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02 Force and Motion

STUDENT’'S LEARNING OUTCOMES (SLO’s)
After studying this unit, the students will be able to :

w Differentiate between scalar and vector quantities

w  Represent a vector in 2-D as two perpendicular components.

w  Describe the product of two vectors (dot and cross-product) along with their properties.

n  Derive the equations of motion [For uniform acceleration cases only. Derive from the definitions of velocity and acceleration
as well as graphically] ;

w»  Solve problems using the equations of motion [For the cases of uniformly accelerated motion in a straight line, including the
motion of bodies falling in a uniform gravitational field without air resistance. This also includes situations where the
equations of motion need to be resolved into vertical and horizontal components for 2-D motion]

w  Evaluate and analyse projectile motion in the absence of air resistance
[This includes solving problems making use of the below facts:

() Horizontal component (Vy)of velocity is constant.
(i) Acceleration is in the vertical direction and is the same as that of a vertically free falling object.
(iii) The horizontal motion and vertical motion are independent of each other Sltuatnons may requrre students to determine
for projectiles: «
- How high does it go?
~ - _How far would it go along the level land?
- Where would it be after a given time?
= How long will it remain in flight?
Situations may also require students to calculate for a projectile launched from ground height the
& launch angle that results in the maximum range.
- relation between the launch angles that result in the same range ]

A  Predict qualitatively how air resistance affects projectile motion. [This includes analysis of both the horizontal component and
vertical component of velocity and hence predicting qualitatively the range of the projectile .

a Apply the principle of conservation of momentum to solve simple problems [Including elastic and melastlc interactions
between objects in both one and two dimensions.

- _ Knowledge of the concept of coefficient of restitution is ot required.
Examples of applications include: |
- karate chops to break a pile of bricks © i
- carcrashes - o £
- ball & bat ‘
- the motion under thrust of a'rocket in a straight Ime considering short thrusts during which the mass remains constant]

w  Predict and analyse motion for elastic collisions [This includes making use of the fact that for an elastic collision, total kinetic.

energy is conserved and the relative speed of approach is equal to the relative speed of separation] :
W Justify how the momentum of a closed system is aha'lays conserved, some change-in kinetic energy may take place.

2.1 SCALARS

g‘z Define scalar and vector quantities. Also give their examples.

Ans. Scalar Quantitis:
Definition

The Physical quantities which can be described .only by thevr numencal value without direction are called scalar
quantities.
Examples: Mass, distance, speed, tlme energy, temperature etc
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Vector Quantities
Definition
The physical quantities which can be described with both numerical value and dire
quantities.
Examples: Displacement, velocity, acceleration, force, etc.

|g 2. How a vector is represented graphically? Given an example.

Ans. Graphical Representation of a Vector , pE
A graphical representation of a vector shows the vector with an‘ arrow in a Y/
coordinate system. The length of the line represents the magnitude- (size) .
of the vector, and the direction of the arrow indicates the direction of the '
vector. £

A
ction are called vector

Example: Consider a vector P of magnitude 5 cm, which makes an angle A

. - i ‘
6 equal to 45° along the x-axis. This vector P graphically can be :
represented as REvs ' 45

> ¥-axis

Fig. 1

2.2 VECTORS

'g 3. What are rectangular components of .a vector? How a vector can.be determined from its
rectangular components? :

Ans. Component of a Vector

Definition
A component of a vector.is its effective value in a given direction.

Rectangular Components of a Vector

Definition :

The components of a vector which are mutually perpendicular to each other are called its rectangular
components.

Explanation : , B
Consider a vector A represented by a line OP-making an angle 8 with the x- }
axis. Draw projection OM of vector A on x-axis and projection ON of vector
A on y-axis. Projection OM being along x-axis is represented by A, and
projection ON along y-axis is represented by A,. By applying head to tail
rule: . ¢ 5 ; :

. A'=A,+A}, _ i A . A M X
Fig. 2

Thus, A, and Ay are the components of vector A. Since these are at right angles to each other, they are called
rectangular components of vector A.

Considering the right angled triangle OMP, the magnitude of A, or x-component of vector A is:

A, =Acosb ”
And the magnitude of A, or y-component of vector A is:
A, =Asing

Determihation of a Vector from its Rectangular Components

If the rectangular components of a vector as shown in Fig. (2) are given, we can find out the magnitude of the
vector by using Pythagorean theorem. '

In the right angle AOMP: o
(OP)2 = (OM)? + (MP)?

2 2
or A2=Ax+Ay

or A ='\’A,2r +A;
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The direction 6 1s given by

- MP A
tan 0 = oM~ A, |
n
or 0 = tan ’(Z“j

equal to the magnitude of either of these forces,

resultant will be; ‘
Re = Fycos 0% + F, cos ()
Re=Fy + Fycos 0
And y-component of their resultant is
' Ry = Fysin 0%+ F, sin 0
R, = F,sin 0
The resultant R is given by

Ré = Ri + R;
‘AS R= F1 = F;: = F
Hence F? = (F + F cos 0) + (F sin 0)?
F2= F 4 F2cos? 0 + 2F2 cos 0 + F2 sin?
or 0 = 2F% cos 0 + F? (cos? 0 + sin? )
or 0=2Fcos0+F , 0=F (2cos0+1)
As ; F#0
So 2cos0+1=0
or cos 0 = 0.5
or 0 = cos™' (-0.5) = 120° Ans.

Example 2.1: Find the angle between two forces of equal magnitude when the magnitude of their resultant is also

Solution: Let 0 be the angle between two forces Fy and F,, where Fyi

s along the x-axis. Then x-component of their

cos? 0 + sin’ 9 = 1)

(o

Mathematically, the unit vector is given by
A A=A4 B A=A/ A
© A=Al d N (D) None of these
A single vector having the same effect as all the
original vectors taken together is called:

" (A) Resultant vector v (B) Position vector
(C) Equal vector (D) Unit vector

3,  Which one is a vector quantity?
(A) Length -~ (B) Velocity v
(C) Volume (D) Work
4.  When two vectors are antiparallel, the angle between
. themis:
- (A) Zero (B) 90°
(C) 180° v (D) 270°
5. Which one is a vector quantity?
(A) Power” (B) Entropy
(C) Inertia (D) Tension v
6. The magnitude of vector A will be:
(A) Zero (B)1 -
() A DAY

7. The unit vector in the direction of a vector A is: -
WA= (B)A = AA
(C)A=%\/ oA=2
. A
8. A vector in space has corﬁponents: A
(A2 B3V
©4 (D) 5
9. The magnitude of rectangular components of a
vector are equal if its angle with the x-axis is:
(A) 30* (B) 45° v
(C) 60° (D) 9° :
10, If two unit vectors perpendicular to each other are
added, the magnitude of the resultant is:
() 2 B2 v
[] 1 '
_ (C)'\/';' " (D)4
‘11, If a vector of magnitude 10N is along y- axis, its
component along x-axis is: ,
(A) Zero v/ (B) SN
(C) 8.66N . (D) 10N
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12,

13,

14,

15.

16.

17.

"18.

19.

20.

21.

22,

23,

24,

_’ -
If la + b] = |a - b), then the angle between a and b
is:

(A) Zero

(B) 45°
(€) 90° v~

(D) 180°

The. angle betwcen rectangular components of a
vector is:

(A) 60°

(B) 90° v*
(€)180°

(D) zero
- =2 -

The magnitude of a vector A = A, - Ayis:

A VAA) + A2 v (B) (A2 - Ay

(C) (A% + (Ay) (©) V(A2 - (Ay)?

The resultant of two forces 30 N and 40 N acting
parallel to each other and in the same direction is:

(A) 30N (B) 40N

(© 70N v/ (D) 10N

The resultant of two forces 3N and 4N acting at nght
angle to each other is:

(A) 5N v~ (B) 6N

(€ IN (D) 7N

The resultant of two forces 5N and 12N making an
angle of 90° with each other is:
(A) 17N (B) TN

(OREIRVE (D) 15N

> . ;
If a vector A makes an angle of 0° with x-axis, its
x-component is equal to:

(A) A cos @ (B) A? s

AV (D) Assin 6

Maximum number of components of a vector may
be:

(A) One (B) Two

(C) Three (D) Infinite v

The resultant of two forces 3N and 4N acting parallel
to each other in the same direction is:

(A) IN V' (B) 1IN
(C) 5N (D) 4N

e ¥
1f both components R, and R, of a resultant vector R

are negative, then angle “9" of 7?’ with x-axis will be:
(A) 0 = 270° (B) 180° < 6 > 270°
(©180°< 0 <270° v (D)0 <270°

A force of 10N makes an angle of 30° with y-axis. The
magnitude of x-components will be:

(A)SN Vv (B) 8.66N

(C) 10N - (D) Zero

Magnitude of the resultant vector of 6N and 5N
which are perpendicular to each other is:

(A) 14N (8) 10N v~

(C) 20N (D) 2N

Minimum number of unequal forces whose vector
sum s zero are:
(A) 5

©) 3

“(B) 4.
‘(D)Z‘/

» | 25,

26.

27.

28

29.

30.

31.

32.

33,

34,

35.

36.

37

————

Resultam of two perpendicular vectors each of

magnitude A Is:

(A) A ®) 24 v/

(© A2 (0) A

The vector X has components Ax and Ay, the
magnitude of Ax Is given by "

(A) A-Ay (B) (A-Ay)

(C) (A-A)" (D) (A*-A)" v

Which of the following pair of forces give the
resultant force zero?

(A) 2N & 2N v* (B) 1N & 2N

(C) 2N & 5N (D) IN & 2N

The sum of two perpendicular forces 8N and 6N is;
(A) 2N (B) —14N

(€) 10N v~ (D) -2N".

' -
If AB sin @ = AB cos@ then the angle between A ang
2 \

B is: ‘
(A) 30° (8) 45° V7
(C) 60° (D) 90°

If the resultant of two vectors, each of magnitude ‘F,

is also of magnitude ‘F' then the angle between them
will be:

(A) 30°
(C) 90°

(B) 60° :
(D) 120° v o

If a force of 10N is acting along x-axis, then its -

component along y-axis is:

(A) Zero vV* (B) 5N

(©)10N (D)1S N

Réct'angular components have angle between them: -
(M) 30° (B) 45° .

(C) 60° (D) 90° v

Two forces of magnitude 10N each, their resultant is
equal to 20N. The angle between them is:
(A) 180° ~ (B)30°

(C) 90° D) 0° v~

If the two components of a vector are equal in

magnitude, the vector making an angle with x-axis
will be:

A~
(A) 30° : (B) 45°
(C) 60° .

(D) 90°

The effective value of a vector in a given direction is
called:

(A) Component of a vector \/
(B) Honzontal vector

(@) Vertical Vector (D) None of these '

A force of 15 N makes an angle of 90° with x-axis, its
y-component is:

(A)I5 N

(B) Zero N \/
Q30N

"(D)45 N

A force of 10 N makes an angle of 30° with x-axis its
x-component will be: :

(A)SN\/

(@) :/“-ng

(B) 866

D) 1042 N

-
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38. The resultant of two perpendicular vectors each of (C) 60° (b) 90°
?;;ainltudeA is: —_— 40, Th.e resultant vector ?f two mutually perpendicular
unit vectors has magnitude:
©\2A Y (D) A2 (A) Unity ~ (B) Zero
39 J:ﬁlzc;‘r:p;nge':taa_loang y-axis is half of the maximum ©\2 v (D)_,\!}‘E
(a) 0° (8) 30° v

2.3 PRODUCT OF TWO VECTORS

[g 4. Define and explain scalar product of two vectors. Write down its characterlstu:s Also glve
examples. '

Ans. Scalar Product
Definition

If the product of two vectors gives a scalar, then that multiplication of vectors is called dot product or scalar
product of two vectors. §

Scalar product can be found by taking the component of one vector in the direction of the other vector and
multiplying it with the magnitude of the other vector.

Explanatlon
The scalar product of two vectors A-and B is wrrtten as A.Bandis defrned as; 5
AB=ABcosH

.where A and B are the magnrtudes of vectors. A and B and 6 is the angle
between them.

For physical interpretation of dot product of two vectors A and B, these are -

first brought to a common origin; Fig. 3(a) then, y

s

'
[
H
[
s
]

Bcos0 i
: >

A.B = A (projection of B on A) \ ' : i %
Fig. 3 (a)

Or A.B = A {magnitude of compOnent of B in the diréction of A); Fig. 3(b) .
=A(Bcos6) =ABcos 9

Similarly - B.A =B (A cos 6) = BAcos 6

This type of product when we consider the work done by a force F whose

point of application moves a drstance di ina direction making an angle 6 with

the line of action of F; Fig. 4.

Work done = (Effective compdnént of force in the direction of motion) x Distance moved
= (Fcos8) d = Fd'cos © : e
Using vector notation:" > 4 . : i
F.d = Fd cos 8 = Work done ‘ % .

Characteristics of Scalar Product oA o _
(i) Since A.B = Al cos B and B.A = BA cos 6 = AB cos 6, hence, A.B = B.A. The order of mulﬁplicatron is irrelevant.

In.other words, scalar product is commutative.
(i) The scalar product of two mutually perpendicular vectors (G 90") is zero.
A.B=ABt0s90°=0 - _
(i) The scalar product of two parallel vectors is equal to the product of therr magnitudes. Thus, for parailel vectors
©=0° _ . : -
: AB= ABcosO°=AB. o

- For antrparallel vectors (6 = 180°) i
" -AB= ABcos‘lBO AB.
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(i) The self product of a vector A is equal to square of its magnitude.
A.A = AA cos 0° = A?

(v)  Scalar product of two vectors A and B in terms of their rectangular components
AB=AB +A,B, +A,B,

Equation (2.6) can be used to find the angle between two vectors. Since,

AB=ABcos8=A,B +AB, +A;B,

AB,+AB, +A,B,

AB

Therefore cos 9 =

Examples of Scalar Product
" (i) Work done by a force

W<=TF.d=Fdcos6
If you push a box with a force of 10 N at an angle of 30° to the horizontal, and it moves 5 m, the work done is 5
‘scalar product of force and displacement.

