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UNIT I

KINEMATICS

® One Dimensional Motion. The motion of an object is said to be one
dimensional mation if only one out of the three coordinates specifying the
position of the object changes with respect to times.

(an object moves along any of the three axes X, Y or Z).

¢ Two dimensional motion. The motion of an object is said to be two
dimensional mation if two out of the three coordinates specifying the position
of the object change with respect to time. {the object moves in a plane.)

# Three dimensional motion. The motion of an object is said to be three
dimensional motion if all the three coordinates specifying the position of
the object change with respect to time. (the ocbject moves in space.)

# Speed. The speed of an object is defined as the ratio of distance covered
and time taken i.e. speed = distance travelled/(time taken). Speed is a
scalar quantity. It can only be zero or positive.

# Instantanecus velocity. The velocity of an object at a given instant of time
is called its instantaneous velocity. When a body is moving with uniform
velocity, its instantaneous velacity = average velocity = uniform velocity.

# Graphs and Nature

S.No. Type of motion Graph Features of graph
] For a staticnary body, DISELACEMENT The slope of st. line
the time displacement + represents instantaneous
graph is a st. line velocity zero slope — zero
parallel to time axis. Ap————=~8 velocity,
L
o TIME
®  When a body, is moving DISPLAGCEMENT Constant slope.
with a constant velocity, A Magnitude of velocity is
then time displacement constant.

graph will be a st.
ling inclined to time axis
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When a body is moving The slope of this gra
with a constant velocity, represents the instanta-
the velocity time graph neous acceleration zero
is a stline parallel to A8 acceleration.

time axis.

—
o} TIME

e Relative velocity. The relative velocity of one object w.r.t another is the
velocity with which one object moves w.r.t another object. If T, and ig
are the velocity of two objects A and B, and 0 is the angle between them,
then relative velocity of cbject A w.r.t B is given by

Vap = Vag — Ve where, Vyg =4/ 1,7 + V2 — 2, v, cos B
L4 H
& 8in b
tanff = —
and p Y, — v, cos

Here, b is the angle which v,z makes with the direction of ¥,.

e Acceleration. The acceleration of an object is defined as the ratio of
change of velocity of the object, and time taken i.e., Acceleration = change
in velocity/time taken. Acceleration is a vector quantity. Acceleration is
positive, if the velocity is increasing and is negative if velocity is decreasing.
The negative acceleration is called retardation or deceleration.

e Instantaneous acceleration. The acceleration of an object at a given
instant is called its instantaneous acceleration.

2

) Av dv d™x

Instantaneous acceleration, a Lt e =T
g At dt th

e Formulae for uniformly accelerated motion along a straight line.

For accelerated motion For Retarded motion
1. v=u+ at v=u-—at
1 .2 1 .2
. 5=ut+ —at 5 = ut — —at
2 + 3 >
3. v z=u® + 2 as vi = u® — 2 as
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Graphs and nature

y.coIr

S.No. Type of motion

Graph

Features of graph

When a body is moving

with a constant acceleration
the time-displacement graph
is a curve with bend upwards.

When a body is moving

with a constant retardation,

the time-displacement graph

is a curve with bend downwards,

When a body is moving

with a constanl acceleration
and its initial velocity is
zero, the velocity-lime graph
is an obligue st line, passing
through origin.

When a body is moving

with a constant acceleration
and its initial velocity is not
zero, the velocity-time graph

is an obligue st-line not passing
through origin.

When a body is moving
with a constant retardation
and its initial velocily is not
zero, the velocity-time graph
is an obligue sl line not
passing through origin.

DISPLACEMENT

2

TIM

DISPLACEMENT

E

-

TIME

VELDCITV

=

>

ELOCIT‘E’

m
-

N

s

TIME

TIME

The slope of time-
displacement curve (instanta-
neous velocity) increases with
time.

{i) The slope of time-displac-
ement curve (instantaneous
velocily) decreases with
time.

Greater will be the slope of
sl line greater will be the
instantanecus acceleration,

The area enclosed by the
velocity-time graph with time
axis represents the distance
travelled by the body.

VELOGITY slope represents acceleration
which is negative i.e.,
retardation.

TIME

& Scalars. The quantities which have magnitudes and unit only but no
direction. For example, mass, length, time, speed, work, temperature efc.

Vector. The guantities which have magnitudes unit as well as direction and

obeys vector laws of addition, multiplication etc. For example, displacement,
velocity, acceleration, force, momentum etc.
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S.No. Resultant Properties and resulis

] Addition of vectors (i) Only vectors of same nature can be added.

