x 3 z-coordinates describe the position of the object
w.r.t. the coordinate system. o measure time, we need a

clock. This coordinate system alongwith a clock constitutes

a E[‘II'I'IE Df IEFEI"EI'.ICC.

So, the frame of reference is a coordinare system with a
clock w.r.t. which, an observer can describe the position,
displacement, acceleration of an object.
Frame of reference are of two types
(1) Inertial frame of reference These are the frame of
reference in which, Newron’s first law of motion is
applicahlc.
(i1) Non-inertial frame of reference These are the frame

of reference in which, Newron's first law of mortion is
not applicch.

w 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 maotion are inertial and
frames in non-uniform motion are non-inertial.

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

Path Length/Distance

The lcngth of the path covered hy an ohj:ct in a given
time-interval, is known as its path length or distance
travelled. Its SI unit is metre.

c.g. Suppose an cl-bjl:ct moves along x-axis to a distance of
100 m from the origin O in time (#). Then, the path length
15 100 m.

Now, if the object returns to the origin in time (¢7), then the
path length is 100+ 100 =200 m.

Y
[t A
_..:Am
:1III
o A X— B

Pach length of object

EXAMPLE |2| Total Path Length of a Scooter

A scooter is moving along a straight line AF 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.

240 m
—
A—l—lc B
-—36{] i ——

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



Displacement

The chang: in position of an Dhj:ct in a pa.rticular
direction is termed as disp]aﬂemcnt, i.e. the difference
berween the final and initial positions of the clhjcct_ Itis
denoted by Ax. Mathemarically, it is represented by

[ Displacement, Ax =x, = x, }

where, x; and x4 are the initial and final position of the
object, respectively.

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

(ii) If X| > X then Ax is negarive.

(iii) If x, = x,, then Ax is zero.
i.e. the displaﬂ:mmt of an ol:ject in motion can be
positive, negative or zero.
Di.sp|accmcnt is a vector quantity as it possesses both,
the magnitudc and direction.

Note

* The magnitude of displacement 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
ZEro.

Differences between Distance and Displacement

5.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
ZErQ.

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

The displacement of an
object can be zero.

The displac:_arr;enl af an
object can be positive,
negative and zera

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) t, to t, and (i) t, tot,.

+ 1

AN

=50 -40 -30 -20 -10

% A=

0 +10 +20 +30 +40 +50
— +X

C"I For distance, we observe the actual path length and for
¥ displacement we observe the change in position.

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

UNIFORM MOTION IN
A STRAIGHT LINE

A body is said to be in a uniform motion if it travels equal
distance in equal intervals of time along a straight line.

e.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.

MNote

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 bady is in non-uniform motion if it travels cqual
disphc:m:nt n un:qu:-1| intervals of rime.

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

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

SPEED AND VELOCITY

Speed

The distance covered hy an ubjccr divided b)-' the time taken
hy the [:l:ljr:ct to cover that distance is called the speel:l of that
ubjcct.

N = Distance travelled
Time taken




Speed is a scalar quantity. The speed of the object for a

given interval of time is always positive.
Unit of speed The unit nfspl:cd in MKS (S1) is m/s and in
CGS as em/s.

Dimensional formula [M®LT™').

Uniform Speed
Ifan uhjcct is moving with a uniform spc:d, it means thar it
covers cqua| distance in :qu.'l] interval of time.

Variable or Non-Uniform Speed

If an ubjocr is moving with a non-uniform .sp:cd, it means
that it covers l:qual distances in uncqu.'l] intervals of tme.

Velocity
The rate of change of position of an object with time is
called the velocity of that object.

. . Displacement
i.e. Velocity =———
Time

Velocity is a vector quantity.

Unit of velocity The unir of velocity is ems ™' in CGS and
ms™" in MKS or SI.

Dimensional formula The dimensional formula of velocity

is[M"LT'].

Uniform Velocity

An object could have uniform velocity if it covers equal
displacement in equal interval of time. If an object have
cqua| displaccml:nt in l:qual interval of time, it means that it
is moving with uniform vc||:|-c'1ty.

Non-uniform Velocity
If an nhj:ct is moving with a non-uniform w:locir_v, then it

will have unequal displacements in equal interval of time.

Note The velocity of an object can be positive, zero and negative
according to its displacement is positive, zero and negafive.

Average Speed and Average Velocity

Average Speed

Average speed of an objecr is defined as the roral distance
travelled by the object divided by the total time taken.

Total distance travelled

Average Sptl:d, v, =
Total rime raken

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

position or displacement (Ax) divided by the time interval

(Az) in which thar displacement occur.

. Average velocity of the body is given by

Ax
Vav =
Ar
v Average Velocity vs Average Speed

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

Average velocity is net displacement divided by time taken.

S0, 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

Speed ar an instant is defined as the limir of the average
spccd as the ome interval (Ar) becomes inﬁnitcsimaﬂy small
or approaches to zero.

Mathtmaricnlly, Insrantancous spccd arany instant of time
(#) s cxpn:sscd as

As ds
rs. =

Lim
Insrantancousspccd, 5i = Ar—0 ED ; _E

[ds is the distance covered in time ]

ds’
WI'II:TC, d— 15 t]'n: le‘Cl’CHtlal CDCFECICIlt UFEW.I.L 4
3

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 = [Zt“; - 31}]
ds
gJ =—=
dt

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

:—'[2:2i.+ 3tj)

Instantaneous Velocity

Velocity at an instant is defined as the limir of average
velocity as the time interval (At) becomes infinitesimally
small or approaches to zero.

Marhcmarica”y, instantancous vclﬂcity at instant of tme ()
is given by
o Ax dx
v;=lim — orp, =—
Ar—0 Af dt

where, dx is di.sp|accmcnt for time k.



Note Lim  AX.. -.lled differential coefficient of displacement

At — 0%
) . dx
xw.rt timet. ie. = -5
The value of instantancous wvelocity can be calculated =50
graphically also as given below. -75

Suppose an object is moving along a straight line with g—lm
variable w:lncil}', Let the position-time gmph of this motion
is represented by a curve as shown in the figure.

&

Sol. Atr=35,
We know that instantaneous velocity of a particle

Position (m)

In the words to calculate instantaneous velocity, we have

to reduce At to approximately zero (i.e. infinitesimal
Graphical interprecation of instantaneous velocity small) and find the corresponding value of Ax/At.
Following table will illustrate the process.