(i) Power :

As P=F.V=Fvcos®
If a force 10 N acts on a body and it starts to move with a velocity of 5 ms™along the horizontal, the power is 3
scalar product of force and velocnty

5. Define and explain vector product of two vectors. Discuss important characteristics of vector
) products. Also give examples. :

Ans. Vector Product
~ Definition

If the product of two vectors gives a vector, then that multiplication of vectors is called cross- product or vector
product of two vectors. :
Explanation

The vector product of two vectors A and B, is a vector which is defined as:
AxB=ABsinon

where A is a unit vector perpendicular to the plane containing A 2 AAXB
and B as shown in Fig. 5(a). Its direction can be determined by - ey ' .
right hand rule. For that purpose, place together the tail of vectors n * A

. A and B to define the plane of vectors A and B. The direction of .
the product vector is perpendicular to this plane. Rotate the First
vector A into B through the smaller of the two possible angles and
curl the fingers of the right hand in the direction of rotation,
keeping the thumb erect. The direction of the product vector will
be along the erect thumb; Fig. 5(b). Because of this direction rule,
B x A is a vector opposite in sign to A x B; Fig. 5(c). Hence, v 3 Fig.-5(a)

- . AxB=-BxA ‘

: ; 9 e
\ XA ; : A

Fig. 5(b) | Fig..5(c) Fig. 5(d)

Characteristics of Cross Product _
(i) Since A x Bis not the same as B x A; the cross product is non commutative. so,
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AXDZDXA
The cross product of two perpendicular vectors (0 = 90%) has maximum magnitude.
A
A B = ABsin90°n = AB i

The cross product of two parallel or anti-parallel vectors 1s a null vector, because for such vectars 6 = 07 ar 180°
Hence,

\II\

()

AxB=ABsn0°A=0 or AxB=ABsin180°n =0
As a consequence A x A =0 (0 = 0°)

The magnitude of A x B is equal to the area of the parallelogram formed with A and B as two adjacent sides
(Fig. 2.4-d).

Examples of Vector Product

(0 When a force F is applied on a rigid body at a point whose position vector is r from any point on the axs about
whm(l; éhe body rotates, then the turning effect of the force called the torque t is given by the vector product of
randF.

Thus t=rxF -
() The force F on a particle of charge g and veloc:ty v in a magnetic field of strength B is given by vector product
of vand B.
Thus F = q (v xB)
mw
Y z:;t ;r:)duct kb i wn:E)u;sAelf - 0. The projection of A in the direction of Bis:
@AY (D) A (A) B Cos0 (B) AB Cost v/
- (C) ACoso . (D) ASInD

2. It two non-zero vectors A and B are parallel to each | 11, Dot product of two antiparallel vectors A and B is:
Othst; Trien: ¥ * (A) AB.Cosh (8) AB
(A)A B =0 B)AB =AB YV (©0 (D) AB Vv

o T 12.  Scalar product of two mutually perpendicular vectors
C)|A - B| = AB (D)|A - Bl =AB »
R 1 A and B is:
3. _If the magnitude of A.B = 5 AB, then the angle (A) AB Costr @1
R (€) AB Sint) (D)0 v
between A and B is: . 13. Both the dot product and cross product of two
YC\; Zg\ 4 ‘(?))', ;% vectprs 3 a.nd é Is zero when:

4. If the angle between two vectors with the magnitude (A) A and B are parallel to each other
12 and 6 is 60°, then their scalar product is: (B) A and B are ant parallel
(A) 6 By 12 (C) A and B are perpendicular to each other
Q) 24V (D) None of these (D) Either the vector is zero v

5.  The scalar product of two vectors is maximum when | 14,  The vector product (A x A) is:
they are: (A0 (8)1
(A) Parallel v* (B) Perpendicular (€A D)0 v
(C) Null vector (D) Anuparallel 15. The magnitude of vector product of two non-zero

6. Projectloln o 3 , 3 z o ] vectors _A and B making an angle 0 w.ith each other is:

(A) AB sind v/ (B)A + Bsing
A Ao b (C) AB cos0 (D) AB
(C) A sinb (D) B sind v ¢
16. The magnitude of dot and cross.product of two

7. The dot product of A with itself is equal to: . vectors are 6\[3 and 6 respectively. The angle
(A)A ® AV between them is:

(C) Zero (D) 2A (A) 0° (8)30° v

8. Scalar product of force and velocity is called: (C) 45° (D) 60°
(A) Work v (B) Power 17. The magnitude of dot and cross product of two
(C) Energy (D) Acceleration vectors are equal when angle between them is:

(A) Zero (8) 45° v

9.  Self dot product of a vector A isz (€) 90° ‘ D) 270°
(A) A (B) AV 18. The cross product of a vector A with ltself has the
(C) Zero D)8 magnitude:
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I e —+

(A) A (B) 1 tors A i
(€) A* (D) Zeto v/ 23, If cross product of two vectors %x B points alﬂng
19.  An area of parallelogram formed by A and 8 two positive z-axis, then the vectors Aland B must lie in;
adjacent sides Is given as: (A) yz-plane (B) xz-plane
(A) AB sino v~ (B) AB cast) (C) zy-plane v (D) No plane -
(C) A8 tane (D)A . B 24, If the magnitudes of scalar\jgroducts and vecto,
AxB : ctors are 2\/3 and 2 respecti
S ek = (0 thenangle betVAMIhEVeRGR W fl::::;tleoltettv\::ezethe vectors is: PR
(/?) 9‘())" (B) 450° (A) 30° v - (B) 60°
(€0 v (D) None of these (C) 120° (D) 180°
21. ABsinon his: : o
sz"z( ‘nzx GRS 2 25. lfz X E is along y-axis, then Z and B are in:
(A) A252 s/:n 0 (B) A’ B ) wgeilans (8) yz-plane
(C) A%B? 7 D)0 v (C) Space (D) xz-plane v’
- - - -~
22.  Three vectors A, B and C satisfy the relation A.B = 0 | 26, The cross product of two antiparallel vectors A and B is:
- -
and A.C = 0, the vector A Is parallel to: . (A) AB Cos0  (B) AB
- (©0v . (D)-AB
(A) B (B) C
2> =2 - -
(©8.C (D)B x C v

- 2.4 EQUATIONS OF MOTIONS : ; s

lg 6. Derive first equation of motion by graphical method.

Ans. Derivation of First Equation of Motion - :
Suppose a body is moving with uniform acceleration along a straight line with an initial velocity v;. Suppose its
velocity changes from initial value v; to a final value iy in time interval t. Then the acceleration produced in the

body during this time interval is given as:

V=V
a-= :
t (
Rearranging, we can write s
vi-v,=at '

This is the first equation of motion. It correlates the final velocity attained by a body w:th lnlt|a| velocity and the

time intervalt, when moving with constant acceleration a.
Derijvation of First Equatlon of Motion by Graphically
First equation of .motion can be derived using velocity-time graph for an obJect moving with initial velocity v;

final velocity vr and constant acceleration a.
Let the velocity of a body at point A be v; which changes to v; at point B in time interval t; Fig. 6. A perpendlcular
BD is drawn from point B to x-axis and another perpendicular BE from B on y-axis, such that

OA = v; = Initial velocity of the body .

OE = DB = v; = Final velocity of the body = TR e ah
From the graph, it can observed that; T £ T
] " DB=DC+CB . L g|. '5."'
DB= OA+CB - (As OA'= DC) 3 : s
Therefore Vp=CB + v, ' ey s A TEse iC l
The value of CB in the above equatlon can be determined by taking the B ey . B
slope of fine AB, which is equal to accelerationa. : " Fig. 6: Velocity-Time Graph
e Yo
As AC =
\ c8
So a="7
or CB =at .

Combining Egs. (2.12) and’(2.13), we have
V= v +at
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This is the first equation of motion.

7.

Derive second equation of motion of graphical method.
Ans. Second Equation of Motion

Suppose a body is moving with uniform acceleration a along a straight line with an initial velocity v;, which

become vy, after time interval t. Let it covers a distance S in a particular direction during time t, then using thé
definition of velocity as rate of change of displacement, we can write

Velocity = Displacement / Time
or  Displacement = Velocity x Time

If velocity of the body Is not constant, we can use average veioctty instead of veIocnty
Thus Displacement = Average velocity x Time

- (Init i
Displagsment = (Initial velocity + Final velocity)

> x Time
(vi + v
S= 5 xt
Using first equation of motion, :
: ¥ (vi+vi+at)
(2v; + at)
= —T—‘x t
2S=2v t + at2 |
S=vt+ at2

This is the second equabon of motion.
Derivation of Second Equation of Motion Graphically

Second equation of motion can be derived using velocity-time graph for a v
body moving ‘with initial velocity v; which attains a final value v, in time. E :B
interval t. Whlle.movmg with constant acceleration g, it covers a displacement’ T T
Sintimet. - 3 o
It can be seen from the graph that dlstance travelled by the body is, S=vx t 3 t

_ Also S - Area of the figure OABD A I l

T D T % = (Area of ‘the rectangle OACD) + (Area of the & PO

triangle ABC), - . g £ ; it '

Fig. 7: Velocity-Time Graph
(OA X OD) o+ (AC 3 BC) :

As: = OA=v; and OD/= AC ='T. So the above equat(on becomes:
S_vxt+2(tXBQ a3

Here BC = at (From graphlcal representatlon of first equatlon of motlon) By puttmg thIS vaiue in the above;
equation; we have
1
S=yt +E (t x ot)
: 1 :
Sy g ._S:v,-tv»té‘atz-

“{ This is the second equation of motion. _ .
8. Derlve third equatlon of motion by graphlcal method.

Ans. Derwatlon of Third Equatlan of Motlon

Consider a'body moving along a straight line with an initial veloaty v, which attains a final value v, in time t. Let
the dlsplacement of the body be S dunng th:s time interval. Then, we can write:
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initial velocity + Final velocity
2
(v. + v,
S= '_z‘i x t
25 = (v, + v x t
Using the first equation of motion:
i=v, +at

Displacement = ( ) x Time

Vi- v,
a
Putting the value of t in Eq. (2.15)

Ve— ¥,
E:(V‘QVA(-L;_I)

or =

2 2
2aS = v -V,
This 15 the third equation of motion.
Derivation of Third Equation of Motion Graphically:

In the speed-time graph Fig. 8, the total distance § travelled by a body is given by the area OABD under the
graph, such that

1
§= E(Sum of parallel sides) = Height

1
S='2‘(OA¢BD)xOD

Since OA=vy, BD=v, and OD = ¢
The above equation becomes:

1
S= 3 (v, +v)xt
From first equation of motion

E
1
l=u f I} —1 {
a A ;C

Putting t in above equation =

s=%(vf+ «,)L'-"f-'g Fig. & Velocity-Time Groph
A w-v
or S=5(V’+ VJ_L;—

- 2
2a8 = V-V,
This is the third equation of motion.

9. Define acceleration due to gravity and state the use of equations of motion.

Ans. Acceleration due to Gravity
Acceleration due to gravity is the rate at which an object accelerates when it falls freely towards the Earth under
the influence of gravity alone.
In the absence of air resistance, all objects in free fall at the surface of the Earth, move towards the Earth with a
uniform acceleration. This acceleration is known as acceleration due to gravity, denoted by g and its average
value at the Earth's surface is 9.8 m 572 in the downward direction.

Use of Equations of Motion:

The three equations of motion are fundamental in physics for describing the motion of objects under uniform

acceleration. These equations relate displacement, velocity, acceleration, and time, and they are used in solving

problems involving linear motion. :

These equations of motion can only be applied to those objects, which are moving in a straight line with
 constant acceleration.
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Example 2.2: A car travelling at 10 ms~ accelerates uniformally at 2 m s°2 Calculate its velocity after 5 5.

Solution!
Glven that;
v, = 10 ms™'
a=2ms?
; t=5s
To Find: )
v =1
Calculations:
Using first equation of motion, we can write;
Ve=v +at

Putting the values
v, =10ms™ + 2ms2 x 55 T
r=10ms™ + 10 ms™
v, =20 ms™ Ans,

Example 2.3: A car travels with initial velocity of 15 ms™', It accelerates at a rate of 2 ms™ for 4 seconds Find the
displacement of the car.

Solution:

Given that;
v,=15ms™
a=2ms? ' 1

X t=4s

To Find: -

. Displacement S = 7
Calculations:

By using 2™ equation of motion
1
S=v;t+5al
Putting the values

1
= (15ms™ x4 5) + 52 ms?) (4s)?
S 76 m Ans. €

Example 2.4: In a short distance race, a contestant in a car starts from rest and reaches the velocity of 300 km h,

after covering a distance of 0.45 km at a constant acceleration. Find this constant acceleration.
Solution: '

‘. Given that;
Pl e, - Initial velocity = v, = 0
Final velocity = v, = 300 km h-!

300x 1000
I 60x60 ™
= 83.33 ms™! :
Distance covered = S = 0.45 km = 0.45 x 1000 m = 450 m

To Find:

Acceleration =a = ?

Calculations:

Using third equation of mation, we have
v,z -vt=2as$

Putting the values

(83.33 ms )2 - (0)* =2 xax450 m
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6943.88 m?s?
9= 900m
a=772ms? Ans.

) 2.5 MOTION UNDER GRAVITY

@ Write down the three eq-uations of motion for freely falling bodies.

Ans. Motion Under Gravity . 4 4 e I e
When an object moves under the influence of the gravity force, its motion is known as a motion under gravity,

The gravity of the Earth, pulls the object toward it with an acceleration of 9.8 ms~, which is knqwn as
acceleration due to gravity.
The equations of motion for a freely falling body, on putting a = g, become:

y=vi+gt sisacinn (1)
1 r .-

S=h=vit+5g¢t , I (1)

Vi ~v, = 2h =i i (iii)

Example 2.5: An iron ball of mass 1 kg is dropped from a tower’ The ball reaches the gr0un_d in 3.34 s_Find: (a) the
velocity of the ball on striking the ground, (b) the height of the tower, : , :
Solution: Since the ball is falling under the action of gravity, we shall putt @ = g in equations of motion;

, Given that: '

Mass of the ball m=1kg

Time taken to reach. ground t = 334

Initial velocity v,=0

Acceleration ‘ a=g=98ms?
To Find:
(@)  Find velocity V=72
{b) Height of tower h=7?
Calculations; g
(@)  Using first equation of motion:

V=V, + gt -

V,=0+ (9.8ms?) (3345
: v,=327ms™ Ans.
(b)  Using third equation of motion:-
v -v?=2gh 4
(327 ms™ - (02=2x98ms2xh
: o 069.29 m? 52 _ i . i it
N 0 E et 3 . B2 : \ : 5
19.6 ms _ ¥ % A

h=5456m Ans. : B i —

1. * A bullet shot straight up returns to its startir!g point .| 3. The-'eqqations of mot
in 10s, its initial speed was: v moving with:

ion are not useful for objects .