(i} The addition of two veclors A and B is a resultant R.

where R = (A2 + B2 4+ 2AB cos0)'? and tan
- ere 0 is th le between A and B
- Boosy Where 0 is the angle between A and B

and [} is the angle which B makes with the direction of A
{ili) Vector acdition is commutative ie. A+ B = B + A
(iv) Vector addition is associative Le.
(A+B)+C~A+[B+C
v} A is maximum if 0 = 0 and is minimum if 0 = 180
@ Substraction of vectors.

S.No. Resultant Properties and results
L ] Subtraction of two {iy Only vectors of same nature can be subtracted.
vectors (i} Subtraction of B from A = vector addition of A and

{—E:I ig. A-B—A4 |f_ B/—R where

R =A% +B% + 2ABcos(180° —¢) and
tand Bsin{180°—8) )
ank A~ Boos[180°—f) where @ is the angle

between A and B: and b is the angle which g

makes with the direction of A.

(i)  Wector subtraction of two vectors is not commutative J.e.
A-B=B-A

(iv)  Vector subtraction is not associative ie.
ﬂ_[ﬁ- é'lziﬁ -B|-C

# Rectangular components of a vector in a plane. If 3 makes an angle
8 with x-axis and A and A_Y be the rectangular components of & along

x-axis and y-axis respectively, then A=A+ A, A+ Ay

Here Ax = A cosb and AY = A sinb
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® The dot product of two vectors Aand B, represented by A.B is a sCalar,
which is equal to the product of the magnitudes of 5 and g and the
cosine of the smaller angle between them.

If @ is the smaller angle between A and B, then A.B — AB cosl

(i) if A=AgitAyjtAk and B=B,i+B,j+Bk
e The vector product or cross product of two vectors A and B is represented
as AxB
If 0 is the smaller angle between A andB, then A =B - C — ABsin0A
where n is a unit vector perpendicular to the plane containing A and B

# Right handed screw rule. [f states that if a right handed screw placed
with its axis perpendicular to the plane containing the two vectors A and B
is rotated from the direction of A to the direction of B through smaller
angle, then the sense of the advancement of the tip of the screw gives the

direction of |: Ax EJ

Far unit vectars : (i} ixi=jxj=kxk=0and

iikxi=]

iy 1,7 and Kk : ixj=k:jxk

It A=Ad+Aj+Ak  and B =B,i+B,j+B,k
ik

AxB=|A, A, A,
B, B, B,

® Projectile. Projeciile is the name given to a body which is thrown with
some initial velocity with the horizontal direction and then it is allowed to
mave under the effect of gravity alone.
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S.No. Projectile projected with Horizontal Projectile with
velocity u projection angular projection

@&  Path of projectile is
a parabola

®  Velocity of projectile at any instant t = ¥ =g 1= U7 + 6% — 2ugtsing

P f W
. , i gt ; 1[ gt
i i i f=tan” |= j=tan |tanl - ———
® Direction of the velocity v m | ucr.‘rsBJ
with the horizontal direction
2h u? sin20
®  Horizontal range R=u — R=—
g g
) ) 2h 2usini
® Time of flight t=— T
g g
2 a2
u”sin“ &
®  Maximum height H=h H 29

1 MARK QUESTIONS

1. Why can speed of a particle not be negative?

2. s it possible in straight line motion a particle have zere speed and a non
zero velocity?

3. Suggest a situation in which an object is accelerated and have constant
speed.

4. Two balls of different masses are thrown vertically upward with same initial
velocity. Maximum heights attained by them are h, and h, respectively
what is h,/h,?

5. A car moving with velocity of 50 kmh™' on a straight road is ahead of a
jeep moving with velocity 75 kmh~'. How would the relative velocity be
altered if jeep is ahead of car?

6. Which of the two-linear velocity or the linear acceleration gives the direction
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ANSWERS

1.

i

o o,

10.

11.

12.

13.

14.

15,

Because speed is distance travelled per second and distance is never
negative.

Nao. it is not possible.

Uniform circular motion.

Same height cohy/h, =1
Mo change

Linear velocity

1 MARK

Will the displacement of a particle change on changing the position of
origin of the coordinate system?

If the instantaneous velocity of a particle is zero, will its instantaneous
acceleration be necessarily zero.?