From the graph, the average \r:lm:iry of the uhj:ct over the

. . . . A’ t; i | { Ax Aol At
tme interval Ar=4s, (i.e. from 4s o 8s) is the slope of 5 ;5 225 ff[;]EI fi:] & a5
srr:lighr line AR. If we decrease the interval of time At from ) ) '

. . e . 1 4 3 BB 56 an 30.0

4s to 3s then the line becomes AC, Similarly, ar time
interval Ay is2sand the line becomes AD. As Ay appn:lal:hl:s 5 3.75 3.25 19 60 59 28.55
to zero, the point B approaches point A. A 3.55 3.45 78 64 14 28.52

: .01 3.505 495 81 69 12 29.51
Thus, the line AB becomes the tangent of EF to the curve at \
D. Hence, l:!'lc slope of the tangent wir]:} time axis gives the So, thevalue of 2% 4 ds to come close to the value of
value of instantancous velocity. Generally, we use At
numerical method to find the value of instantaneous 29.5 when we reduce At to very small around 3.5.
vclu-city as the limiting process becomes clear. Therefore, instantaneous value of velocity at 3.5 will be

. . o 29.5 m/s. The value of x(t, ) and x{(t, ) have been obtained

Note The magnitude of instantaneous velocity is always equal to the from the given graph.

instantaneous speed for a particular instant.

EXAMPLE | 5| Instantaneous velocity of a particle TOPIC PRACTICE 1 I

The displacement (in m) of a particle moving along
x-axis is given by x = 18t + 15¢°. Find the instantaneous

velocity att =0and t = 2s. OBJECTIVE Type Questions
Sol Given, Displacement, 1. Which of the following statements is true for a
x =18t +15¢° car moving on the road?
Instantaneous velocity, (a) With respect to the frame of reference attached to

the ground, the car is at rest
m (b) With respect to the frame of reference attached to
Instantaneous velocity at the flperson sittinﬁ]infthe m}'thF car is at re;: .
c) With respect to the frame of reference attached to
: :uzg ‘;i{li:z%);ﬂzil‘?sﬂ;ﬁs ( the ];Etsap:ﬂutside the car, the car is at rest
T - {d) None of the above
EXAMPLE |5| Instantaneous m.ﬁw h.y gmphiml Sol. (b) For a car in motion, if we describe this event wr.t a

thod frame of reference attached to the person sitting inside

) i i the car, the car will appear to be at rest as the person
Find the instantaneous velocity at ¢ = 3.5 s from the graph inside the car (observer) is also moving with same

given below. velocity and in the same direction as car.

v, =

=18+ 30¢



2. The coordinates of object with respect to a frame
of reference att =0 are (1,0, 3). 1ft = 55, its
coordinates are (-1, 0, 4), then the object is in
(a) motion along z-axis  (b) motion along x-axis

(c) motion along y-axis
(d) rest position betweent=0sandt=>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. So0,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?
Sol An object can be considered as a point object, if the
distance travelled by it is very large than its size.
4. Cana 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 Mo, 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 rin seconds. What is the velocity att =257

2= We know that, velocity is rate of change of
displacement i.e. v=—
dt

Sol Given, x=6+18t +9t°
dx

— =18 + 18t
dt

v, =

At t=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

Vay = Viga

SHORT ANSWER Type Questions

10. From the given example, find if the motion is
one or two or three-dimensional.
(i) Akite 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.
(iii) 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.
1l. 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 1 s.
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=2m
Therefore, he takes 32 steps to move 8 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 Le. after 37 s from the start.

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

intervals ¢, and f,.

Iy ta
i 13 |' B —— |"|
= L L L = L % L I }

L
L) T T T T T T T
50 —40 -30 20 =10 O 10 20 30 40 50 (™M)

- e
=X +x



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

14. The position x of a body is given by
x = Asin (@t). Find the time at which the
displacement is maximum.
S0l The value of position x will be maximum, when the
value of sin (@t) is maximum, for this
sin (i) =1 = sin ©/2

R n
or w=— = t=|—
;= 3

15. If the displacement of a body is zero, is distance
necessarily zero? Answer with one example.

Sol  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.

16. The position of an object is given by x =2¢% + 3.

Find out that its motion is uniform and
non-uniform.

Sol As given, x =2t +3t

By differentiating x w.r.t. f, we get
= d—x=i[2I2 +3t)
dr dt
v=(4r+3)
As velocity is time dependent, it means that motion is
non-uniform.

Velocity,

17. The data regarding the motion of two different 21.

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. Sol.
Time Distar!m mllnd by EHsiaqcn uaulalla:l by
object P (in m) objectQ (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 a7
10.45 am 60 41
11:00 am 70 44

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 Pis
uniform. On the other hand, the object O covers 7 m from
9:30 am to 9:45 am, 4 m from %: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” — bt®, where x is in metre and t
is in second. Find its instantaneous speed at
F=2s,

Sol. The given equation-x = at® — bt*

Instantaneous speed v = ;ﬂ = dil{czu.'2 - b.rs}= 2at —3bt*
i 'y

Att=2s , v=4a-12b m/s

20. The position of an object moving along x-axis is
givenbyx=a+ br* wherea=85m,b=25m
and ¢ is measured in seconds. What is its
velocity att =0sand f=20s?

Sal. Wekrmwthat.v=d—x

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

[NCERT]

u=%[a+br2}=2br=5rmjs [ b=25m]

At t=0v=0, t=2s5andv=10m/s

LONG ANSWER Type [ 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
dx

dt

Since, in instantaneous speed, we take only a small
interval of time (dt) 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 dt.

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

at that instant of time Le. v, =



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
Time taken J

[Accclcration =

Its SI unit is metre per second square (m/s”) and CGS is
cm/s’. The dimensional formula is [M°L' T2},

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= JZt2 —3t, where x is in metre and t 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/s in 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

o. Acceleration =

_ Final velocity — Initial velocity _ v—u _6-0
- Time taken T
=02m/s*
Case II Initial velocity,u =6 m/s
Final velocity, v=4m/s
Acceleration = v+ = % =—04 m/s°

Thus, the acceleration in both the cases are 0.2 m/s*
and —04 m/s*

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,



[:hangc in w:lu-cil}r. Av=v,—v,

Time during which v:lncit}r has changcd, Ar=1r, =1

Velogity 4
Vo

¥y

Djl4—E —»o

ITIma

Velocity-time graph to calculate average acceleration

R
a,, = slope of straight line PR = —Q
rQ

{ ﬁv_vl—\rl

Average acceleration, a_, =—
®OAr t,-1y

The .slupc of vclnciry-timc gmph gives acceleration.

Instantaneous Acceleration

It is defined as the acceleration of a hndy ar a certain instant
or the limiting value of average acceleration when time

intcn-':ﬂ I}CCD]TII:S very SII!I.EJ.I or tcnds o Zero.