. (A) 9.8ms! ’ (B) 24ms™! e 2 {(A) Uniform velocity ' (B) Uniform aqcevlér.atio’h'-.
(©@49ms' v . " . (D)9sms’ , ' . () Variable acceleration v -
2. A cricket ball is hit so that it travels straight up in air (D) Variable velocity-

and it requires 3 s to reach the maximum height. Its | 4. - "A ball is allowed to fall freely from certain height. It
initial velocity is: . ’ covers a distance in 1** second equals to:

(A) 10ms (B) 15ms™". . (A) 2g - B g :

(C) 29.4ms™" v~ (D) 12.2ms’ (Qgr2y B i (D) None of these
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10. -

1.

12.

13.

e p—

The distance covered by a freely falling body in two
seconds is:

(A) 9 8m (B) 19.6m v/

(C) A4.4m (D) 49m

The velocity of a frce falling body just before hitting
the ground Is 9.8ms’’, the height through which it has
fallen will be:

(A) 98m (B) 19.6m

(€) 49m v (D) 9.8m

A body having uniform acceleration of 10ms™ has the
velocity of 100ms™. In what time its velocity will be

double?
(A)8s ®10s v
(€)12s (D) 14 s

The value of ‘g’ at the centre of the Earth is:

(A) Infinite (B) 2g

(C) 3¢ (D) Zero v~

Ac:ele(ation of bodies of different masses allowed to
fall freely is (alr friction is negligible):

(A) Same in magnitude and direction v

(B) Same in magnitude only

(C) Same in direction only

(D) Different for different bodies

If a body is moving with constant velocity of 10ms™
towards west, then its acceleration is: :

(A) 1ms * (B) 10ms *

(C) 30ms *? (D) Zeto v/

A car starts from rest and covers a distance of: 100m
in one second with umform acceleration. - Its
acceleration is:

(A) 50ms 2 (B) 100ms 7

(€) 200ms % v~ (D) 300ms 2

When a body is thrown straight up, its velocity

becomes zero at the highest point and its
acceleration will be: ‘

(A) Zero (B) +9.8ms™*

(C) -g8ms’ v~ (D) Undetermined

Velotity of an object dropped from a building at any
instant ‘t’ is given by

14,

15.

16.

7.

18.

19,

20.

21,

" (A) Final velocity

2 1 2
(A) 5 gt (B) vt + 2 g
(©) at o) gt v’

The distance covered by a freely falling body in first 2
seconds, when Its initial velocity was zero will be:

(A) 9.8m i (B) 39.2m

(C) 19.6m v/ (D) 4.9m

Distance travelled by free fallmg object in first
second is:

(A) 49m v (B) 9.8m

(C) 16.6m (D) 10m

Which of the given variable is present in all the
equations of motion?

(A) Acceleration v (B) distance

(C) Time ) (D) Torque

What does the equation; v = v; + at represent?

(A) Final position in terms of velocity

(B) Final velocity in terms of accelerat:on and time v~

(C) Initial velocity in term of time

(D) letance covered in time t

The equation; S = vit + ';' at? is used to calculate:r

(B) Initial velocity

(C) Displacement v, (D) Acceleration

An object is projected vertically upward At what
point its acceleration is zero? .
(A) At the starting point (B) At the starting po:nt

(C) Never v 4 (D) When it comes down
When an object is in free fall, what force is acting on
it (Neglecting air resistance)? : :
(A) Frictional force (B) Magnetic force

(C) Gravitational force v/ (D) Electric force

An object thrown vertically upward returns te the
same point. Its final velocny at the pomt of return is:

(A) Zero
(B) Equal Initial veloc1ty but in opposite direction /

~ (C) Greater than initial velocity

(D) Less than initial velocity.

v

2.6 PROJECTILE MOTION'

@1—_{ What is projectile motion? Write the expressions for horizontal and vertical distances.

Ans. Pﬂectile motion

. Definitien
Prajectile motion is two- -dimensional motion under constant acceleratnon due to gravnty
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RTINS

Consider the motion of a ball, when it is thrown horizontally from a certain height.
It is observed that the ball travels forward as well as falls downward, until it strikes
something such as ground. ‘ - '
Suppose that the ball leaves the hand of the thrower at point A- and that its
velocity at that instant is completely horizontal, Let this velocity be v,.
According to Newton's first law of motion, there will be no acceleration in
horizontal direction, unless a horizontally directed force acts on the ball. Ignoring
the air friction, only force acting on the ball during the flight is the force of gravity.
There is no horizontal force acting on it. So, its horizontal velocity will remain
unchanged and will be v, until the ball hits the ground. The ball moves with -
constant horizontal velocity component. Hence, horizontal distance x is given by
X=v,xt '
For the vertical motion of the ball, it will accelerate downward under the force of
gravity and, hence, a = g. This vertical motion is the same as for a freely failing
body. Since initial vertical velocity is zero, hence, vertical distance y, is given by

1
y=59t
:xamples of Projectile Motion

: L : ' Fig. 9(b)
A football kicked off by a player: a ball thrown by a cricketer and a ‘missile fired from a launching pad, alj
projected at some angles with the horizontal are examples of projectile motion. /

@1& Find t_he expressions for the magnitude of velocity at any instant and the angle which the resultant
velocity makes with the horizontal for projectile motion ‘ ;
Ans. Suppose that a projectile is fired along an angle 6 with the horizontal by velocity v;; as Fig. 9(b). Let components

of velocity v; along the horizontal and vertical directions be v; cos 8 and V; sin 6, respectively. The horizontal
acceleration is a, = 0, because we have neglected air resistance and no other force is acting along this direction,
Whereas the vertical acceleration is a,

= g. Hence, the horizontal component vj; remains constant and at any time
t, we have . ; : '

Vi = Vix = V; €05 0 : '
Now we consider the vertical motion. The-initial vertical component of the velocity is v; sin 8 in the upward
direction. .
The vertical component v at any instant t can be determined b
free fall motion (a, = -g). Using 1 equation of motion:

Vi = visin 8 — gt

- The magnitude of velocity at any instant is: ; f
. 2\ 2 : -
iy =\ Vg ‘ , :

The angle ¢ which this resultant velocity makes with the horizontal can be found from:

y considering the ubward motion of projectile as

V,
‘can¢1>=;fz

& b *
gﬁ Derive the expression for: ' - X

(i) Time of flight (i) Heighf attained by the projectile

_ (iii) Range of projectile
Ans. Height of the Projectile
Definition : :
The height of a projectile is the vertical position of the projectile above its paint of launch at any given moment
during its motion. : :

In order to determine the maximum he
2aS = v@ - v}? '

As body moves upward, a = -g, the initial vertical velocity v, = v;sin 8 = v, as vy = 0 = v/, because the body
comes to rest after reaching the highest point. Since

ight the projectile attains, we use the equation of motion:
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| Example 2.6; A bal| i

S = height = h
_Zgh =0~ V‘2 Sinz 0

vZsin20 g
= ' 29 | 1 : i of air resistance, the
The height of projectile will be reduced in presence of_ air resistance. In the prE:erCrien ek '
upward velocity of the projectile will decrease and hence, its height will also decreas g
Time of Flight :
Dgﬁn'}l’tl‘\:"time taken by body to cover the distanée from the place of its projection to the place where it hits thg
ground is called the time of flight.

This can be obtained by taking § = h =

covering no vertical distance. If the
its vertical component will be v;

1
S=Vit+§ge
1
0=v,-sin(3t—sgt2
2v;sind
P iR

where t is the time of,ﬂ.ight of the projectile when it is Projected from the ground.
Range of the Projectile
Definition

Maximum distance which a

projectile covers in the "horizontal direction is ~—'-Q~—D—~"‘“f" .
called the range of the pmjectile.j : %! For your '“f‘:g‘at'm" >
To determine the range R of the projectile, we ~multiply the horizontal !
component of the velocity of Projection with total time taken by the body to
hit the ground after leaving the point of projection, Thus, p

R= Vie x t
b vicos 0 x 2 v;sin @
or R= . Range
' " 2- g B ; For an angle less than 45°% the height
or R=';‘Zsin9cose

reached by the projectile and the
range both will be less. When the angle
of projectile is larger than 45°, the
height-attained will be more but the
range is again less,

AS 25in 0 cos 0 = s

n 20, thus, the range of the projéctile depends upon the
velocity of projection

and the angle of Projection.
vl 2,
R= ‘g-sin 26
For maximum range R, the factorsin 2¢ = 1,50
20 =sin' (1) or 2¢-= 90° or

Therefore

0 = 450
s thrown with a speed of 30 ms™!

in a direction 30° aboye the horizon. Determine the height to
Which it rises, the time of flight and the horizontal range.
Solution; Initially; -

Yie = ;€05 0 = 30 ms" x cos 30° = 25 0 ms?! L

i v,y=v‘.sin6=30ms“xsni30°=15ms"
Calculations: . {
As the time of flight is:
ZV‘- X
= g sin 0
N 2x30ms!

~ “Togmsi x03)
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2x15ms’

So e afms’ Sl aa
vian’e
Height  h = “‘“‘5(3"“‘
(30.ms ')’ (0.5)°
So A e ms
h=115m Ans,
v Y e
Range R= 9 sin 20 = 9 sin 60
(30 m s "¢ « 0.866
So R etme

R=7953m Ans.

-

14. What is the effect of air resistance on the range of a projectile?

Ans. Effect of Air Resistance on Range of a Projectile

Air resistance will slow down projectile forward motion, reducing its
velocity v, The reduction in v, will result in a decrease in

projectile.

Furthermore, air resistance is not constant throughout the flight of the
object. As the object slows down, the air resistance ex
decreases. This means that the object retards more slowly and accelerates
down. This results in a trajectory that is not
perfectly parabolic but is skewed, with steeper descent than ascent.

more slowly as it falls

penenced by it also

——

R T - P
= For your Information | &~
X, S
the range of BT
Actual Path

In the presence of air friction the
trajectory of a high speed projectile
falls short of a parabolic path.

If the body of mass 2kg moving with 15 ms-" collides
with stationary body of same mass, then after elastic
collision the 2™ body will move with the velocity of:

(A) 15ms ' (B) 30ms "
(C) Zero (D) None of these
Rocket equation is glven as:
m
(A)_ah'r‘h"‘v (B)al%
my m
Qa= ‘;" v iD)o= .';-V
As rocket Moves upward during its motion, its
goes on:
(A) Increasing v (B) decreasing

{C) Remamns the same :

(©) 1 moves with uniform velocity
b&acﬂamhtmhmgoaow'ﬂm
(consuming fuel at rate of 1000 kgs™).

(A) 4000 ms ' (B) 400 ms*

{C) 40000 cmy ' (D) 400 cms "

& shell explodes in mi « ts fragments fly off in
MMmmmmahm
(A) Decsease (B) Increase

10.

.

(A) 10000 kgs ' v (8) 1000kgs '

(C) 100kgs ' (D) 100000kgs '

A 1500 kg has its velacity reduced from 20 ms*' in 3.0
5. How large was the retarding force?

(A) SO0 N (8) 2500 N

(€) 1500 N (D) 10000 N v

When a massive body of mass my collides with lighter

statlonary body of mass Mz, the velocity of massive
body after collision will be:

(A) v, = 2v, B) v, = v,
Qv =v, v (®) v, = 2y,

Which hurt you maximum when the time of collision is:

1 1
(A) 05 (B) 700 °
1
oces v (D) 15
A ball is dropped from a height of 4.2 metres. To

what height, it will rise If there is no loss after
rebounding? :
(A)42m

(B)8B4 m
€)126m D)24m
Two masses m, and M2 will interchange their

velocities after collision if;
(A my >>
(Chmy >» my

B my s my )
(D) my 15 at rest
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e

12

13.

14

15.

16.

17.

18.

19.

21,

22,

23,

24,

25,

Motion of projectiles is:
(A) One dimensional (B) two dimensional v
(C) three dimensional (D) Four dimensional

The horizontal range is maximum when it Is projected
at an angle of:

(A 0° (B) 30

(€) 48" v (D) 60"

The range of projectile is same for:

(A) 0°, 457 (B) 35°,55° v

{©) 15°, 60° (D) 30°, 75°

The horizontal component of velocity of a projectile.
{A) Increases (B) Decreases

(C) Remains the same v* (D) Decreases then increases
The velocity of projectile is ma. ‘'mum:

(A) At the highest point (B At t. 2 point of launch v
(C) At half of the height (D) After sticking the ground
The horizontal range or projectile at 30° with
horizontal is the same as that at an angle of:

“(A) 45° (B) 60° v~

(€) 90° (D) 120°

A projectile is thrown upward with the velocity v;

making an angle @ with the horizontal, the maximum
horizontal range is:

v? vl
A s, ‘/ s
A (B) 29
V'Z v?
&) i —
(€ g (D) p sin 20

The time of flight of a projectile when it is projected
from the ground is:
2

Vl vl
(A) 'g' cos 6 (B) -g_ sin @
2 >4
() T‘sin 0V () '9" sin 6
In the projectile motion, the vertical component of
velocity:

(A) Remains constant (B) Varies point to point v~
(C) Becomes zero (D) Increases with time

The angle of projectbon for which its maximum
height and horizontal range are equal;

(A) 46° (B) 56"

(€) 66° 0) 76° vV

A bomber drops its bomb when it is vertically above
the target, it misses the target due to:
(A) Horizontal component of velocity v
(B) Vertical component of velocity

(C) Pull of the Earth

(D) Acceleration due to gravity

A ball is thrown up with 20ms™ at an angle of 60°,
with x-axis, the velocity of a ball at the top position
Is: )

{A) Oms” (B) 10ms™ v/

(C) 20ms’' (D) 16ms’

The shape of trajectory of short range projectile is:
(A) Circular (B) Parabola v

(C) Ellipse (D) hyperbole

The path followed by a projectile is known as its:
(A) Range (B) Trajectory v

26,

27.

28.

29.

30.

31

32.

33.

34.

(C) Cycle {D) Height

3s.

36.