Can a body subjected to a uniform acceleration always move in the straight
line?

Write an example of zero vector.
State the essential condition for the addition of vectors.

When is the magnitude of E;E } E:I equal to the magnitude of [ﬁ ﬁ:l ?

What is the maximum number of component into which a vector can be

resolved?

A body projected horizontally moves with the same horizontal velocity

although it moves under gravity. Why?

What is the angle between velocity and acceleration at the highest point

of a projectile motion?
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ANSWERS

7. Will not change.

8. No, (highest paoint of vertical upward motion under gravity)

9. Mo example. Projectile motion,

10. The velocity vectors of a stationary object is a zero vectors.

11. They must represent the physical gquantities of same nature.

12. When A is perpendicular to g

13.  Infinite.

14. Because horizontal component of gravity is zero along horizontal direction.

15 890°

1 MARK

16. When does (i) height attained by a projectile maximum? (i) horizontal
range is maximum?

17.  What is the angle between velocity vector and acceleration vector in uniform
circular motion?

18. A particle is in clockwise uniform circular motion the direction of its
acceleration is radially inward. If sense of rotation or particle is anticlockwise
then what is the direction of its acceleration?

19. A train is moving an a straight frack with acceleration a. A passenger
drops a stone. What is the acceleration of stone with respect to passenger?

20. What is the average value of acceleration vector in uniform circular motion
over one cycle?

21. Does a vector quantity depends upan frame of reference chosen?
22. What is the angular velocity of the hour hand of a clock?

23. What is the source of centripetal acceleration for earth to go round the
sun?
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ANSWERS

16.  height is maximum at 8 = 90
Range is maximum at 0 = 45.

17, 90°

18. Radial inward.

19. ,/a? { g° where g = Acceleration due to gravity.
20.  Mull vector.
21. Mo

24 i _
22. o="2—Tradn’
12 6

23. Gravitation force of sun.

1 MARK

24. What is the unit vector perpendicular to the plane of vectors g and g7

25. What is the angle between [ﬁ—l—ﬁ} and (A xé]?

ANSWERS

S
I
I=|
ks
mi

24,

-
*
mi

25 90°

2 MARKS

1. What are positive and negative acceleration in straight line motion?

2. Can a body have zero velocity and still be accelerating? If yes gives any
situation.
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3. The displacement of a body is proportional to £, where t is time elaps
What is the nature of acceleration- time graph of the body?

5. Suggest a suitable physical situation for the following graph.

Velocity (v

\T\\\\

P\\\' o » time

6. An object is in uniform motion along a straight line, what will be position
time graph for the motion of the object if

(i} x, = positive, v = negative H is constant

(i) both x, and v are negative |§| is constant

where x, is position at t = 0

ANSWERS

1. If speed of an object increases with time, its acceleration is positive.
{Acceleration is in the direction of motion) and if speed of an object
decreases with time its acceleration is negative (Acceleration is opposite
to the direction of motion).

2. Yes, at the highest point of vertical upward motion under gravity.

3 assat?=s=k?

d
velocity V = d—: = 3kt*

v
acceleration a = — = 6kt

dt
ieaat

= motion is uniform, accelerated motion. a — t graph is straight-line.

A ball thrown up with some initial velocity rebounding from the floar with
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X X
(i) t (i) t
—Xp
7. A vector a is turned through a small angle do without a change in its

length. What are ‘&5| and Aa

8. What will be the effect on horizontal range of a projectile when its initial
velocity is doubled keeping angle of projection same?

9. The greatest height to which a man can throw a stone is h. What will be
the greatest distance upte which he can throw the stone?

10. A person sitting in a train moving at constant velocity throws a ball vertically
upwards. How will the ball appear to move to an observer.

{iy Sitting inside the train
(i) Standing outside the train
11. A gunman always keep his gun slightly tilted above the line of sight while

shooting. Why?

ANSWERS
?.|aa=a& Aa=0

~ u?sin20 2

g R = Rau

Range becomes four times.

u® sin® o
2g

9. Maximum height ; H

2
> Hypax — —— — h{at 0 - 90°)
Max 29 !
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u
Max. Range R, = E 2h

10. (i) Vertical straight line motion
(i) Parabolic path.

11. Because bullet follow parabolic trajectory under constant downward
acceleration.

2 MARKS

12. Is the acceleration of a particle in circular motion not always towards the
centre, Explain.

Ans. Mo, acceleration is towards the centre only in case of uniform circular
motion.