) o Av dv
So, | Instantaneous acceleration, a, , = lim —=—
Ar—=0 Ar df

where E is the differential coefficient of v w.r.t. .

v Elementary Concept of Integration for Describing Motion
We know that, v = E,a =£nr vﬂ
o 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 sguare of velocity

izl.-'*’m‘l‘ bv"’cﬂ'
_ _

If velocity is a function of displacement, v = f(x), for average of v

fromx=x tox=ux, 2
jvdr
= V=2
Tz
[dt
o |

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 figqure given, find the average acceleration
between points A and B.

| 20 g
¥ 15
10

5

Velocity (mvs
=Y

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

BE =Av=v,—v, =20-10 =10 m/s
AE = At =t,—t,=8—4=43s

a =L—u= 25[]’]4"92

EXAMPLE 3| Calculation of instantaneous
acceleration

The velocity of a particle is given by v = 2t* -3t + 10
m/s. Find the instantaneous acceleration at ¢ =5s.

Sol. Given, v=2t"—3t+10m/s

ag, =£=4i‘ -3m/s’
dt
If t=5 a, =5%x4—-3=17 m/s"

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

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

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

and the variables are (i) r=0tot =25 (i) t=2¢

Velocity of particle, v = ;{ﬁ
I

d
v =d—{1ut +156%) =10 + 45¢°
t



Att=0v, =10+ 450)=10 m/s,
Att=2sv, =10+45x%(2)
=10+ 180 =190 m/s
Av=wv,—v, =190-10 = 180 m/s
At=2-0=2s

Distance (x) =

o AV _180_ o Time ) =
“ 3-’ 2 (i1) Negative Acceleration When distance covered |:|y a
a =d_{1u +451%)= 90t moving uhjcct goes on dccr:asing with time, the
T

s ubjccr is said to have negative acceleration.
Atr=2 5, a=9x 2=180m/s

The instantaneous acceleration of a particle at 2s is 180 m/s*. é
Uniform Acceleration % K
]

If an object is moving with uniform acceleration, it means Time ) —
that the change in velocity is equal for equal intervals of fime.

(1i1) Zero Acceleration When the moving abjcct COVErS
Non-uniform Acceleration equal distance in equal time, the object is said o

have zero acceleration.
If an object has variable or non-uniform acceleration, it

means that the changc in '\-1:lv|:|-|.:ir_'.r 15 uncqual in cqua|

: . I F
1ntcrv:-1|s Uf mnme. % >
EXAMPLE |5| Uniform Acceleration E
The displacement x of a particle varies with time t as i3 E
x = 4% =15t + 25. 0 Tmel)—
(i) Find the position, velocity and acceleration of the
particle at t =0. VELOCITY-TIME GRAPHS FOR
(ii) Can we call the motion of the particle as one with AN ACCELERATED MOTION

uniform acceleration?

) (1) Zero Acceleration In case of zero acceleration, the
Sol. (i) Given position, x = 4t* =15t + 25

velocity of the object does not change with time.
Velocity,v = L i«ﬁ —15t + 25) = 8t —15
dt dt

Acceleration, a = L (8t —15)=8 :§ =
Todt dt = ///
At time t =0, we have /
x =412 —15t +25 " %
Time

=4(0)—15(0)+ 25=25m

v=8t—-15=8§0)—-15 Note
=—15m/s and a = 8m/s* The area under v- graph gives displacement.
(i1) Yes, the particle has a uniform acceleration because it . . i
does not depend on time t. (i1) Positive Acceleration
(a) If the object is moving

POSITION-TIME GRAPHS FOR with positive acceleration |
having zero initial velocity, =

POSITIVE, NEGATIVE AND ZERO then the velocity-time Z

ACCELERATION graph is a straight line 3
starting from origin.

(i) Positive Acceleration When distance covered by a o Time (£)

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

moving object goes on increasing with time, the
object is said to have positive acceleration.



(b) If the object is moving

with positive | Q
acceleration having ey

some initial vc-locxty", g A

then the velocity- time

graph is a straight line =

starting from P. 0 Time(t)

(iii) Increasing Acceleration In case of increasing
acceleration, the velocity of the object goes on
increasing exponentially (non-linearly). 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.

o}

Time (1)

(b) Ifthe abjcct is moving with negative acceleration

(c)

have some negative initial velocity, then the
velocity-time graph is a straight line starting

from P as point of negative velocity.
I
=
e Time
P
Q

If the DI}th'l‘ 1s moving with negative acceleration
have some positive initial velocity, the direction
of its motion can change at time (¢). The slope of
velm:ity-timr. Eraph will remain constant for
uniform acceleration.

—

Time

EXAMPLE |6| Analysis of Velocity-Time Graph

+v mfs
t 309
20+
104
0 5t
l 10
-vmis 5 | E
9] !

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

-y Area under the v-t graph gives the measurement of
V¥ displacement. Thus, displacement = Area under v-t

graph.
Sol. (i) Displacement in first three seconds = Area of AOAB

" %(OB)X(OA)= 12(3)x(+3o)= +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= Y2~ %1 = 0= e —tomA?
X — Xy 3

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 ¢, to t,?

W

o —
(1) x(t;) = x(t,) + wit,)(t; —t,) + %ﬁ{tz _tllz

(i) vit,) = wit,) +alt, - t,)



(i) v ) - x| [vity) — vit,)]
- l (- ty) J (t; —ty)
(9) x(t2) = X(0) + Varlty = 1) + 5 (6 =)

(vi) x(t,) — x(t,) = Area under v- 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. It means
acceleration is not constant or uniform, therefore
relations (i), (if) and (v) are not correct which is uniform
accelerated motion, but relations (iii), {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: in vclu-ciry of an ohj:ct in each unit of time is
constant, then object is said to be moving with constant
acceleradion and such a motdon is called uniﬁ:n‘nl}r
accelerated motion.

If an object moves along a straight line with a constant
acceleration a. Let u be the inital vc|acity att =0 and v be
the final velocity of the object after time (&)

(i) Velocity-Time Relation

The slope of velocity-time graph gives the acceleration of
the obj:ct.

v G'l
! (-1
T
2
T C
o T Time
a = Slope of P}
R -
B _v=s
PR t
[l ]
= a=
¢
= v = gt

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

(ii) Position-Time Relation

The area under the \-'clociry-timc gmph gives the

displaccmcnt.

Disphccmcnt of an objcct in time interval £ is given by

x =Area of A PQR + Area of rectangle OPRT
1
=EQR><PR+GP><PR
]{ Ve + ut
=—(v—u u
2
1
=E|:d£]t+ﬂt [ v —u=at]
L 5
==ar" +ur
2

1 2
= x=5:ﬂ + ut

. . . 1 5
Position-time relation x =ur + Ed!