For a rocket, the change in momenfum per second of
the ejecting gases is equal: ‘

(M) Acceleration of the rorcket

(B) Momentum of rocket

(C) Velooiy f Met-racy T

(D) Thrust acting on rocket v

The acceleration along x-axis direction in case of
projectile is:

{A) Zero (B) Equa! to Grawty

(C) Maximum {D) Constant 4

Which shows correct relation between H and T of
projectile?

gt _sr
(A)H-B\/ (B} H = 9
& &
(OH= r (D) H—g';

If the initial velocity of a projectile becomes doubled,
the time of flight will become:

(A) Double v~ (B) Remarns the same
(C) 3 umes (D) 4 thmes
Time of flight of a projectile is:
v, sin B
(A) v, sin @ (8) . v
v, sin @ 2v,sin@
(Q) P D) _g =

If maximum height of the projectile is equal to the
range, then angle of projection of projectile will be:

(A) 30° (8) 60°
(C) 45° ) 76° v
The maximum height attained by a projectile is:
v.z sin’ 0 v v‘2 sin® ©
A ©(8
L R 9 (8 9
vicos' B vicos? 0
€ 29 (B) g -
The horizontal range of a projectile Is:
2v,sin 0 visin'e
A
(A) 9 (B) 7
visin® b v sin® O
c |
(S s v © =5

If the angle of projection is greater that 45°, then:

(A) Height attained is more but range is less v

(B) Height attained is less but range is maore

Q) Range and height attained is less

(D) Both height attained and range are more

A ball is thrown with an Initial speed of 30 ms” in

direction 30° above the MHorizontal. Its verti
component of velacity is: "~

(A} 2598 ms ' (8) 30 ms™

(@ 1ms’ O 15ms' v

The horizontal component of acceleration of
projectile is equal to:

(A)0ms? v (B)49 ms*

(C) 3.6 ms? (D)-98 ms?

The range of projectile becomes half of the maximum
range at angle of projection.

(A)15° v (8 25*

(C) 45 (D) 72¢
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38. The time to reach the maximum height by projgtile 39. :eoi;i;t:r;t':lllyriafnag:; ll: :gl;::’;eo“ ?o:l}:s of its maximyp,
" visin?0 v2sin0 (A) 90° (B) 45: v
A= (8) () 60° DE .
vising v sin 67
O~ L s
2.7 MOMENTUM

Ans. Momentum
Definition
The quantity of motion of a moving body is called momentum.

or  The product of mass and velocity of an object.
Mathematically,

Momentum = p = Mass x Velocity = mv
It is a vector quantity. The SI unit of momentum is kg ms~" or N.
Momentum and Newton's Second law of Motion
Consider a body of mass m moving with an initial velocity v;.

Suppose an external force F acts upon it for time t after which

@11 Define momentum and impulse. Show
applied force. :

velocity becomes v;. The acceleration a produced by this force is
given by '
vr-V
m it (i
By Newton's second law, the acceleration is givenas:
ot £ a= B P e Sk S il (i1)
Equating Egs. (i) and (ii), we have , : .
: _F_ 3, v‘ _v‘ 4 ‘ N
m- t ; > e
‘ 3 : Fxt= mv,— Mk N1 J ... (iii) .
~where mv; i$' the initial momentum and my, s the final

momentum of the body. - 7 =
Equation (jii) shows that change in -momentum is equal to the
v product of force and the time for which force is applied.

From Eq. (jii) : : » 3

T mvp=my,

p IS

Newton's Second Law in Terms of Momentum T

i Newton's second law of motion can also be stated in terms of
momentum as:

Time_rate of change of momentum of a body is equal to- the
-applied force. ey , ’ .‘

impulse

Definition : :
Impulse can be defined as: :
The change of momentum of an object when the object is acted
upon by a force fro a very short interval of time.

“Impulse is the change in momentum of an object. If the initial momentum of
momentum is py, then the object has received the impulse J. Such that;

Impulse = p,—p; = Ap

—

that rate of change of momentum of a body is equal to the

, ‘l Point to Ponder! |'
— ¥ |

. Point to POM. "
3 .
\\\ Stone
@) - 1
m second i :

\ Football
Y

(b) 2
- 3 1 second B

. , ook
Which'huryyou in the above situations (a)
or (b) and ‘think why?

‘Ans. ‘In situation (a)—stone, when we
cick, we are hurt more because of its
hardness, density and surface texture.

Can a moving object experience impulse?
Ans. Yes, a moving object can experience
impulse. Even if an object is already
moving, if a force is applied to it, causing

its velocity to change, it experiences an
impulse.

Examples

() . A moving car that hits, the brakes
experience a negative impulse.

(i) ~A Soccer ball being kicked again
while it is already rolling experiences an
additional impulse. g
So yes, impulse is not limited to
stationary  objects; any change in
momentum — including changes in speed
or direction - involves impulses. -

an object in p; and the final

——

s Momentum is a vector quantity, so impulse is also a vector quantity. =

(

\ ~ ——
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Newton’s second law of motion states that the rate of change of momentum of an object is equal to the
resultant force F acting on the object. Thus

poB=Pi
At
Impulse = F x At = mye— my;
Example 2.7: A 1500 kg car has
retarding force?
Solution:
Given that;

its velocity reduced from 20 m s~' to 15 m s7'in 3.0 s. How large was the average

V=15 ms™

v, = 20 ms™"

m = 1500 kg

To Find:

'- F=2

Calculations: :
Using the equation Sl

Fxt=mv,-my

Pu‘tting the values SN BN

| Fx305=1500kg x 15 m s ~ 1500 kg x 20 n's™"

or - F = -2500 kg m s '

==-2500N = -25kN Ans. ,

The negative sign indicates that the force is retarding one.

gﬁ State and prove law of conservation of .monjentum for an isolated system,

Ans. Law of Conservation of Momentum AN

Statement : v, v,
+_ The total linear momentum of an isolated system remains constant, ~
Explanation g2, %4 2 0 VA ' Q
* Consider an isolated system on which no external agency exerts.any force. m, m,
For example, the molecules of a gas enclosed in a glass vessel at constant

temperature constitute an isolated system. The molecules can collide with :
one another because of their random motion, but being enclosed by glass -

vessel, no external agency can exert a force on them, - . y w
Consider an isolated system of two smooth: hard interacting balls of

“masses my; and m,, moving along the same straight line, in the same

direction, with velocities v, and v, respectively. Both the balls collide and

. y - ; y ‘ S v ’
after collision, ball of mass m, moves with velocity v,* and m, moves with _ ! vy
velocity v,' in the same direction. bt

To find the change in momentum of mass m, the equation; ' ' . - O °

m,
Fxt'= mv;- mv, can be used as: : : _
' Fxt=mv/-mv, | w:- Fig. 10
" Similarly, for the ball-of mass m, )
3 Fxt= mzvz' :-'.mg_VZ
Adding these two expressions: 0
(F+F) t=(mvy' —mvy) + (myvy - myv,)

"
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— ——

Since the action force F is equal and opposite to the reaction force F', thus
F'=-F orF + F' = 0, sa the left hand side of the equation is zero. Hence,
= (M = myvy) + (Muvy' — myv,)

In other words, change in momentum of 1% ball + change in momentum
of the 2™ ball is zero.

Of - (myvy + myvy) = (Myvy + myvy') ... (i)
"Which means that total initial momentum of the system before collision is
equal to the total final momentum of the system after collision. When a moving car stops quickly,
Consequently, the total change in momentum of the isolated two ball the passengers move forward.
system is zero, e LA : towards the wind shield. Seatbelts
For such a group of objects, if one object within the group experiences a change the forces of ‘motion and |
force, there must exist an equal but opposite reaction force on other prevent  the .passengers  from
object in the same group. As a result, the change in momentum of the

; ) moving. Thus, the chance of InJury'
group of objects as a whole is always zero. This is the law, of conservation | i greatly réduced. .
of momentum:

Isolated System : o A h‘

i | Did)You [EIEISD??
An isolated system is a physical system that does not exchange matter
and energy with its surroundings.

It means;

. No mass enters or leaves the system.

. No energy is transferred to or from the system.

A motorcycle's safety. helmet “is
padded so as to extend the time of
" o O 3 ary collision to prevent serious mJury

Example 2.8: Two spherical balls of 20 kg and 3.0’ kg masses are moving towards each other will velocities of

6.0 m s and 4 m s, respectively. What must be the velocity of the smaller ball after collision, if the velocnty of the
bigger ballis 3.0 m s7'? X

Solution:
Given that;

m,=2kg , m,=3Kg,
v,=6ms™, v, =—4ms
v, =-3ms

To Find: 3,

:. VT' 5 ? X
Calculations:

As both the balls are moving towards one another, so their velocmes are of opposnte agn Let us suppose that
the direction of motion of 2 kg ball is positive and that of the 3 kg is negative.
. The momentum of the system before collision is: -

myv, +myv,=2kgx6ms' +3kgx(-4ms™
> =12kgms'-12kgms' =0
Momentum of the system after collision = m,v," + m,v,’
=2kgx v, +3kgx( Ims
From the law of conservation of momentum

[Momentum of the system] [Momentum of the system]
before collision - after collision

0=2kgxv,-9kgms™
vy’ =45ms Ans.
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m@.&/

1
7. The rate of change in momentum of a body is equal (€) 4ms’’ (D) 8"?
T ter 8. Impulse has same unit as that of:
(A) Displacement (B) Velocity (A) Force (B) Energy
(C) Acceleration > (D) Applied force v~ (C) Mass (D) Linear momentum v
2. Impulse can be defined as: 9.  kgms™'is the unit of:
(A1=Fxd B 1=Fxtv (A) Force (8) Momentum v
Q1=Fxv D)y1=F,pP : (C) Power (D) Work done
3. If force of 10N acts on a body of mass Skg for one | 10, Rate of change of momentum of a freely falling
second, then its rate of change of momentum will be: " object is equal to:
(A) 10 kg ms ‘v (B) 50 kg ms ? (A) K.E. (B) Momentum
(C) 5 kg ms* (D)2 kg ms * (C) Acceleration (D) Weight v/
4. Total change in momentum of a moving body is | 11. Two object collide in an isolated system, The total .
equal to its: momentum after the collision is:
(A) KE. (B) Impulse v (A) Equal to total K.E.
(C) Force (D) Inertia - (B) Zero
5. Analternate unit to kg ms™' is: (C) Equal to total momentum before collision v/~
(A s B)Ns Vv (D) Greater than total momentum before collision.
(Q) Nm OYN 12. ' A truck and car has the same momentum. Which of
6.  The Stunit of impulses is: : the following is true?
(A kgms ' (8) Nm (A) The car has more velocity than the truck. v’
(QNs v/ (D) Nm* : (B) The truck has more velocity than the car.
7. . At what speed the momentum and kinetic energy of (C) Both have the same velocity.
a body having the same value? (D)t is not possible to have same momentum..
(A) 1ms " (B)lms' v’ :

2.8 ELASTIC AND INELASTIC COLLISIONS

gﬁ Define elastlc and melastlc colllswns Also give examples

Ans. Elastic Collision

Definition
A collisionin which the system of bodies conserves both its total !mear momentum and total kinetic energy is

called elastic colhsron

‘ Examples

()  When two similar trolleys are travellrng toward each other with equal speed They collide, bouncmg off - each
other with no loss in speed. This ¢ollision is perfectly elastic because no energy has been lost. :
(i)  When a ball at a billiard table hits another ball, it is an example of elastic collision. :
(ili)  When you throw a ball on the ground and it bounces back to you hand, there is not net change in the K.E. and
~ hence, itis an elastic collision. . :

]

(iv)  Collisions between gas molecules in an |deal gas are considered elastic. : o Bfes el
_ Inelastic Collision e

Definition
A collision in which the KE. of the system is not conserved but momentum is conserved is called inelastic
collision. 3 :

Examples ' : ~ ~ ol 3 .

(). Whena crlcketer or baseball player is catching a fast-moving ball. As the ball is caught, rt comes to-rest wrth the
players hands or glove, and KE. is dissipated, showing an inelastic interaction.

(i) When a ball is dropped from a certain height and it is unable to rise to its orrgrnal herght This:is done to .

inelastic collision.
(i) The accident of two vehicles. »
(iv) A football playertackling another and they both fall together. Here KE. is not conserved.
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w Explain elastic collision in one dimension. Show that relative velocities before and after collisigy,

are the same. Also discuss its different cases. R
Ans. Elastic Collision in One Dimension N v, ",
Consider two smooth, non-rotating balls of masses m, and‘rr'rz moving initially —_— —
with velocities v, and v, respectively, in the same direction.i Thei_ collide and -, o
after collision, they move along the same straight line without rotatjon. Let their ¢
velocities after the collision be vy" and v,' respectively; Fig. (1 1);; { : Bofoh' ::c:»m-lonmz

(i)

We take the positive direction of the velocity and momentum to the »r;ight. By
applying the law of conservation of momentum, we have ; ; vy v
(Myvq + mavy) = (Mvy' + myvy)

my (Vi = vy') = my (vy' = v,) PR ()} 0

As the collision is elastic, so the K.£. is conserved. From the conservation of K.E,, ¥ m,

e ad

we haye ’ ) After collision
1 PR 3ok 2,1 2 ‘ '
2 myvy© + 2 myv,© = 5 myvy A 2 myv, : Fig. 11
or My (v = vy'?) = my (v, = vy?)
or my vy +vy) (v —vy) = my (V' +vy) (v =v,) (i)

Dividing Eq. (i) by (ii) .
: (Vi+v)=(vy) +v,) -
or ' (V1-v2) = (W) —vy) = = (v - vy)

We note that, before collision (va = v5) is the velocity of first ball relative to the second ball. Similarly (v - vy) is -

the velocity of the first ball relative to the second ball after collision. It means that relative velocities before and
after the collision has the same magnitude but are reversed after the collision. In other words, the magnitude of
relative velocity of approach is equal to the magnitude of relative velocity of separation. :
In equations (i) and (i) m,, m,, v, and v, are known quantities. We ~ case (i)

solve these equations to find the values of ‘vy'“and V5" which are My My
unknown. The results are: ' N : o
: ,_M-m 2m, : & N
vy = my + m, vy + —m1 wmy VI e (i) ! B‘":;‘ co"m:: ‘
2m, Dot _ visv,  v=v,

There are some cases of special interest, which are discussed below:

Vv, = g n. ol P . i . elow: =
2 m1+m2v1 m1+m2 2 ('V) b 'o .
‘ m, m,

When m; and m,: _ After collision
~ From Eq. (iii) and (iv), we find that: enn
- v =V, Fig. 12
and v =y ‘
' - case (ii)
Whenm;and m,andv, =0: - v, WaD
In this case, the mass m, be at rest, and v, = 0, then Egs. (iii) and (iv) - .
KT b
v’ =0 : ' =V : - m' “ o m,
When m; = m, then ball of mass m1after colli_sion will come to a stop Bef‘om’ colision
and m, will take off with the velocity that m, originally had; Fig. (13). R i AL

Thus, when a-billiard ball m,, moving on a table collides with exactly

—
“similar ball m; at rest, the ball m, stops while m, begins to move with ol 4 o

the same velocity, with which m, was moving initially. < -

. After collision
Fig. 13
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(ili) When a light body collides with a massive body at rest: case (ili)

h v, ’ v, =0
In this case initial velocity v; = 0 and m, >> my. Under these s T
conditions m, can be neglected as compared to m,. From Eq. (iii) and Q °
(iv), we have vy' = =vy and v, = 0. m, ™
The result is shown in Fig. (14). This means that m, will bounce back Before collision
with the same velocity while m, will remain stationary. This fact is used : Vv, = .y, v, =0
of by the squash player. ’ ,, A ——
Q
. _ _ | : . -5
SR -
' After collision
(iv) When a massive body. collides with |ight statlonal-y body: -, case (tv)
. ‘In this case, my>>m; and v, = 0, so m, can be neglected:in Eqs. (iii) Y v, 50
and (iv). This gives v,' = v, and v,' = 2v,. Thus, after the colhswn there . o
is practlcally no change in the velocity of massive body, but the lighter
one bounces off in the forward direction with approximately twice the R ap— 4
velocity of the incudpnt\b dy; Fig. (15). :
| v S V1 =V, V, =2v,
. - ) \ N = ) ) - ‘
e VRS R NN
% ' Aflereoaision

; 2.9 -INELASTIC COLLISION IN ONE DIMENSION

g@ Describe an inelastic collision in one dimension.
_ - Bafors collision m,
Ans. Inelastic Collision in one Dimensions - \ ' v, 2
Consider two bodies having masses my and m, moving with Q—' ;
Aer collision ‘

velocities v4 and vy, along the same line such that vy > va. In

such a case m, is regarded as projectile and m; as target. After

time t both the bodies make inelastic_collision and stick

together. Let their combined mass become m;," + m, which

moves with final velocity vy after collision.