3 MARKS
1. Derive the relation
a
St U+E(2n—13

where S, = distance travelled in n" second
a = Uniform acceleration
u = Initial speed

2. The velocity time graph for a particle is shown in figure. Draw acceleration
time graph from it.

30
Velocity
{m/s)

10

0 2 4 6 B8 timels)
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Draw position-time graphs of two objects, A and B moving along a sivaight
line, when their relative velocity is

(i} =zero

4. For an object projected upward with a velocity v, which comes back to the
same point after same time, draw

(il Acceleration-time graph (i) Position-time graph

(i)  Velocity-time graph

ANSWERS
b
10
1
2 2 4 5
_10__
— B A
2
=
A=)
.§1‘
3. o
time (t) —
g
a o0 :
L
- y 2,
g
x 0 2l 21, — total time of the Journey
ty 1=
4 X, = highest position.
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3 MARKS

5. Two vectors A and B are inclined to each other at an angle 8, Using
triangle law of vector addition, find the magnitude and direction of their
resultant.

6. Establish the following vector inequalities :
(i) |é+tl‘<: |é|+‘|:§‘
i) |a+8=[a]- o]

7. A body is projected at an angle 0 with the horizontal. Derive an expression
for its horizontal range. Show that there are two angles 0, and 0, projections
for the same horizontal range. such that 0, + 0, = 90°

8. Prove that the maximum horizontal range is four times the maximum height
attained by the projectile, when fired at an inclination so as to have maximum
range.

9. Show that there are two values of time for which a projectile is at the same
height. Also show that the sum of these two times is equal to the time of
flight.

10.  Derive the relation between linear velocity and angular velocity in a uniform
circular motion

5 MARKS

1. Derive the following equations of motion for an object maoving with constant
acceleration along a straight line using graphical method.

(il v=u+at
1 2
ii = ut<+—at
iy S=u 26\
(i) v =u?+ 2as

Where symhbols have usual meanings.
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A projectile is projected horizontally with a velocity u. Shm-.f that its lraJ tory
is parabolic. And obtain expression for

(iy time of flight
(i) horizontal range
(i) wvelocity at any instant,

3. Define centripetal acceleration. Derive an expression for the centripetal
acceleration of a particle moving with constant speed v along a circular
path of radius r.

NUMERICALS

1. The V-t graphs of two objects make angle 30° and 60° with the time axis.
Find the ratio of their accelerations.

2. When the angle between two vectors of equal magnitudes is 2¢/3, prove
that the magnitude of the resultant is equal to either.

3. f A=23+4] and B = 7i — 24j, find a vector having the same
magnitude as g and parallel fo & .

4. What is the angle made by vector A — 2i - 2]‘ with x-axis?

5. What is the vector sum of n coplanar forces, each of magnitude F, if each

211
force makes an angle of e with the preceding one 7

B. A car is moving along x-axis. As shown in figure it moves from 0 to P in
18 seconds and return from P to Q in 6 second. What are the average
velocity and average speed of the car in going from

() OtoP

{iiy from o to P and back to Q.

0 40 80 240 280 360 Position=-+
> X-axis

o 2 4 Q12 14 1EF' time -
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a, tan30 143 1

i - 1:3
' %, tane0 3 3

2. R=(P2+ Q2+ 2PQ cos0)'?

12
= [P2 ~P2 4 EP.PCGS%]

12

—2P2+2P2[?] - P
3 ‘E|—¢32*42—5
2 A 34
BT
also B = 77 L 242 _ 25
(3i + 4)

desired vector — ‘E‘E _ 251 7
5 [:{i + -4]} 15i + 20j

1

4, 0 =tan = 45°

ha| ha

5. Resultant force is zero.
6. (i Oto P Average velocity = 20 ms™
average speed = 20 ms™
{i) o to P and back to Q
Average velocity = 10 ms™

Aver. g::lfspeed = 20 ms™
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NUMERICALS

8. On a 60 km straight road, a bus travels the first 30 km with a uniform
speed of 30 kmh~'. How fast must the bus travel the next 30 km so as to
have average speed of 40 kmh™ for the entire trip?

9. The displacement x of a particle varies with time as x = 48 — 15t + 25.
Find the position, velocity and acceleration of the particle at t = 0.

10. A driver take 0.20 second to apply the breaks (reaction time). If he is
driving car at a speed of 54 kmh™' and the breaks cause a deceleration
of 8.0 ms2, Find the distance travelled by car after he sees the need to
put the breaks.