(iii) Position-Velocity Relation
Again the displacement in time interval (¢) is given by

x = area of trapezium OPQT.
1
= E (OP+QT) x0T

1
rx=—futv)xt L1
2
From n=j=at
r=x . i)
i

On substituting the value of £ in Eq. (i), we get

1 v=1
x=—(u+v)x ( )
P
= v =—ut =2ax
= [Position-vclocir}r relation, v =u’ +2ﬂx]

Displacement of the Particle
in nth Second

Let an obj:ct 1s moving with initial vch:-ciry u under
constant acceleration a.

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

Djsplactmtnt n ?J['I'I sccond = =

s (nth) = [uﬂ'l'%ﬂ(ﬂz}]—{u(ﬂ - ]]+%a[n— l]'}]

1 1
=un+—an" —un+u—5.d'{n— 1}2

=u+§[uz —{n—l}'}]



=:..:+§lf1i’.'2 —nl=1+2n)

[Displaccmcnt in the nth second, s(rth) = u+ ;{Zn - ]ﬂ

Above expression shows disphc:m:nt in the nth second.

w 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 is, 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.

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

Step Ml 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=0,t=10s v=20m/s
As v=u+at
20=0+ax10

Acceleration, a=2m /s?

1
Distance, x, =ut +—at”
2

1
=0X10+—x 2x(10)* =100 m

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

As X, X, + Xy =640
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=20mfs, v=10x=x,=40m

As v? —u® = 2ax
(0} —(20)* = 2xax40

400 .
or a=——=-5m/s"
B0

. Retardation = 5m /s*
- 0—-20
Tim:etal:.en..t:u=—=4s

Total time taken =10+ 25+4 =39s

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,

d’=£ = dv=ad
At

Integrating both sides and taking the limit for velocity u
to vand for time 0 to f.

j: dv =j;n dt = aﬁdi‘ = .u:[t]:] [ @ is constant]
v—u=at
v=u+at

Now, from the definition of velocity, v = i—r = dx = vdt
t

Integrating both sides and taking the limit for

displacement x, to x and for time 0 to &
r

:dx— t di = [ _ [121
j,, -juu = j'n{u+ar}a'f = v, [1], +ﬂl?J
i
1
x—x, =ut +—at
2

1
x = xy +ut +?"2

Now, we can write

or vdv=adx
Integrating both sides and taking the limit for velocity u
to vand for displacement x, to x.

J.“vr.fv=_[x adx
u Xy

2 2
wo—=

=alx—x,)

vi=yt +2a(x—x;)

This method is also be used for motion with non-uniform
acceleration.

Non-uniformly Accelerated Motion

When acceleration of particle is not constant or acceleration
is a function of time, then following relations hold for
one-dimensional motion.



(1) v=— [ﬁ]ﬂzﬂzuﬂ

At dr dx
(i) ds = v dt and (iv) dv = a dt or vdy = adx

EXAMPLE |10| Non-uniformaly Accelerated
Motion

Two particles move along x-axis. The position of particle
11is given by x = 6.00t* + 3.00t + 2.00 (in metre and in
seconds); acceleration of particle 2 is given by
a=-800t (inm/s* and seconds) and at ¢ =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"+ 300t +2.00
For particle 2,

a, =—8001,

vy=20mfsatt=0s

dx
We know that, vl{i‘}l=I

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

For particle 2,
We know that, ja{r]dr:v{r}
_ 2
= u{r}:I—E.ﬂﬂd::—sjrda': N,

vil=—4t*+C
Ifv(t)= 20 m/s and t = 05, then
20m js=—4 {0} +C

= W=0+C = C=20
So, vy (t)=—4t* + 20
Since, the particles’ velocities have to match, you have to
set the two equations equal to each other
vy (1) =vy (1)
12t +3=—41"+20
4t +121-17=0

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

_ —bt B —dac B —12+f(12)* —4(4)(-17)
- 2a N 2(4)
_ -12+ . flaa + 272

8
f= —12:‘:@ =—12:|: 203
8 8
t=—4Msort=1045
As, time cannot be negative, t =104 s.

Find the velocities of different particles.
'b'[f] y=12{104) + 3= 1548 m/s
v(t,)=—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 I:upwan:l or downward), the
accelerarion of the hud}r is l:qu:-1| to the acceleration due to
gravity.
In case of motion under gravity, the equarions of motion
are given below

v=u+(tg)t L1

;gzu:+2l{ig]f ...(ii)

v’ =ut +20g) b ...(Gi)

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

negative.

N 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

resistance.
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=-98ms™

The object is released from rest at y = 0. Therefore,u=10
and the equations of motion become



v=0-gt=—98tms™

h=0-1/2gt"= —49t° m
vi=0-2gh=—196hm%™
These equations give the velocity and the distance
travelled as a function of time and also the variation of
velocity with distance.
The variation of acceleration, velocity and distance with

time have been plotted in
Fig. (a). (b) and (c).

1 2 tis)
-5
-10 g+
[rr:’g2}

[a] Variation of acceleration with time
1 2 3 4 5 ts)
n, . = L L L L L -

=104 ™
=20 ~
=30
=40
=50 )
[}

(mys)

[b) Variation of velocity with time

1 2 3 4 s
L L L »

(m)

[c] Variation of distance with time

a=-—10 mf’sz.r=11.

x =7 (say)
Using theorem, vi=u® + 2ax
F 2
x= X Z¥ 00 _ 4,
2a 2% (—10)
R —
]
A
x a==10m/s?
25m I
C

(ii) As shown in figure, we have upward motion A to Bin
time (t, ) and downward motion (B to ) in time (t, )
Velocity at B is zero
A v=u-—gi

0=20-10t, = t, =2s

From the top, the ball falls freely under acceleration
due to gravity.

x=xg +ut + 5 gt?

2
x=0 x,=45mu=0and g=10 mfs*
0=45+04 1 (= 10)t} =45-5¢,°
2

ty =9=sty =3
- Total time taken by the ball to hit the ground
L=ty +t,=2+3=5s
Method II

In this method we shall consider net displacement
= Final position — Initial position = 25m.

1
Using the formula x=ut +-g1'2
2
1
= —25= +20f ——gt* = +20t —5t°
2
= t*—4t-5=0

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

Note Here, magnitude of displacement and distance is equal.

Galileo’s Law of Odd Numbers

EXAMPLE |12| Motion of a Ball under Gravity Galileo was the first to make quantirative studies of free fall.
A ball is thrown vertically upwards with a velocity of  This law states thart 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. Le 1:3:5:7.