Since the collision is perfectly inelastic, the total momentum of

balls is conserved. Using law of conservation of momentum. Fig. 16

Total momentum of system before collision = Total momentum of the system after colhsnon
My + mv, = (my + mz) \Ji

m, m,

m, +m2v, i my ""T'zvz

which gives the common velocity of the body after inelastic collision.

In a special case when the target m; is at rest, v, = 0, the above equation becomes:

mem,

Vg =

m
= v
VIS my e mp ¥
; y - m
It shows that velocity of myis reduced by the mass ratio i.e, oy
; i 1+ m;

Example 2.9: A 70 g ball collides with another ball of mass 140 g. The initial velocity of the first ball is 9 m s to the
right while the second ball is at rest. If the collision were perfectly elastic. What would be the velocity of the two balls
after the collision?
Solution: .
Given that; : ‘
m,=70g vy=9ms! v;=0
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m, = 140 g
To Find: .
LARE. vy =7
Calculations:
We know that;
: my —m,
v = m‘; Vi
= Gg—g%g{’-) x9mst=_3ms!
2 my T
- (-ﬁ]ig_) %9 fye)
70g+ 140 g
V) =6 ms' Ans. S

——

2.10 ELASTIC COLLISION IN TWO DIMENSIONS |

l—g 20. Find the expression for conservation of momentum and _energy. for _an‘elastic collision in twe

dimensions.
Ans. Elastic collision in Two Dimension , ‘ % Ty
Consider themotion of two balls of mass m; and m in a straight line : ' 7 ad
with velocities vy and-v, respectively undergoing-an elastic collision Vi v, m,
with each other. Fig. (17), ot W ol ) A x
Assume the bodies move off in different directions after collision with m; m, N9,
velocities v," and V2" making angles 0, and 0, respectively with x-axis. " = .
As, the collision is elastic, so we apply both the laws of conservation of : : v
- momentum and law of consérvation of kinetic energy. Momentum is a ‘ Fig. 17

vector quantity, we resolve it into its rectahgular components and apply the law of conservation of momentum
along both axes. ' 7 : ' ' .

Momentum conservation along x-axis is:

Momentum'before collision = momentum after collision -
i MVy + MV, = Myvy' €os 8y + mov,' cos flo - - THERAIA 13nagy o (iy-.
Momentum conservation along y-axis: IR iR
Momentum before collision = Momentum after collision ;
" 0=mvy'sin 8, - myv, sing, e . (ii)

Conservation of Energy 5 &,

Kinetic Energy before collision = Kinetic Energy after collision

1 2 1 2 1 2 L 2
Em1V1 +Em2\l2 :Em-‘V] + Emz\/z

2.11 INELASTIC COLLISION IN TWO DIMENSIONS

gzz Find the expressions for momentum and energy in case of inelastic collision in two dimensions,

Ans. Inelastic Collision in Two Dimensions: \

The macroscopic collisions are generally inelastic and do not conserve kinetic
collision is one’in which the colliding objects stick together to make a single mass a

energy. The perfect ineiastic
fter collision.
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{!‘-L‘-"LI__:_"_""'J hulllor s 7 = S N
Explanatlon 5

Let us take two balls having masses m; and m; moving with
velocities, vy and v, respectively, in a two-dimensional xy-plane.
Assume that the first body is moving along the x-axis while the m,
second body moves in a direction, making an angle 6 with x-axis. _O = ¢
Both the bodies collide at the origin Fig. (18).

After éollision, bodies stick together, having combined mass M = m; + m,
m,, which moves with velocity vy, making an angle ¢ with x-axis.
Momentum in the x-direction:

mivy + myv,cos 6= Mvscosd ... (i) Fig. 18

A{]

Momentum in the y-direction: _
0 + myv, sin B = Mv;sin ¢ . .. (i)
Equation (i) and (ii) can be used to find the final velocrty

Kinetic Energy: Since collision is inelastic, the krnetrc energy of colliding system is not conserved The loss of kinetic

energy is computed as follows:

Initial Kinetic Energy:” The total initial kinetic energy K.E; of the system before the collision is:_

1 1
(KE)i =75 m1V1 ¥ 2m2v2 T (iii)

Since K.E. is-a scalar'quantity, so velocities involving in the formula of K.E. does not require to break velocmes
into their components.

final Kinetic Energy: The total final kinetic energy K. E, after the collision (when the objects stick together) i is:

(K.E)y = Mv,

where v;is magnitude of the final velocity which can be calculated from Eq. (iv).

Energy Loss in the Collision: Since the collision is inelastic, there is a loss in kinetic energy, represented by AK.E.’

AK.E. = (K.E), - (K.E.),
This lost kinetic energy is transformed into other forms of energy, such as heat, sound, or in deformation.

gzz States some real-life e)ramples of inelastic collision.

Ans. Some Examples of an Inelastic Collision

0]

(if)

(iii)

When a karate chop breaks a pile of bricks, it’s an example of an inelastic collision: In this type of collision, the
objects involved don't bounce back after impact. Instead, some of the energy from the strike is absorbed by the
bricks, converting into heat, sound, and the force needed-to break them. This means the energy does into
breaking the bricks rather than causing the hang to rebound. If the Karate chop is not perfectly vertical and
involves some horizontal motron the momentum transfer and the resulting forces wrll have both horizontal and
vertical components.

In a car crash, the collision is an- inelastic nature. When the vehrcles collidesand absorb the impact, energy,
causing them to-crumple and deform. This energy absorption slows down the cars, stopping them from

bouncing back: Most of the kinetic energy is lost, turning into heat, sound, and damage to the vehicles.

In real-world collisions, a ball and bat show .an inelastic behaviour. When the bat hits the ball, some of the
kinetic energy is lost because the ball deforms, and energy is also converted into heat and sound. Even though

" the bat is rigid, it does not transfer energy perfectly and absorbs some energy itself. The ball compresses upon.

impact, which leads to further energy loss. Consequently, not all of the initial kinetic energy is conserved making

 the collision overall an melastlc : 4

m@.@’

In an elastic collision: Two bodies collide elastically in one dimension, which

(a) K:E.is not conserved. ) of the following quantities is conserved?
(b) Momentum is not conserved. , _ ‘ (a) Only momentum
() Both K.E. and momentum are conserved. v’ (b). Only K.E.

{d) Only mechanical energy is conserved. - (c) Neither momentum nor KE.
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(d) Momentum and KE v~

3. Two objects of masses my and m, undergo an elastic
head-on-collision. If m, = my, then after the collision:
(@) Both come to rest. _
(b) They exchange their velocities, v
(€ They stick together.
(d) They move in opposite directions with the same

velocity,’
4 In a two dimensional elastic collision, if total

momentum is conserved and K.E. is not conserved,
what can you conclude about the collision?

(@) Itis elastic. (b) Itis inelastic. v
(€) 1tisimpossible. (d) Itis perfectly elastic.

5. In an inelastic collision, which of the following
Quantities is always conserved?

(@) Velocity “(b) KE

(@ Mechanical energy . (d) Momentum v
6. Which of the followin

transformation in an inelastic collision?

9 best describes energy

e
————

(a) KE. is fully co'n'»owvfi S
(l') ) g?lt\::'l.‘ '-;:”E’:.iyc';:::i‘lﬁzi into other forms of energy
. (Ii(ko heat and sound) i

s is lost during collision, )
f\:roM:;;;zt: collide in elastically. Wh:t car||"b, sal
about their total K.E. before and. after the co sion?
(@) It becomes zero, v7  (b) Itincreases,
(c) It decreases. (d) It stays the same,
In two-dimensional inelastic collision, which of the
following is always conserved?

.E.

:la))) Iic::z;:(monwentum in both x and y directions..\/
(c) Angular momentum
(d) Speed of each object.
In two-dimensional inelastic collision, K.E:
(a) is conserved in all directions.
(b) is increased due to deformation.
(¢) is partially lost and converted to other forms,
(d) has no relation to the motion.

2.12 ROCKET PROPULSION - |
@ Write a note on rocket propulsion. : N :

Ans. Rocket P}opulsion
Rockets move by ex
their rear. The ignited

o fuel(liquid

* hydrogen)
liquid
oxygen
combustion
chamber

e et
ok LB e

: 5 i d leaving

others. to carry the space craft further yp at ever greater Fia. :

speed. - . ok ;!r]n t;l9: Fuel and 0Xygen mix in the combustion
If m is the mass of the gases ejected per second with veloci clocity Juses exhau .
v relative to the rock

et, the change in mome

- of the gjecting gases is mv. This equals th
by the engine on the body-of the rocket. S
‘a”of the rocket is

: st th
high velocity. The e chamber at q very

: : ain {

ntum per secong . €quals the gqip | ) oy Tiomentum of the gases
e thrust Produced = 99s and rocket P
O, the acceleration ir

n momen_tum of the rocket. The

ush against each other and move
in opposite directions,
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mv
a="pr

M

where M is the mass of the rocket. When the fuel in the rocket is burned and ejected, the mass M of rocket

decreases and hence the acceleration increases.

What causes a rocket to move forward in space where

there is no atmosphere?

(a) Push against the vacuum.
(b) Expelling fuel backward. v~
{c) Solar radiation pressure

(d) Gravitation pull of Earth

{a) Gravity decreases (b) Air resistance increases
(c) Fuel becomes more reactive

(d) Mass of rocket decreases v i

Rocket propulsion is based on which fundamemal

" principle?

(a) Conservation of energy

2. The momentum of gases expelled from a rocket (b) Conservation of momentumn
engine is: (c) Newton's first law of motion *
(a) Equal to rocket's momentum in the opposite (d) Newton's 3" law of motion p
. direction. The velocity of a rocket increases when:
(b) Zero : , (a) It gains mass. '
(c) Greater than the rocket's momentum ° (b) The exhaust velocity is increased. v/
(d) Unrelated to the rocket's motion, (€) Gravity increases
3. The velocity of the rocket Increases as it moves (d) Air resistance increases.

because:

ADDITIONAL SHORT ANSWER QUESTIONS |

1.

Ans. Yes, a scalar quantity like temperature and charge can be negatlve
2.
. Ans. The sum of their magnitudes in the same direction.
3.
Ans. The difference of their magnitudes in the direction of the larger vector. -

4.

5.

Can a scalar quantlty be negatwe?

What is the resultant of two vectors acting in the same direction?

What is the resultant of two vector acting in the oppésite directions?

‘What is the result of two equal vectors at 90° to each other? -
Ans. The resultant vector has a magnitude of\[i times one vector.

‘Can a vector have a negative magnitude?

Ans. No, the magnitude of a vector is always positive.

6.

Can tle components of a vector-be negative?

_ Ans. Yes, depending on the diréttion of the vector relative to the axes.

7.

9.

What is the significance of resolving a vector into components?
Ans. It simplifies vector calculations, especially when adding or subtracting vectors.

What happens to the.components if the vector lies along the x-axis?
Ans. The y-component is zero and the x-component equals the magn:tude of the vector..

10. " Can the scalar produict be zero?

-What is the scalar product of two pe_rpendlcular and two parallel vectors?
“Ans. The scalar product of two perpendicular vectors is zero and two parallel vectors is one.

<

Ans. Yes, if the angle between the vectors is greater than 90° 3
1. What does a positive scalar product indicate about the angle between two vectors?
Ans. The angle is less than 90°, meaning generally the vectors are pointing in the same direction.
12. " What is the direction of the vector product?
Ans. 1t is given by the right hand rule, perpendicular to the plane containing the two vectors. |

13, What is the significance of vector product?
Ans. It represents quantities like torque and angular momentum, which have direction perpendicular to the plane of
action.

.


https://v3.camscanner.com/user/download

14.

What is the relation between impulse and momentum?

Ans. Impulse 15 equal to the change in momentum,
re.  Impulse = Ap = mvy - mv, = mAv
15.  What is the SI unit of impulse?
Ans. The Stunit of impulse is same as momentum e, Ns or kg ms™.
16. How can a small force produce a large momentum?
Ans. By acting over a long period of time, ‘
17.  Why are airbags used in cars? : ‘
Ans. Airbags increase the time of impact, reducing the force and thus reducing injuries by lowering the impulse force,
18. If a force acts on a body for zero time, what is the impulse? ‘
Ans. Zero, since impulse depends on time. ’ ‘
& . e Mo h
19. If a vector lies in xy-plane. Is it possible, one of its rectangular components is zero? S
- Explain. T
Ans. No, it is not Possible. ‘ ’ R e o heemecllt
Reason: _ : 4
When a vector lies in xy—plane, so it must have non-zero x and y components,
20. Can the magnitude of vector ever be zero? Explain.
Ans. Yes, the magnitude of the vector can be zero, if it is a null vector.
Mathematically _As (-X) =0
21. Define the terms:
(i) Unit vector (ii) Components of a vector. wi
Ans. (a) Unit Vector: A vector of unit magn’itude is called unit vector. Unit vector represents the direction of the
vector.
Unit V . Vector * ’ : +
Wy e = Magnitude of the vector :
—
g
A
(b) Components of a Vector: The effective part of a vector along a particular direction is called the component of
the vector. The parts of a vector the combined effect of which is the vector itself are called components.of the
vector. . > . ‘ |
If Ac is component, of the vector along x-axis andA, is component of the vector along y-axis, then magnitude of
the vector is given.by, '
, ¥, 3
ARNA +A
In three dimensions, we can write,
{ 2. 3 2
A=\JA +A +A,
22, The vector sum of three vectors gives a zero resultant. What can be the
orientation of the vectors? : p
Ans. If the three vectors can be represented by the three sides of a closed triangle taken
in order, then vector sum of the three vectors gives zero resultant.
According to head to tail rule,
2> 2 3 >
Sum of the threevectors=A + B+ C =0
-—» . . )
23. Vector A lies in the xy-plane. For what orientation will both of its rectangular components be negative?
For what orientation will its components have opposite signs? , i
Ans,

(1)  If vector A lies in the xy-plane both of its rectangular components will be negative in the lll quadrant,
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AV

A= -ve Vv,

X ¢ —>X

A= -ve .Vlg A
: y

r

(i) Inthe Il quadrant A, is negative A, is positive. In the IV quadrant A, is positive A, is negative.

g AP
g y -
A=+ve A=+ve
xl‘ ' ’ lf | ’
A‘_z -ve Ar: -ve ‘ i
:;y' A

Therefore, in the Il and the IV quadrants, components of A have opposite signs.