11. A body covers 12 m in 2" second and 20 m in 4" second. How much
distance will it cover in 4 seconds after the 5" second.

12. A ball thrown vertically upwards with a speed of 19.6 ms™" from the top of a
tower returns to the earth in Bs. Find the height of the tower (g = 9.8 m/s?)

13. Two town A and B are connected by a regular bus service with a bus
leaving in either direction every T min. A man cycling with a speed of 20
kmh~' in the direction A to B notices that a bus goes past him every 18
min in the direction of his motion, and every 6 min in the opposite direction.
What is the period T of the bus service and with what speed do the buses
ply of the road?

ANSWER
3 V :S1+52: S"S :2V1V2
. avg ty +t, Si_i Vi + Vs,
Vi Yy
2% 30 % v, _ 1
or 40_W:-V2_Eﬂkmh
9. position x = 25 m
velocity v i—’: v - —15ms
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11.

12.

13.

14.

15.

16.

(distance covered during 0.20 s) +
{distance covered until rest)

= (15 x 0.20) + [18.75] = 21.75 m

(2x2 1}::>4-Ea:12

Spnd:u' 2

ma|

a ri
Ziowd_1) 44+ —a =20
L= u+2( x )= a4+

1 1

= U = 6ms and a = 4ms

at

na| =

According to question = 5g — &, [5 = ut +

=136 m

1
using s ut + Eat

h=196x6+ 2 x(-98)x62

h = 58.8 m

V=40 kmh™' and T = 9 min

NUMERICALS

A motarboat is racing towards naorth at 25 kmh™' and the water current in
that region is 10 kmh™' in the direction of 80° east of south. Find the
resultant velocity of the boat.

An aircraft is flying at a height of 3400 m above the ground. If the angle
subtended at a ground observation point by the aircraft position 10 second
apart is 30°, what is the speed of the aircraft?

A boat is moving with a velocity [ST - 4]] with respect to ground. The
o T
water in river is flowing with a velocity ( 3i — 4j | with respect to ground.

What is the relative velocity of boat with respect to river?
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A hiker stands on the edge of a clift 490 m above the gruund and t

a smne horizoentwmly wih an il speed of 15 ms . Neglectlng air
resistance, find the time taken by the stone to reach the ground and the
speed with which it hits the ground (g = 9.8 ms™)

18. A bullet fired at an angle of 30° with the horizental hits the ground 3 km
away. By adjusting the angle of projection, can one hope to hit the target
5 km away? Assume that the muzzle speed to be fixed and neglect air
resistance.

ANSWER

14. WV =218 kmh™
angle with north 6 = 23.4°

15. Speed = 182.2 ms™'

16, Vgw = Vg — Vi

= 6i + 8

17. time = 10 seconds

V=7 vt =157 98 = 99.1ms

18. Maximum Range = 3.46 km

So it is not possible.

NUMERICALS

19. A stone tied to the end of a string 80 ecm long is whirled in a horizontal
circle with a constant speed. If the stone makes 14 revolutions in 25
seconds, what is the magnitude and direction of acceleration of the stone?

20. A cyclist is riding with a speed of 27 kmh™'. As he approaches a circular
turn on the road of radius 30 m, he applies brakes and reduces his speed
at the constant rate 0.5 ms2. What is the magnitude and direction of the
nel acceleration of the cyclist on the circular turn?

Downloaded from www.studiestoday.corr




Downloaded from www.studiestoday.corr
ANSWERS

19,

20.

21.

22,

23.

21.

22,

w ﬁrr:u_‘ls1 W E —ETN
25 T t

a=991.2 cms=2

2

v -2
dg = — 0.7 ms

a; = 0.5 ms=

a=a,  +ar’ = 086ms -

If 0 is the angle between the net acceleration and the velocity of the
cyclist, then

-1 4a —
0= tan ' 2S — tan~ (1.4) — 54°28°
a-|- ’

NUMERICAL

If the magnitude of two vectors are 3 and 4 and their scalar product is 8,
find angle between them.

Find the value of 4 so that the vector A — 2 +)j + k and
B = 4i - 2] - 2k are perpendicular to each other.

If i and j are unit vectors along X and y-axis respectively, then what is

the magnitude and direction of |  j and i - j.

ANSWERS

AB = ABcos#
or 6 = (3 % 4) cos 0

or B = 60°

“ALB=AB=0
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