(i) How high will the ball rise?

L}
(ii) How long will it be before the ball hits the ground? EXAMPLE [13] Prove Galileo's Law of 0dd Numbers

Take. g=10 m /s Sol Let us divide the time interval of motion of an object
"4 / [NCERT] under free fall into many equal intervals tand find out
Sol. (i) Consider vertical upward motion of ball upto highest the distances traversed during successive intervals of
point, we have

. . .
t . Si =10, the =—— gt
ﬂ=mlnf5,v=0, e, MnCce L . n y 2g



To calculate 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 ~ ftio of
y, =(=12)g 7 Successive T'Q‘ nces
Intervals raversed
i} 0 o
T (=1/2)g 1 Ya Va 1
2t _4(/2)gt? 4 yq By, 3
3t —9(1/2)g’ 9yg 5 ya ]
4t -16(1/2)g e 16 yy 7 ¥ T
5t -25(1/2)g t* 25 ¥y 9 ¥q 9
6t _3g(1/2)g 1 36 ¥y 1y, 1

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 hale is called stopping distance.

It is also an important factor for road safery. Its value
depends upon the speed ar which the vehicle is running and
the efficiency of the braking system.

Let the distance travelled b)-' the vehicle before it Stops
be d,.
Using the equarion of motion,

vl=u’+2ax

Ife=0and x=4_, then

2
=H

5

[Smpping distance, 4. =
2a

Thus, the stopping distance is pmportiuna] to the square of
the initial vclucity. If we double the inirial \rclucity, s
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=50kn/h =50% —
18

125
=—mfs,v=0x=6m
9

Using the relation, v* —u® = Zax

125}
0-|22) = 2axe
9

g SI28X125 _
81%2%6

In second case,

5 250
u =100 km/h =100 % — = — m/s
18 9

v=0a=—-16m/s’and x="7

Using the relation, v* —u® = Zax

2
250
ﬂ—[—] = 2x(-16) x
9
o SOX0 _oim
81x2x16

Reaction Time

When a situation demands our immediate action, it takes
somerime before we really respond. Reaction time is
defined as the rime a person rakes to observe, think and acr.

eg. Ifa person is driving a car and suddl:n|y a bﬂy appears
on the road, then the dme clapsed 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 vertically in the
gap berween the thumb and fore-finger of your right hand.
He has to drop that rod and you have to carch and hold the
falling rod. You will sce that rod is caughr after moving a
distance x.

Let this distance x be 0.21 m. If ¢ is the reaction tme,

then u=0, a=98 mfsz, x=021m,t=1?

. . 2
Using the relation, x =t + Em

1
= I].Z]:I]+E><9Exrz

2 %021
= t= =0.25s
9.8

=-162Tm/s" =16 m/s



TOPIC PRACTICE 2|

OBJECTIVE Type Questions

1. The velocity of a particle moving along a straight

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

line is described by equation
v=12-3t?
where, x is in metre andt in s. The retardation of

such thatv > vg.
The position-time graph for this situation can be
represented as

the particle when its velocity becomes zero, is 120 A
(a) 24 ms ™ (b) zero (c)6ms™  (d)12ms™? 100 B
dv x(m) gg
Sol. (d) We know accelerationa = — (a) 60 i
dt 40 !
So, v=12-3t"and a=—6t 20 |
At t =25, v=0 and a=—-6x2 10 E
a=12ms™ 04 j’ 4
So, retardation of the particle =12 ms™. 0 1 = r“(s)-s—.
2. Alift is coming from 8th floor and is just about to l
reach 4th floor. Taking ground floor as origin and a5 A
positive direction upwards for all quantities, %
which one of the following is correct? (6) x
[NCERT Exemplar] :
(a) x<0,v<0,a>0 (b)x>0,v<0,a<0 ¥ \(Z)_'
(c)x>0,v<0a>0 (d)x>0v>0a<0
Sol. (a) As the lift is coming in
downward directions displacement
will be negative. We havs to see 81 floor |
whether the motion is accelerating x<0 i
or retarding. !
When the lift reaches 4th floor is . i L
about to stop hence, motion is <20 4th floor 0 1 2 3 4 5
retarding in nature hence, x <, a> 0. romod Tioor t(s)——
As @placement is m negative (d) None of the above
dxr.ecuon. veluclty willalso be i b a iy Sol. (a) Since, the velocities of the particles are positive, the
This can be shown on the adjacent graph. slope of the straight line in (x-t) graph must be positive.
3. The object is released from rest under gravity at Since, v, > vy, the slope of straight line representing A

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

y = 0. The equation of motion which correctly
expresses the above situation is

(a) v=—98 t ms™"
(b)v=(98—98t)m/s
(c) vi=-196 y2 m’s

(d)v* =(v§ +296 y) m’/s?

-2

-2

The equations of motion are

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%) 3

i =21 1 =—_—=—=
B8 fg) (using v = v, + at) Sol. Given, x=2t", velocity, v = i 61t
2
vi=2x(-98)xy (using v* = vj + 2ay) Acceleration, a=‘;—v= %= 12t
t t

=-196y m*s™



6. When a body accelerates by ft, what is the
velocity after time £, when it starts from rest?
Sol. Given, acceleration a = 3t
It can be written as J‘dv = IBldl

2 2
On integrating, we get v = E-;-+C = ﬁ;—

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.

[~ C=0]

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. 1f ais the uniform acceleration, then

s(mh)=u+-'2-a(zn—1)

where, 5 (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 = -‘;—x = 2at
t

Acceleration of the object, a = :;1- =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=2min 1205
(i) v=u+at=0+40.1x120=12m/s
(i) s=ut +l;a:2 =0+% % 0.1 % (120)°

=%xmx120x120=720m

16. Points P,Q and R are in a vertical line such that

PQ =0OR. 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 OR,
respectively.
Let PQ=QR=h
Then, h=-:zgt,z and2h=12g(t,+lz)2
By dividing, we get
1__u
2 (f+1,)
or 1 _ t
Ny t,+t,

Hence, ¢, :t, =l:(~/—2-—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.

Sol. Both these statements are not true, because

(i) Its magnitude can be zero.

(ii) 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, +Cyt)
where, C, and C, are constant. Find the initial
velocity and acceleration of the particle.
Sol. The given equationis 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

=]
By

E
k|

P2
1

Speed (in ms="

2 el [] B 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.

%a
£ 4
gz
0 2 46 8 10
Time (8) —

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

(1i) 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

- X
3 i3 9 t(s)

-9ol

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

At t =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

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 t. Then,

xee [given]

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

We know that velocity is given
=22k

dr

and acceleration is given by

elr
Thus, the body has uniform accelerated motion.

d 2k [constant]

LONG ANSWER Type I Questions

23. Suggest a suitable physical situation for each of

the following graph. [NCERT]
M ¥
A Jo
Bt N\\ NI
(a) o)
A
t
{c)



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

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.