24. If one of the rectangular components of a vector is not zero, can its magnitude be zero? Explain.
Ans..No, if one of the rectangular components of a vector is not zero, then magnltude of the vector cannot be equal

to zero.
Reason:
Suppose Az0 - '
| Aj=0 - o ; %
A =0 ( .

The magnltude of vector 4 is gwen by

A= \/A LA £ A, '\/A +040=A 20 Yo ;

~25. Cana vector have a component greater than the vector’s magnitude?
Ans. Case I: If two components are rectangular then the magnltude of component
will be less than the magnitude of a resultant.
" Case |I: But in case when components are not rectangular then the magnitude -
of a component can be greater than the magnitude of resultant as shown in |
- figure.

26. Can the magnitude of a vector have a uegatwe value?
Ans. No, magmtude of a vector cannot have a negative value because magnitude of a vector A is given by:

A = ‘\fA + A + A and A A & A have posmve values even if'A, or A or A, is negative. Actually, negatlve
sign indicates dlrectlon and not magnltude
27., Under what circumstances would a vector have components that are equal i in magnitude?

Ans. We know that magnitudes of rectangular’ components of vector A are glven by,
A,=AcosO /A = Asin 8

When the two components are equal then - : ‘ s e T.V B,
. Acos@=Asin® 20 . _ ‘ 5 B
Divided by cos 6 on both sides. o - e
B Asin® Acos6 . T | - W_ A
. cos® ~ cosB \ :
or  tan=1 “8=45 | X
‘ 74

or . @=tan (1) ' fg -3 ; : ~
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4
B - : le of 45°, 135e
?’;is shows fhat comporents of a vector are equal in magnitude when the vector. mukes an ang 35
225° or 315°with x-axis. ; :
28. s it possible to add a vector quantity to 2 scalar quantity? Explain.
Ans. No, it is not possible to add a vector guantity to a scalar quantity.
Reasog;mly the quantities of the same nature can be added with one another. Scalar quantities and vector quantities
le mathematics.
do not have the same nature. Scalars are added by simp
Vectors are added by head to tail rule. Therefore, itis not possible to add a vector quantlty to a scalar quantity.
29. Can you add zero to a null vector?
Ans. No, zero cannot be added to a null vector.
Reason:

Zero is a scalar quantity and null vector is a vector. They are different in nature. Therefore, zero cannot be added
to a null vector

30. Two vectors have unequal magnitudes. Can their sum be zero? Explain.
Ans. No, then sum cannot be zero.
Reason:

Sum of two vectors will be zero only if the two vectors are equal in magnitude but opposite in direction,
Therefore, if two vectors have unéqual magnitude, then their sum cannot be zero.
‘ -
31. If all the components of the vectors K, & 2 were reversed, how would this alter A, x Zz?

- -
Ans. If all the components of vectors X, & Z‘z are reversed, there will be no change in the vector product A; x A, |
A - - > > g ‘
This is because (A x (A,) = A, x A,
32. Name the three different condmons that could make Z xZ =0.
Ans. When
). - 5 A
A1 X AZ =A/A;sin8 n
— —
()  When A, is a null vectorso |4,| = 0
* 50 Z,x32=(A,)Azsineﬁ=o
b 3 . ->
(i) When A, is a null vector so |A,| =
: A xA = A, (0)sm9n 0
(m) When 8 = 0°r 180°
A, x A; = AAy sin 0 20
33, Identify true or false statements and explain the reason.

(a) A body in equilibrium implies that it is neither moving nor rotatmg

(b) If coplanar forces acting on a body form a closed
Ans. () Statement: A body in equilibrium implies that it i

A body moving with a uniform linear velocity or
angular velocity is in equ:llbnum Le,

LE= 0 and ¥t = 8
: Therefore, the given statement:is false,
- () Statement: If coplanar forces acting on a body form a closed polygon, the body is said to be in equilibrium. This
statement is true.

When the forces acting on a body are in the form of a closed
with the tail of the first vector, therefore, that IF = 0, and the

polygon, then the body is said to be in equilibrium.
$ not maving or rotating. ;:’
rotatmg with a uniform :

po!ygon then the head of the last vector comades :
body is in equilibrium
F +F +F3+F +F +F6-0
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34.
Ans.

35.
Ans.

‘ F =0
Explain the circumstances in which the velocity ‘v’ and acceleration ‘a’ are constants.
When the body moves with uniform velocity, the change in velocity is zero. So, acceleration is zero. It remains
zero as far as the body moves with constant velocity. Hence, acceleration remains constant (ie, 0 ms2)
throughout the motion of the body. :

An object is thrown upward with initial velocity. How much height does it gain in turns of velocity?

v=0 (At Max. height)
f =g (upward motion)
t=7

S=h=7?

Let 'v{ be the initial velocity.
1*! Equation of Motion

3" Equation of Motion

Vf=V‘-+at 1
0'=V‘_gt_ S—V‘-t+20[2
gt=V,~ Vi 1 vt"z
v, h:_v!.— ’+'2‘(—-g) =
g e
g 29 g

36.

" momentum and why?
Momentum of an object is given by

Ans.

A rubber ball and lead ball of same size are moving with same velocity. Which ball have greater

p=mv

' Let the rubber ball has mass (rm3) and velocity v

37.
" Ans,

Lead ball has mass (m;) and velocity v

So, p,=myv
p, = m,v
3 Py my¥
Pi: Bl
p,  m,
Since m, >m,
or P> > P :

So, momentum of the lead ball is greater than the momentum of the rubber ball.

What is the difference between open and closed system?
Open System: An open system is the one which can exchange both energy and matter with'its surroundings.
Closed System: A closed system is the one which can exchange only energy and no matter with its

.surroundings.

38.
Ans.

- 39,
Ans,.

- As

Why a motorcycle’s safety helmet is padded? o ‘

A motorcycle's safety helmet is padded so as to extend the time of any collision to prevent serious injury.
How the hairs act like a crumple zone on your skull?

The hair on the skull act as a soft zone.

Explanation:

. . = 1
JA=Fxat,so Feg

For the naked skull a force of 5N is sufficient to fracture, because here the time of collision At will be smaller and
the impulsive force ‘F’ will be more effective. : -
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For the covered skull with hair, the time of collision At is greater and the impulsive force 'F' will not b 4,

+ effective. In this case, a force of 50N instead of 5N will be required.

40.

N Ans.

41,
Ans.

Which will be more effective in knocking a bear down?
() A rubber bullet or (i) A lead bullet of the same momentum, why?

‘ 1
As I=AP=FxAL, 50 F\tm

For knocking the bear down, impulse acts on the bear. In case of the rubber bullet, the time of collision A t wij

be smaller (due to bouncing) and the impulsive force 'F' will be more effective, 7
But in case of the lead bullet, the time of collision A t will be greater (due to penetration) and the impulsive foreg

'F" will be smaller.

"So, the rubber bullet will be moare effective to knock down the bear,

What is projectile motion?
Projectile motion is the curved path followed by an object thrown or proJected into the air, under the influence

- - of gravity only.

42,
Ans.
43,
Ans,

44,
Ans,

45.

Ans,

46.

Ans,

47.

Ans.

What are two components of projectlle motion?
Horizontal motion (constant velocity) and vertical motion (accelerated motion due to gravity).

What is the horizontal acceleration of a projectile? ;

Zero, because there is no force' acting horizontally (ignoring air resistance),

Why does a projectile fall back to the ground?

Because. of the downward acceleration due to gravity.

In the absence of friction, how the vertical and horlizontal
components of velocity change? "

Due to air friction, the vertical and horizontal velocities decrease and

therefore, the height and range both decrease which make fall short of a
parabolic trajectory, as shown in the figure.

Idaal Path

Actual Path

X

In the presence of air friction, the
trajectory of a high speed projectile
fall'short of a parabolic path, .

Derive the formula for the vertical distance covered by the projectile when it Is thrown from a certain

- height h.

Let the ball (projectile) is thrown from the certain height (h). The ball will accelerate downward under the force
of gravity. ;

So, a, =g /. Viy = 0

and y=h

Using 2™ equation of motion:
1 ' 5 |
S=v,-t+;;_‘at’- . : .
For vertical motion: ' : -
1 »
y=vyt+ya,t
Ly
or h=0t+3 gt

1
_ h=zgt“2

Which quantity remains same at all points on the traj\ectory of a projectile; either velocity or
acceleration? Explain. - ‘

Because there is no horizontal directed force acting on the object on the trajector)'l of a projectile.

So, Fr=0

N
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or ma,=0
o a,=0,As m#0
So, on the trajectory of a projectile
© vy = constant
a,=0 :
. Hence, horizontal component of velocity remains same.
48. The horizontal range of projectile is four ti
Ans. Accordmg to given condition

vy, = variable
ay = ig (_g T J’ +g)

mes of its maximum height. What is angle of projectiorl?

R=4H
visin?g v/ sin2 @
or = 4
v2 - v?
“or —|(sin6) = ("“) (2 sin? §)
_ g g ' » - ' %
or 2sinBcos®=2sin2p (" sin 20 = 2 sin 6 cos ) .
or 1xcos8=5sin0 :
sin O :
or . COS e ] 1
or tan6 =1 .
or iz 21 0=tan' (1)

49, [fthe angle of projection of a projectnle ls zero. What is its maxlmum height? _
Ans. According to given condition: : ' 7

8=0° ads Josti (T_he angle of projection)
ng. Height)of the projectile: - e
J v? sin? @
ookt S=a .
~v2 (sin 0%% . : e : v Wy ;
T2 NS ' 2
v2(0) . R :

=? - -.('.’.sm0°.='0) . s L0

H=0"

50. - For.what value of the angle of projectlon the range of pro;ecttle is half of its maximum possible value?
Ans. The range of projectile is:- :
e . V‘Z
R =~ sin 26
_ LG
For Max. Range: - ,
sin 20 = 1 (Max. Value)

29 =sin”' (1)
= 90°
G = 45°
e . '
3 i { 4 2
‘R="—"sin20 Sl 3 : ST
As R =g e i
; v?
So - Renax =

)
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‘51,

Ans.

52.

Ans,

53.

Ans.

54.

Ans.

55.

Ans.

56.

Ans.

57.

Ans,

58.

Ans,

‘59,

Ans.

60.

Ans.

61.

Ans.

Hence R = Ryax Sin 20
According to given condition

ij\
2 " F

R» ]
or : *5‘1' = Ropax $IN 20

in 20 1
or sin 20 = 5

1

or 20 = sin™! (‘P‘)
or .20 =30° ‘
or 6= 15°

Give one example of an elastic collision.
Collision between law steel balls or gas molecules,

Give one example of an inelastic collision.
A car crash where the cars stick together after colliding.

Isgnomentum conserved in both elastic and inelastic collislons?

“Yes, momentum is always conserved in both elastic and inelastic collisions.

Is K.E. conserved in an inelastic collision?

No, some K.E. is converted into other forms of heat, sound or deformation.
What happens to the total energy in an inelastic collision?

Total energy is conserved, but K.E. is not,

What is perfectly inelastic collision?

It is a type of inelastic collision where the collldmg bodies stick together after impact.
What is conserved in all types of collisions?
Linear momentum.

Can K.E. increase after a collision?

Only in explosive collisions (m special case)
decreases.

Write two signiﬁcances of veloclty tlme graph?

It significance is asfollows:
(i) Todetermine speed of body at any instant of tume

(li) To determine acceleration of a body.

(iii) to determine total distance travalled by a body in a given time Interval

When two objects move in opposite direction one will have positive momentum and other ncgatlve
Why? o

As we known;

P=mxv .
() _Momentum is a vector quantity and has the same direction as velocity. The object moving in direction of

velocnty will have positive momentum while object moving in oppositive direction of velocity will have

. negative momentum.
(i) - Also, for linear momentum to be conserived after collision, both objects must rebound with same

velocities but in opposite directions.

How would you elaborate the importance of head rest of car seat?
If a car crashes into back of another car, the heard rest of the car seat can save us from neck injury, It helps to
accelerate the head forward with same rate as rest of our. body.

otherwise in elastic it remains the same, and in inelastic, it
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62.

Why kinetic energy is not conserved in inelastic collision?

Ans. In an inelastic collision, kinetic energy is not conserved because during collision same of the kinetic energy is

63.

Ans.

Ans.

65.

" Ans.

transferred to other forms of energy like thermal energy, sound energy, material deformation etc.

Find the change in momentum for an object subjected to a given force for a given time and state law of
motion in terms of momentum.

According to Newton’s second law of motion,
7 Force = Mass x Acceleration

. : m(v,— v

or F=ma-= _'_—';l)

t- s
L L Tl SRR Y
t TR :
Hence in terms of momentum, Newton's second law of motion may be defined as follows: according to this law,
time rate of change of momentum of a body is equal to the force applied on the body.
Define impulse and show that how it is related to linear momentum?

lmpullse When a large force acts for a very short interval of time, the product of force and time is called
impulse

_ ‘ * Impulse = Forceleme = Fxt -
We know that .

: m(v,-v)
or B s ——ft—‘~
mv,—mv,
or’ F =_L't_£
or ' Fx t=mv,- mv, = change in momentum of the body

.State the law of conservation of linear momentum, pointing out the importance of isolated system.

Explain, why under certain conditions, the law is useful even though the system is not completely
lsolated?