(ii) 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-t plot of a particle executing
one-dimensional simple harmonic motion. Give
the signs of position, velocity and acceleration
variables of the particles att =0.35,1.25 - 125,

[NCERT)
X

2 N /.
V4 "I\/‘ SN

L
¢

oo 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.

Sol. 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-f 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]

-'('3'_- In SHM, the acceleration a =-w’x i.e. acceleration is
¥ directly proportional to the displacement and oppasite in
direction.

Sol In the SHM, acceleration a = —w?*x, where @ {i.e.
angular frequency) is constant.

(i) At time t =035, x is negative, the slope of x-t plot is ! 2 3 Time
negative, hence position and velguity are negative. ‘- The slope of vt graph represents the acceleration
Since a = — " x, hence acceleration is positive. ¥ ie. higher the slope of vt graph, higher the

(ii) At time t =1.2s, x is positive, the slope of x-t plot is acceleration.
also positive, hence position and velocity are positive. Sol. We know that average acceleration in a small interval of
Since a = — "x, hence acceleration is negative time is equal to slope of velocity-time graph in that

(iii) Att = —12s, x is negative, the slope of x-t plot is also interval. As the slope of velocity-time graph is

negative. But since both x and t are negative here,
hence velocity is positive. Finally, acceleration a is
also positive.

25. Figure shows the x-t 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

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.

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

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-t plot of one-dimensional
motion of a particle. s it correct to say from the
graph that the particle moves in a straight line

for t=0 and on a parabolic path for r= 07

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

t=0
t=0

Mo, 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 ms™. If after 50 s, the

guard of E just brushes past the driver of A,
what was the original distance between them?

[NCERT)]
For a train A, u =72 kmh™
T2 = 1000 -
= =20ms”’
60 x 60
=505 a=0x=x,
1
As, x =ut +—at’
2
“ 30
1A=2ﬂx50+l><ﬂ)<502=lﬂﬂﬂm
2
For train B, u =72 km /h= 20 ms ",
a=1mf’52,r=SUs,x=xs
1
As, x=ut+ 3 at® Sol

1
Xy =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.

=800
or original distance between the two trains is given by
= xp — ¥, = 2250 —1000 = 1250
or original distance between the two trains
= 1250 — 300 = 450 m

29.

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?

Sol 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 w are zero, these two equations reduce

1
to v=at and 1=Eui'2

At t=5008
v = (400 m/s*) (500s) = 200 m/s

x =%{4.Dﬂ m.."s’}{iﬂﬂs}z

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 (7000 m/fs)®

" a 2(4.00 m/s”)

A car starting from rest, accelerates at the rate f
through a distance s, then continues at

constant speed for sometime r and then
decelerate at the rate f/2to come to rest. If the

total distance is 5s, then prove that s = % i3

For accelerated motion,
u=lha=f,s=s

As v? —u? = 2as,

vi-0'=2fi = v, =.f2fs,

Distance travelled. s, = v,t = t4/2fs



For decelerated motion, Here, negative sign shows that the distance is covered

in upward direction.
u=42fs,a=—ffL2v=0

As, v=u+at
As v? —u? = Zas, 0=—294 +98 =t
0" — (25 ) = 2% (=f12) 5, or L.
Distance travelled, s, = 25 ) o
Gi - It means time of ascent =3 s
VERL - ST Sy TSy =0d When an object moves under the effect of gravity
- - alone, the time of ascent is always equal to the time of
= s+i,.,'2 §+25=55 = rﬁ,lz =1 » ¥s e
f s descent.
= 5= lﬁ-" Therefore, total time after which the ball returns to
2 the player's hand =3+3=6s
31. A player throws a ball upwards with an initial 32. Read each statement below carefully and state
speed of 29.4 ms™, with reasons and examples if it is true or false.
(i) What is the direction of acceleration during A particle in 1-D motion

the upward motion of the ball? (i) with zero speed at an instant may have

(i) What are the velocity and acceleration of the non-zero acceleration at that instant.
ball at the highest point of its motion?

(iii) Choose x =0andt =0be the location and
time at its highest point, vertically downward

(ii) with zero speed may have non-zero velocity.

(iii) with constant speed must have zero
acceleration.
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) with positive value of acceleration must be
speeding up. [NCERT]
Sol (i) True, when a body is threwn vertically upwards in the
space, then at the highest point, the body has zero

{iv) To what height does the ball rise and after speed but has downward acceleration equal to the
how long does the ball return to the player’s acceleration due to gravity.
hands? (Take g =98 ms™ and neglect air (ii) False, because velocity is the speed of body in a given
resistance) [NCERT] direction. When speed is zero, the magnitude of
Sol (i) Since, the ball is moving under the effect of gravity, VO Rof body is zero, hence velocity is zero.

the direction of acceleration due to gravity is always (iti) True, when a particle is moving along a straight line

vertically downwards. w?l‘.h a constant speed, its \relctm.r remil1s constant

(ii) At the highest point, the velocity of the ball becomes ::lﬂunﬂtt;:xl.nf'l;}::r:::e. Boceleration. (L=, cmage in
zero and acceleration is equal to the acceleration due . . i _ . .

to gravity =98ms in vertically downward (iv) False, .I.f the initial velncltlylcf a body is 1.1eg:|twe, then

direction. even in the case of positive acceleration, the body

speeds down. A body speeds up when the acceleration

(iii) When the highest point is chosen as the location for acts in the direction of motion.

x=0and t =0 and vertically downward direction to ) )
be the positive direction of x-axiseand upward 33. Aball is dropped from a height of 90 m on a

direction as negative direction of x-axis. floor. At each collision with the floor, the ball
During upward motion, sign of position is negative, loses one tenth (_:ul‘ its speed. Plot the speed-time
sign of velocity is negative and sign of acceleration is graph of its motion between
positive. During ?UW|[I:rq.rd motion, sign ufﬁnsi_tiﬂn ii_ t=0tol2s (Take, g =10 rns_z} [NCERT]
:x‘;:;‘ti::lgi :lscv;osli:llitre Is povitive anG sge o Sol. Taking vertical downward motion of ball from a height
. o r oy
(iv) Let ¢ be the time taken by the ball to reach the highest 90m, wehaver =0, a=10mA", s =0 m, s =7 u =]
point where height from ground be s. _ |2 _ [2x90 =37 s =424
Taking verticn.ll upward mu:;tinn of the ball, we have = a o s=Ras
- _ -1 2 =ls= =7
w=-Bms,am9Bms, valsnS, tul w=2as = JZX 1090 =30/Z mis
As, - = 2a
: v ) ¢ Rebound velocity of ball,
0—(—294) =2x98x 5§ 9 5
—(294) W=—u=—x30J2=272m/s
or S=———=—441m 10 10
2% 98

Time to reach the highest point is



34.

Sol

35.

Sol

z'="—=L‘E= 272 =272 =381
a 10
Total time =t +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 212 = 24342 s

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)
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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.

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 fs 2I[g}.

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

A body 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 fr s,

second.

Using relations

Consider upwards as negative and downwards as
positive.

1
h=—ut, +Egrf

and h=ut, + L gt i)
2

On subtracting Egs. (i) from (ii), we get
1 1
or 0=u(r,+rl)+3gt§--2-gr,‘

or u(rz+t,)+lzg(t2 +t )t,—t,)=0

or u+12-g(:,+:,)=o
or u= —%(tz =) ...(11)
From Egs. (i) and (iii), we get
gh 1 2 1 g
Now, h===(t,—t,)+—gt; =—gtt (iv)
2 36 28 1 zgfl 2

Again, when the body falls freely.

1 1 1
h=-g’ cgnt=zg’  (fomEq (v)

or t= Hence proved

L,

LONG ANSWER Type II Questions

36.

Sol.

A train 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.

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

0 40s

Timg —

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

1>-<-llfll=.'t'1 orx, =20v
2

Since total time is 4 min, i.e. 240 s therefore, the time
corresponding to velocity-time graph AB is

(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, =2 x20=10v
2

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

2250 = 210v
225
v=—
21

or

or ms~ =107 ms™"



10.7 - -
Acceleration = Y=L ms ™ =0.2675 ms ™
40 40
, v 10.7 - -
Retardation= — = —_ m s =0535 ms™
20 20

37. Atrain passes a station A at 40 kmh™ and
maintains its speed for 7 km and is then
uniformly retarded, stopping at B which is

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 journey and
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 AEFG=AE x AG = T=40x AG

ar AG = 2 h
40
Area FGB gives the distance covered under retardation,
itis (85— 7 km =15km

2x 1.5 3
h=—nh
40

Area of MGB:%GB *» FG=0GR=

Tutaltune=[1+1]h=lh
40 40 4

1
ﬁreanfMCB:EABxCD

1 1
Bi=—K—xvw
2 4

v=85x%8kmh™ =68 kmh™

—
semsmegesses

A Dit—+=G

B

38. Athree wheeler starts from rest, accelerates
uniformly with 1 ms™ on a straight road for 10 s,
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)

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

D, =u+§{bx—l}

D,=n+13{zn—1}=us(m—1;- i)

Puttingn=1, 2 3, ..., we can find the value of D,.

The various values of n and corresponding values of D,
are shown below

nl1l2la3ala|s 678|810
D, 05|15|25 |35 45 55 |65|75|85|95
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On plotting a graph between D, and n, we get a straight
line AB as shown in figure. From Eq. (i), D, = n so the
graph is a straight line. After 10 s, the graph is a straight
line BC parallel to time axis.

39. Two stones are thrown up simultaneously from
the edge of a cliff 200 m high with initial speeds
of 15 ms™ and 30 ms™. Verify that the graph
shown in figure, correctly represents the time
variation of the relative position of the second
stone with respect to the first.

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

linear and curved part of the plot. [NCERT]

11 SR
I 100 ¢+ :
E & E
i 60F 5
= 4 !

2 a

, s -1
o 2 4 6 8 "
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Sol. Taking vertical upward motion of the first stone for
time ¢, we have

xy =200 m, u =15m/s,

a=—lﬂmfsz,t=i‘,x=xl



1.3
As, x=x°+ut+;at‘
x, =200 +15¢ + x-(-10):z
2
or x, = 200+15¢t —5¢* (1)
Taking vertical upward motion of the second stone for
time t, we have
X, =200m,u=30ms™",
a=-10ms” t=1x=x,
1
Then, ,\:2=2oo+3or-;xmr2
=200+30t—51° (i)

When the first stone hits the ground, x, = 0, from Eq (i).

So, t* —3t—40=0

or (t—8)(r+5)=0
- Eithert =8 sor—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+30t—5t> or t* —6t—40=0
or (t=10)(t +4)=0

Therefore, either t =105, 0r t=—45

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

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

Since, (x; — x, )and t are linearly related, therefore, the

graph is a straight line till t = & s.

For maximum separation, t = & 5, so maximum

separation =15% 8=120m

After 8 s only, second stone would be in motion for 2 s,

so the graph is in accordance with the quadratic

equation, x, = 200+ 30t — 5 ¢* for the interval of time 8 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)r=2sto 6 5. What is
the average speed of the particle over the

intervals in (i) and (ii)? [NCERT]
Eha . 4
s
c
o 5 w0 e

Sol. (i) Distance travelled by the particle between time interval

t=0stot=10s
= Area of triangle OAB

=l;x Base x Height =12x03x AC
1
==x 10X 12= 60 m
2
Average speed of the particle for this time interval

_ Total distance travelled
Total time taken

=ﬂ= 6m/s
10

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

Whent=0u=0 t=5s v=12m/s
Using equation of motion,

v=u+al
12=0+ax 5
12
or a=—m/fs =24 m/s*
5

Speed of the particle at the end of t =2 5
visu+at=0+24%2=48m/s

Mow, distance travelled in accelerated motion from
t=2stot=5sie in 3 s for which initial speed is
u=v'=48mfs

Using equation of motion,

1,
s, =ut +—at
2

1
=43x3+5x24x{3}2=14.4 +108

§, = 25.2m
From the part AB of the given graph (retarded motion)
Initial speed at t =55, u=12m/s
Time taken, t =(10—-5)=5%
Final speed att =105, v =0
Using equation, v =u + at

0=12+ax5
12
or a=-——=—-24m/s
5

Now, distance travelled by the particle in retarded
motion fromt =S5stot=6sie inls,

1 2
s, =ut +—at
2

1
=12x1+—={-24)x1
2

=12-12=108m
*. Total distance travelled by the particle from
t=2stor=6s
§=35 +5,



=252+ 10.8=36.0m

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

41. A motor 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 5. 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
=T2x ir!n..l’si: 20 mfs
18

Retarded motion for truck

v=u+at
0=20+a, x5
or at=—4m.|"sz
Retarded motion for the car
v=u+a.t
0=20+a, x3
20 .
or ¢:||r=—?m.|"sz

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

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

Velocity of car after time t,

20
v.=u—at= 20—[—){!—115}
3

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

20
20— —(t —05)=20—4¢
3

20
or 4t = —(t —05)
3
5
or t=2(t—05)
3
or 3t=5t—-15
25 5
ar I=—==35
2 4

Distance travelled by the truck in time t,

1 2
St +—at

5 1 5V
=X +—X(—4)x]|=
12 1

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 — 05) s (with retardation)

2
s, =(20 X 05) + m[i—us)_l[ﬂ)[i_g_g)
4 203 4

=23125m
:. 5, — s, = 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=100ms™", g=—10 ms™

As v=u+gt =0=100-10x1t
2. Time taken to reach highest point
100
t=—=10s
10

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

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

Att=0, v=100—-10%0=100ms
Att=55 w=100—10X5=50 ms"’

1

Att=108 v=100—10%x10=0
Att=158 v=100—10%15=—50 ms"'

Att=120s, v=100—10% 20=—100 ms"'
The velocity time-graph will be as shown in figure.