Law of Conservation of Momentum:

Total linear momentum of an isolated system always remains constant.

Importance of Isolated system:

Law of conservation of momentum holds only for |solated systems othenmse itis not vahd

: Application for not completel y isolated systems:

66.

Ans.

When the effect force (like frictional and gravntatlonal forces) is negligibly small as compared to the forces
between the interacting objects, then this law become apphcable

‘Explain the difference between elastic and inelastic collisions. Explain, how would a bouncing ball behave

in each case? Give plaumble reasons for the fact that kinetic energy is not conserved i in most cases.

Elastic Collision: It is that collision in which both linear momentum and kinetic energy are conserved.

Inelastic Collision: It is that collision m which linear momentum is conserved buit kmet:c energy is not
conserved.

Explanation: Suppose a ball is dropped on the floor. 1f the ball rebounds to its original helght, then the
collision is elastic. But if the'ball does not rebound to jts original height, the collision is inelastic. In this case,
some kinetic energy is lost due to friction, because some kmetic energy is converted into sound energy and heat

energy during collision. - ‘
Non-conservation of kinetic energy In most cases, kinetic energy is not conserved, A part of kinetic energy is

" lost due to friction. Some kinetic energy is converted into sound energy and heat enerdy during collision.
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67.

Ans.

Explain, what is meant by projectile motion? Derive expressions for:
(a) The time of flight (b) The range of pl’?jE(Etlle -
Show that the range of projectile is maximum when projectile is thrown at an angle of 45° with the

horizontal. : 4 f o
Projectile Motion: When a body having a constant horizontal velocity moves under th_e actnop of gravity, it
y is called projectile motion. Thus projectile motion is the two-

follows a curved path. Such a motion of the bod tion Is |
dimensional motion” under coristant acceleration due to gravity. Path followed by the projectile is called

trajectory. o . -
Time of Flight (T): The time taken by the projectile from the point of projection to the point where it hits the

ground is called time of flight. Thus vertical distance is zero te,
S=y=0alsoa=-g,t=T :
We know that

1
‘ S=vi+3 at?
For vertical motion,
1 :
Yy=vl- Egtz
o 1
or y=vsin0t-—5gf
ot P :
or ‘ 0=\45|n8T—29T .
; 1:
or . vsin8T=35g7
2v;sin ©
or ) =
g g s Pl
red by the projectile in the horizontal direction is -called

Horizontal range (R): Maximum distance -cove

~ horizontal range of projectile.

For horizontal motion,

S=R : Y 0.2 T
2v;sin 6
. ViT Ve =ViCosO - ; t=T= B
We know that
s= vt + %at’-
; 2v;sinf 1
.or R=V‘..C059)<T+5x0xt2
: vZsinBcos 6
- N o,
v?sin 6
’ : R 3 g ‘_. ; ) 5 )
Maximum horizontal range (Rm.x): We know that horizontal range of projectile is given by
- v2sin 20 : ‘
= = | <
_ Horizontal range R is maximum when sin 26 is maximum
Since . sin20=1 ” ;
260 =90°
8=45°

Maximum range is given by,
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alle |
Rm.n - ==

68. What is rocket propulsion?

Ans. It is the motion of a rocket caused by the explosion of gases at high speed in the opposite direction,
69. What is the source of thrust in a rocket?

Ans. The high-speed exhaust gases expelled from the rocket engine,

70.. Why can a rocket work in space where there is no air?
‘Ans. Because.rocket propulsion does not require

air; itdepends on the reaction force from expelling gas.
71. What is thrust? :

Ans. Itis the force that propels a rocket forwards generated by the explosion of gas.
72. What is the role of fuel in rocket propulsion?
* Ans. The fuel burns to produce hot gases, which are expelled to generate thrust,
73. What happens to the mass of a rocket as it moves upward?
Ans. It decreases because fuel is burnt and gases are expelled,
74. Why does a rocket accelerate as it rises?
Ans. Because its mass decreases while thrust remains, increasing acceleration according to Newton's second law,
75. What is the source of thrust in a rocket?
Ans. The thrust comes from the high-speed exhaust gases produced by burning fuel.
76. What is meant by the term “recoil velocity” in rockets?
~ Ans. Itis the velocity with which the rocket ‘moves in the opposite direction of the expelled gases.
77. What is the momentum conservation principle in rocket propulsion?

Ans. The total momentum before and after gas ejection is conserved; the rocket gains momentum equal and
opposite to that of the gases.

78. What is the effect on the speed of a fighter plane chasing another when it opens the fire?
.Ans. When the fighter plane opens fire, its momentum will be in back direction due to reaction force in backward
direction and therefore, its speed will decrease. When the pursued plane opens fire in back direction, its

_momentum will act on the plane in forward direction due to reaction force in the forward direction and
therefore, its speed will increase.

79. How does the rocket propulsion take place?
Ans. Motion of rocket is based on the [aw of conservation of momentum and Newton's third law of motion.
Propulsion:
. Rocket moves up by ejecting burning gasses from its rear part.
. When fuel'is burned, it turns to high pressure gases.
"o These gases come out from the engine with very high velocity. :
. The rocket gains momentum equal to the momentum of expelled gases but in opposite direction.
o - Rocket continues to gain more and more momentum as long as engine of the rocket continues to expel

gases.

SOLVED EXERCISE
I MULTIPLE CHOICE QUESTIONS

- ’

Tick (v) the correct answer. _
2.1 The angle at which dot product becomes equal to cross product:

(a) 65° (b) 45° v : (c) 76° (d) 30°
22 The projectile gains its maximum height at an angle of. ~
(a) 0°. (b) 45° (c) 60° : (d) 90°V

23 The scalar product of two vectors is maximum if they are: i
(a) perpendicular (b) parallelv” (c) at 30° (d) at4s®
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24
2.5
2.6
27

2.8

2.9

2.1

Ans.

2.2

Ans,

The range of projectile is same for two angles which are mutually: y G
(a) perpendicular (b) supplementary (c) complementary

The acceleration at the top of a trajectory of projectile is: he »
(3) maximum (b) minimum (c) zero g

St unit of impulse is: | ; ;
(a) kgm s (b) Nm (© Nsy” : (d) Nm
The rate of change of momentum is: :

(a) forcey” (b) impulse (c) acceleration (d) power

As rocket moves upward during its journey, then its acceleration goes on:
{a) increasingy” (b) decreasing _

(c) remains same (d) it moves with uniform velocity
Elastic collision involves:
(a) loss of energy : (b) gain of energy . J
(c) no gain, no loss of energyv” (d) no relation between energy and elastic collision

SHORT ANSWER QUESTIONS

State right hand rule for two vectors with reference to vector product.
The right hand rule for two vectors w.r.t.the vector (cross product) is stated as follows:

_)
“If you point the fingers of your right hand in the direction of the first vector (A) and then curl them toward the
-5 =

direction of the second vector ( B ), your thumb will point in the direction of the cross prcduct (A xB)"
Define impulse and show how it is related to momentum.
Impulse is defined as the change in momentum of an object when a force is applied over a period of time.
Mathematically, impulse is equal to the product of the force F applred to an object and the time duration At for
which the force is applied:

Impulse = F x At ,
Momentum is the quantity of motion an object has, and it is the product of the object’s mass m and its velocity
. _ ,
Thus - p=mv

Relation between lmpulse and Momerntum:

23

Ans.

0]

(i)
(iii)

The relationship between impulse and momentum comes from Newton's second Iaw which states that the
change in momentum of an object is equal to the impulse arplied to it. This can be written as:
‘AP =J.

where:
* * APis the change in momentum (frnal momentum P¢ minus initial momentum P),

. J is the impulse.

So, the change in-momentum of an obJect is equal to the rmpulse applied to it. This principle is known as the
Impulse- -momentum Theorem. :

In summary:

Thus FAt=m (v,i- v) \

Differentiate between an elastic and an inelastic collision. ;

Elastic and inelastic collisions are two different types of collisions based on the conservation of kinetic energy
and other factors: i :
Elastic Collision :

Kinetic Energy: In an elastic collision, kinetic energy is conserved before and after the collision. The total kinetic
energy of the system remains the same.

Momentum: Momentum is conserved, just like in any other type of collision. :
Deformation: There is no permanent deformation of the objects, and they do not lose energy to sound heat, or

other forms of energy.
Example: Idealized collisions like two billiard balls colliding, or atoms in an ideal gas.

-
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2. Inelastic Collision

H T P r " %

0] Kmetnzﬁnfe gy: lnfan inelastic collision, kinetic energy is not conserved. Some of the kinetic energy is converted
into other forms ot energy, such as heat, sound, or internal energy.

(i) Momentum: Momentum is still conserved, as it always is in isolated systems.

soe formatlon Ob ects can U||delg() mMm i
("|) e J defO at‘on N al"ld th
I I ) ey may stick toget er or lose some e“8|gy

Example: A car crash or a ball hitting the ground and bouncing back with less speed.

2.4 Show that rate of change in mMomentum is equal to force applied. Also state’ Newton's second law of :
motion in terms of momentum. ‘ S

Ans. To show that the rate of change in momen
definition of momentum,
ie. P=mv

* Now, the rate of change of momentum with respect to time is:

tum is equal to the force applied, we can start from the basic

AP
At =A (mv)

Assuming the mass m is constant, this becomes:
AP
e mAv

The term Av is the acceleration a. So, we have: H
AP
ac e

By Newton's second law, force is thé product of mass and acceleration. So,

F=ma
us At . R ‘

This shows that the rate of change of momentum is equal to the force applied.
. Newton'’s Second Law in Terms of Momentum .
Newton's second law of motron when expressed in terms of momentum, states that;
AP » :
At . :
‘This means that the force actmg on an object is equal to the rate of change of its momentum with respect to’
; tlme -
. 25 State Iaw of conservation of !mear momentum Also state condltlon under which it holds.
Ans. The law of conservation of linear momentum states that the tota1 linear momentum of an isolated system
remains constant if no external forces act on'it. : Viheh e
Mathematrcally it can be exp_ressed sy s : ' s e Tt :
p:nmal pﬁnal :
where p = mv is the linear momentum, m is the mass, and v is the velocrty of the objects
Condition under which it holds: :
* - The system must be isolated, meaning no external forces or torque are acting on the system.
'+ The forces must be internal to the system, such as the forces between objects in the system which cancel out in

terms of the net effect on the system’s total momentum.
In-cases where external forces are present (e.g., friction, gravrty) the law does not apply in |ts strict form unless

those external forces are balanced.

2.6 Show that range of projectile is maximum at an angle of 45°.
Ans. To show that the range of a pro;ectlle is maximum at an angle of 45°, Iet us first derive the formula for the range

of a projectile. - - e _ ;
When a projectile is launched at'an angle @ with an initial velocity v;, the honzontal and vertical components of -
the initial velocity are: ' g

* . Horizontal component: vy


https://v3.camscanner.com/user/download

. Vertical component: vg,

The time of flight T can be calculated by considering the vertical
takes for the projectile to rise and fall back to the same level, and i1s given by

2v sing

g .
The honzontal range R or the distance the projectile travels horizontally, is g

multiphed by the ume of flight.

| motion. The total time of flight i1s the time it

=
iven by.the horizontal velocity

(2 v, 5in 6) }
e, R=v,xT=vcos0™ g
Simphfying this expression:
v?sin 20

L A A‘

Now, to maximize the range R, we need to maximize 20 because the other terms (v, and g) are constants. The

sine function achieves its maximum value of 1 when:
sin 28 = 1 which occurs when 20 = 90°

Thus 8 = 45°
Conclusion: The range R of a projectile is maximum when the angle of launch @.is 45°,
2.7 Find the time of flight of a projectile to reach the maximum height.
Ans. The formula for time of flight is:

v, sin®
9

At maximum height, the vertical component of the velocity becomes zero. The formula is derived by setting the
final vertical velocity v, = 0 in the equation given below: )

t=

vyzvlsina—gt

0=y sinB-gt
or gt=v,sin®
~v,sinf b
or t=
g ' *

2.8 The maximum horizontal range of a projectile is 800 m. Find the value of height attained by the
projectile at 0 = 60°.
Ans. Given that; ¢
Maximum horizontal -range Rmax = 800 m
Angle of projection for maximum height 8 = 60°
The formula for maximum range of a projectile is:

Viz
Roax=
- or Vi2 = VRmax xg

= 800.m x 9.8 ms2
o Do N TBA0 @S
So V52 = 8855 ms™" b
The maximum height H is given by

vi2 sin? @
H = ——

29
Putting the values v
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21

Ans.

2.2

Ans.

(i)
(i)

(iii)

2.3

Ans.

@i

(ii)
(iii)
(iv)
v)
(vi)

24

Ans,

0]

(88.55 ms™1)? x sin? (609

2x98 ms’z
H=300m

[ CONSTRUCTED RESPONSE QUESTIONS

why does a hunter aiming a bird in a tree miss the target exactly at the bird? . :

. 2 F'd i
This haP'PESEﬁ?:;aIUSE;S; t;-? mechgnncs iInvalved in aiming at a moving target and the effects of gravity. If a
hunter a'mh_ : y at the bird, gravity pulls the bullet (or arrow, if using a bow) downward as it travels through
the air. In this case, the bullet or arrow will fall to the ground before reaching the bird. -
Hov;ever,t;hehre:tson Fhe hunter misses exactly at the bird has to do with the concept of lead in shooting, which
Is whleret t'e :r‘ er aims anead of the target (considering its movement and the projectile’s trajectory). But if the
bird is stationary, gravity is still at play, and the projectile will be pulled down, meaning the shot will miss at the
point where the bird was located.
In essence, the hunter's aim at the bird does not take into account the gravitational drop of the projectile,
causing a miss that appears perfectly aligned with the bird at that oment.

A person falling on a heap of sand does not hurt more as compared to a person falling on a concrete

floor. Why? ! |

Wihen:a parsos falls onto a heap of sand, the sand acts as a cushion that absorbs the impact and slows down the

person’s descent. This gradual deceleration reduces the force exerted on the'body. In contrast, when falling onto
a concrete floor, there is very little flexibility. The concrete does not absorb the impact, leading to a rapid
deceleration, which results in a much greater force being applied to the body, causing more injury.

The key factors are: : ,

Impact Force: The sand spreads out the force over a longer time, reducing the peak force on the body.

Surface: The sand gives way and molds around the body, reducing the sudden stop. The concrete, being rigid,

doesn't deform, causing the body to stop abruptly. - -

Energy Absorption: The sand absorbs some of the energy of the fall, whereas concrete reflects almost all of it
back to the body. : ‘ .
This difference in how the materials interact with the body explains why falling on sand generally causes less
injury compared to falling on concrete. : '

State the conditions under which birds fly in air.