A
+ 100+
+50+
o B

- B 10 15 20
'g 504 tis)—
=

=100+ b




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

=L 10sx100ms™ =500m
2

(ii) Height attained after 15 s

= Area of AAOB + Area of ABCD
=5EIEI+1E (15— 10) = (= 50)

=500—-125=375m

SeRSNT 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 = 0 is non-zero, say x,
is
(a) v=v,; +at

(b) x=x, +1..'nf+12-ﬂi‘2
(c) u2=v§+2ﬂ{x—r0j
(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

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

(a) +75ms™

(b) =77 ms™
{€) —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 (©) (d) ax

Answer
1. ih)

ax

(b) 2ax

2@ | 320 | 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
speeding up or slowing down? If it is so, give
example.

7. Plot a graph of velocity-time, for the condition if an

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

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.

Acceleration —

Time —
1
10. Establish a kinematic equation s = ut + 2 at® from
velocity-time graph for a uniformly accelerated motion.

LONG ANSWER Type I 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
zerto 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. 2ad) |

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]

LONG ANSWER Type 11 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 5|

u? +v* 16. (i) Draw position-time graphs for
P (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, gravity asg . [Ans. £

retardation and total time taken. 2n*

SUMMARY

= Moaotion 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
lLv=u+at 2_x=xu+ut+iat2 37 =u” + Jax

* Displacement of a particle in the nth second is given by 5, =uv + %[En =1

* Equation of motion under gravity is given by (Symbols have their usual meaning)
Lyv=u+tght 2.h=ur+51[ig]t2 Ivi=u®+ g

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

* |fabody 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 unegual intervals of time then it is said to be in non-uniform motion.

i . ds fij
= For a non-uniformly accelerated motion,v =—, a -
ot dt
« Average velocity is given by, v, Ax _K-n
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 2ero. It is given by

5, = lim 35 %8
a Te-+0 A} - dt
. . . B . R — A -
* Average acceleration is the ratio of change in velocity of the object to the time interval. It is given by, a,, =A_:=%
R |

* 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. Itisgiven by, a, = lim —=—
given by, a I ==



CHAPTER
PRACTICE

OBJECTIVE Type Questions

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

(a)3A+7B

3 7
bi—A+-8B
{}2 ’

A B
{E]';Jf

3
dj=A+4B
3 {}2

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

moving escalator will be [NCERT Exemplar|

(a)(t, +1,)/2 (b)yt, £, Mt —t,)

(cht, b, Mty +1,) (dyt, —t,

. In one dimensional motion, instantaneous speed

vsatisfles0 s 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<v,T

(c) The acceleration is always a non-negative
number

(d) The motion has no turning points

. 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 5. The v-t
graph which least represents this situation is

(c)

v [me=1) —

) g —

(d) Mone of the above

ASSERTION AND REASON

Direction (). Nos 5-9) In the ﬁiiiﬂ:rwfng questions, o
statements are given- one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer to these questions
ﬁam the codes (a), (B), (c)and (d) as fiven 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 25 3 35 4 45 5 55 6

1 (8) et

(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 PP, for the int

L. For the time intervalt = 3.5stof=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.

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

(a) BothTandII (b) OnlyI

(c) Only I (d) I ITand I

(iii) Which of the following statements is correct
with reference to the above graph as the time
interval Ar approaches zero, ie, At — 0?

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.

I1l. The slope of the tangent at point P gives the
instantaneous velocity of the car.
(a) BothIand II
(b) Only1
(c) Only I
(d) I Mand 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,

(@) ¥y>v,
(b) v.>v,
)y, =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 (0, T) can
vanish for a suitably chosen 7. Which one is
it?

(a) t (b)

X X A

(c) \ (d)

t —t
Answer
1. (9 l 2. (0 3. (b) ‘ 4. (b) ’ 5. (a
6. (a) 7. (b) 8 (a 9. (d
10. M@ G)(d) G @W(b) (M(b)



VERY SHORT ANSWER Type Questions

i1.

12.

13.
14.

15.

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

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

Why does a parachute descend slowly?

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

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

SHORT ANSWER Type Questions

16.

17.

18.

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. +fa : /b]

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

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

B
l e A B
§4
w2

O 1 2 3 4 5 67 8 910

Time (g) ——=

(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
motion 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. A car accelerates from rest at a constant rate o for

some time, after which it decelerates at a
constant rate fi to come to rest. Iff is total time
elapsed, then calculate

(i) the maximum velocity attained by the car
(ii) the total distance travelled by the car

wifit 1 wfe’
Ans. (a) ——, (b) ——
fAns- 1) +I3”2(ﬂ+ﬂ]]

LONG ANSWER Type [ 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. Acar 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/h?Ans. 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 0.75 hto L h.

Speed (in kmyn}
s 8

)

"ps 10 15 20
Tirne (in hour)

o

[Ans.a =160 km/h*® s =10 km)]

25. Establish the relation x(f)=ut + %m‘z by

caleulus method.

26. The distance covered by an object between

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

LONG ANSWER Type Il 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

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

OABCD. Calculate the distance covered by the
particle between (i) r=0to 18 s (i)t =2sto
=12 s and the maximum value of acceleration

graph of its motion betweent =0s andf =12s. during this interval.

29. A parachutist bails out from an airplane and after A
dropping through a distance of 40 m, he opens '_‘2'3‘ """"""
the parachute and decelerates at 2 m/s%. If he £157 / \
reaches the ground with a speed of 2 m/s, how =10 ‘B C
long does he float in the air? At what height did 54 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 (3)
30. The velocity-time graph of a particle moving

along a straight line as shown in figure by curve [Ans. () 170 m, (i) 125 m, -5 mjs ]