Birds can fly in air under the following conditions:

Sufficient air density : : ;

The air must be dense enough to provide lift when birds flap their wings. This is why most birds cannot fly at
extremely high altitudes where the air is too thin. , :

Wing structure and strength ' _

Birds need strong, light weight wings with the right shape (air foil) to generate lift and thrust.

Muscle power ' ‘ 2

Birds must have strong flight muscles, especially the pectoral muscles, to flap their wings with enough force.

Favourable weather conditions . -
Calm or moderate wind conditions are ideal. Strong winds, storms, or heavy rain can prevent or hinder flight.

Adequate space
Birds need enough space to take off, glide and land safety.

Health and energy » : e
Birds must be healthy and have enough energy (from food) to sustain flight.

Describe the circumstances for which velocity and acceleration of a vehicle are:

(i) viszero but a is not zero
(ii) ais zero but v is not zero
(iii) perpendicular to one another

Here is a breakdown of the situations described: : ) s
Velocfty is zero but acceleration is not zero: This occurs when the vehicle is at rest at a particular moment but

is experiencing a-change in velocity. A typical example is when a car is at a stop sign, but the driver suddenly

-
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starts to accelerate, meaning the velocity is zero at that instant but the car is accelerating from rest. This coy|q
also happen when an object reaches the maximum height in projectile motron where the velocity momentamy
becomes zero but acceleration due to gravity continues to act downward. ‘.

(i) Acceleration is zero but velocity is not zero: This occurs when the vehicle moves at a constant speed in 3
straight line. For example, when a car moves at a constant velocity on a flat, straight road, the acceleration jg
zero because there is no change in the speed or direction of the vehicle. This is a scenario of uniform motion,

‘ where the velocity is constant.

(iii) Perpendicular to one another: This situation occurs when the velocity and acceleration vectors are at a 9.
degree angle to each other. An example of this would be an object moving in uniform circular motion. For
instance, a car moving in a cikcle at constant speed: its velocity is tangential to the circle (pointing along the
direction of motion), while the acceleration ‘(centripetal acceleration) points toward the center of the circle,
perpendicular to the velocity.

2.5 Describe briefly effects of air resistance on the range and maximum height of a projectile.

Ans. Air resistance reduces both the range and the maximum height of a projectile. It opposes the motion of the -
projectile, causing it to slow down more quickly than it would in a vacuum. As a result, the projectile does not
travel as far horizontally (shorter range) and does not rise as high vertically (lower maximum height).

COMPREHENSIVE QUESTIONS_ |

2.1 Define and explain scalar product Write down its important characteristics.
Ans. See Q. 4. .

22 - Define and explain vector product of two vectors. Discuss |mportant characteristics of vector product
Ans. See Q. 5.

2.3 Derive three equations of motion by graphical method.
Ans. See Q.6,Q.7 and Q. 8. ‘
2.4  What is projectile motion? Explain.
Ans. See Q.11 and Q. 12. ,
2.5 Derive the following expressmns for pro;ectile motion:
: (i) tlme of flight
(i) hel_ght attained , , :
: (iii) range for projectile. ] : = . -\ T
£+ See Q. 13. e ‘ -

2.¢  Zxplain elastic collision in one dlmenslon Show that magmtude of relative velocntles before -and after
collision are equal. ‘ '

An:.. See Q.18.

‘2.7 Explain elastic collision in two dimensions.
Ans. See Q. 20. '

" 2.8 Explain an inelastic collision in one and two dimensions.
Ans, See Q.19 and Q: 21

NUMERICAL PROBLEMS :
| 2.1 The magnitude of cross and scalar products of | ["A’ 2 _B)] - AB sme i 4\/5 )
~ two vectors are 413 and 4, respecti\'rely.\Find " Magnitude of dot product:
the angle between the vectors. - - K 45
‘ : , _ [A.B]=ABcosb =4 §,o0n % 2 A (i)
Solution: : 4 , Dividing Eq. (i) by 2 (ii) '
~ Given that: : * ABsin® 4 \E‘
Magnitude of cross product of two vectors '-'4‘\/5- ' AB cos 6 ~
Magnitude of dot product of two vectors = 4 ~ i tan .= \]‘
Calculations: : ; L, R
or " 6=tan (\ﬁ)
of cross product: ;

o T 6=60°
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A helicopter Is ascending vertically ag thq rate of
19,6 m s”'. When It Is at o helght of 156,08 m
above the ground, a stone Is dropped, How Ilon

does the stone take to reach the ground? 9

22

Gw‘m Data:
Initial velocity = v, ='19,6 ms™

Atcelgration = a = -g = -9.8 me-2
Distance = S = ~156.8 m
Required: .
Time=t= ?
Calcnlationss ‘
1" Method: 'When stone is dropped from point P,
it will not come down directly but it will rise to
maximum height up to point Q and then will fall

freely.
h' =156.8m
First, we calculate time taken from P to Q.
_ Atpoint P, Vv, = 19.6 ms-1
At point Q, Vg =
Using equation of motion,
Vi=v-gt
0=196~9811
981t = 196
_196
Ll
t1=2s

Height from P to Q = hy

2(-9.8) hy = (0)2 - (19.6)
-19.6 hy = -19.6 x 19.6

N

. hy = 19.6m
Total height = h = h' + Iy
h.= 156.8 + 19.6
h=1764

Time from Q to R
v; = 0 (at Q) for downward motion

Q
= T
by \
¢
h:h'+h1
hl
L bo | e

Fig: Problem 3.1

v = 0 (at Q) for downward motion
|
h =ty + "?:gt,’

1
1764 = (0) t + 5 (9.8) 1,

176.4 » (4.9) t,?
176.4
CETE
t22 = 36
Taking square root on both sides
t) = 6%
Totaltime s t =ty + t
’ Ta2+6
Required time = 8s
2" Method: ‘
Initial velocity = v = 19.6 ms™'
Acceleration= a = -g = -9.8 ms™
Distance = 5 = - 1568 m

’

Time=t=?
Using:
' 1 2
S=v.t+5at
el .
$=v|t+'igt
! g
or ~1568m = 196 x t -5 x 9.8 ms™® x 1
or =32 =4t-12
or t-4t-32=0

or  t?-Bt+4t-32=0

or  t(t-8) +4(t-8=0

or t-8)(t+4)=0

or t=8 -4s

Time is always positive. Therefore, we neglect the
negative value of t.

Thus |Required timelst = 8 5|

23 |If|A + B| = |A - B|, then prove that A and B are
perpendicular to each other.

Soluilon:
We are given that;

e
|A+B|!=|A-B|

- -
We have to prove that A and B are perpendicular
ie.,

- —>
A.B=0
Squaring both sides to eliminate the magnitudes:
- - - -
|A +B[2=|A-BJ]
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ar

—p > e
Use the identity [ X]° = X . X
N T T T T

(A+B).(A+B)=(A-B).(A-B)
- -p - - -y - - = > —
A‘.A)42A’.B>+B,.B):A.A "2A . B +B.B
-y =) 5 =3
or 2(A.B)=-2(A.B)

- =
Adding 2(/\) B) to both sides
2A.B)+2A.B)=-2A.B)+2A.B)
- =
or AA.B)=0
B

or A.B=0

Conclusion:

2.4

- - .
Since the dot product is zero, so, A Lar B ie.,

—) -y .
angle between A and B is 90°,
A body of mass M at rest explodes into 3 pieces,
two of which of mass M / 4 each are thrown off
in perpendicular directions with velocities of 3

m s“ and 4 m s, respectively. Find the velocity
of 3" piece with which it will be flown away.

Solution:

Given that:
A body of mass M at rest.
It explodes into three pieces. R @
Two of the pieces have mass m/4 and are ejected.
One moves with velocity 3 ms™ in some direction.
The other moves with velocity 4 ms™ in‘a direction
perpendicular to the first.- ;

My M
The third piece must have mass M 2 (4) =5
To find: The velocity of. third pnece :

Conclusions:

Since initially the body was at rest, the total
momentum before explosion is zero. So,.the vector
sum of the momenta of all three pleces must also

" be zero:

Let :
Piece 1 (mass = M/4) moves in the x- d:rectlon W|th
velocity of 3 ms™’, “

Piece 2 (mass = M/4) moves in the y- dnrectlon wuth
velocity of 4 ms~",
Piece 3 (mass =

M/2) must move such that total
momentum’'= 0. ;

Computmg Momentum Components

x- component

_AME,
—4ms

M 1
Precev1: Py, = 2 3 ms”

Piece2:p, =0

Let piece 3 has velocity:
V= (Vy, vy), 50

M
px3 = XV, |
Applying conservation in x-direction
M
%ﬁ' +0+ 3 V= 0
» Mo 3M
or va =-"2
or ¥ = _? = 1.5ms”’
Applying conservation in y-direction:
M
0+M+ 2 T 0 {
M
or N vy -M
s ~1
or Vg 2ms”

For finding. the magnitude of velacity of third piece:
v 2-v?-—\/( 1.5 ms~ T2 + (-2 ms™ )2
=/2.25 m%s 25-2

= ‘\/6.25 m?
—\./vxz + vyz =25 ms'1

Thus, the third piece moves with the velocity of 2.5
ms:’

2+ 4m?s

-two pieces. . .
25 A crlcket ball is hit upward W|th velocity of 20 m
! at an angle of 45° with the ground. Find its:
(a) time of flight : (b) maximum height
(c) how far away it hits the ground -
Solution: -
Given data:
Angle 6 = 45°
Velocnty v=20ms"
* Acceleration due to gravnty g =9.8ms™
" To Find: :
(@) Time of flightt =?
(b)  Maximum height h = ?
(©) - -Horizontal range Ry =2
.. Calculations: :
(@) For calculating time of flight, we use the Formula:
‘ 2V sime .-, -
s

9
Puttlng the values

2 X 20 ms™ xsm45°’
3 9.8 ms2

, opposite to the resultant velocnty vector of
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2x20ms! x 0.707
9.8 ms™ ¢

$in 45° = 0,707)

(b) For the calculation of _maximum helght we use the
Formula:
, v?sin® 0
Hmax = 29
putting the values
_ {20 ms™"Y? x (sin 45°)2
mXT 2% 9.8 ms2
_ 400 m?s™? x (0.707)?
B
Humax= 102 m
.(¢) To find horizontal range, we use the Formula:
- vZsin26
R, =" g_ -

Putting the values
(20 0 ms™2 (sin 90°) -
H™ .98 ms'2
400 m?s2 x 1
= 98 ms2 : A

2.6 A 20 g ball hits the wall of a squash court with a
" constant force of 50 N. If the time of impact. of
force is 0.50 s, find the impulse.
Solution:
Given data:, ,
| ‘Massof ball  m=20g= 0002 kg 4
| .Constant force F=50N" .
t=050N -

sin-90° = 1)

| Time of impact
| To Find: o
3 ~Impulse = ?
Calculations: 3
" The impulse exerted on an object is glven by the
Formula: :
Impulse =.Force x Time
Putting the values - :
lmpulse~ SONxSOS- 25Ns
A ball is klcked by a footballer. The average
force on the ball is 240 N; and the :mpact lasts
for a time interval of 0.25 s.
(a) Calculate change in momentum-
‘(b) State the d|rect|on of change in momentum
— Solutlon '
leen data:
Average force

2.7

8 24ON

To Find:
(@) Change in momentum Ap = F x t
(b) Direction of change of momentum = ?
Calculations: e
(@) Changein momentum = Impulse = Ap = Fx t
Puttmg the values >
Ap = 240 N x 0 25 s
- Ap = 60 kg ms™
(b) The direction of change in momentum is the same
as the direction of the applied force, which is in the
: direction, the ball is kicked. :
2.8 An aeroplane is moving horizontally at'a speed
of 200 m s~ at a height of 8 km to drop a bomb
on a target. Find horizontal distance from the °
- target at which the bomb should be released
Solutlon
‘Given data: S
Height = h = 8km =8000m. -
Horizontal speed of aeroplane v, = 200 ms“1
Acceleration‘due to gravnty g=98ms"
To find:
*Horizontal distance = ?
Calculations: ‘
Time taken to fall: :
. Using the equation for free fall ;
'_\/_?_h_ [2x 8000 m
ooy SRR N0 a2
- =\[1632652 = 2045
Horizontal distance
S=vxt : .
S=200ms™" x 404 s = 8080 m = 80.8 km
Thus, the bomb should be released 8080 m or 8.08
~"km before reaching the target.
2.9 Why does range R of a projectile remain the
~ same when angle of projection is changed from
0 to 0’ = 90° - 0. Also show :that for
complementary angles of projection, thﬂatlo
R/ R’ is equal to y 3 -
Solution:
The formula for the range R of a projectile is:
: ‘vi sin 26 A
R=" 9 , o
Now, let us see what happens if we replace 6 with

o' =90° -0

. Impact time t=025s


https://v3.camscanner.com/user/download

2.10

v sin (20 v, sin [2 (90° - 0)]
R' = =

g g
v2 sin (180° - 20)
R =
9
Since sin (180° - x) = sin x, therefore,
~v;2 sin (20)

Rl=—""—"=R

g

Conclusion:
The range is the same for complementary angles 6

and 90° - @.
To show that for' complementary angles of

projection thel ratio R 1.
From the above derivation:
: viz sin (20) vi2 sin (28') '
= 9 andR' = —g— *

Since sin (20") = sin (180° - 20) = sin 26, then
R Vsin (20)/g
R = v‘.2 sin (26)/g -
Thus, the range remains the same because

= 1 for

sin (26) = sin [2 (90 - 0)] and the ratioERT

complementary angles.

A trolley of mass 1.0 kg moving with velocity
1.0 m s~ collides with a similar trolley at rest:

(i) after collision, the 1" trolley comes to rest .
whereas the second starts moving with
velocity of 1.0 m s™' in the same direction.
Show that it is an example of an elastic
collision.

after the collision, they stick together and
move away with a velocity of 0.5 m s-1.
Show that it Is an example of an inelastic
collision.

(i)

Soiutlon:

Given data: .
Mass of both:trolleys m = 1.0kg

Initial velocity of trolley 1 = v, = 1.0 ms™
Initial velocity of trolley 2 = v, = 0 ms™"

 Calculations: Let us analyze both situations using

@i

the principles of momentum and kinetic energy
conservation. :

Elastic collision
After collision;

Final velocity of trolley 1 = v,” = 0 ms™

i)

2.1

: PFinal = mv.& 2 kg x ms™1 = 1 kg ms! - _ |

‘= -1
Final velocity of trolley 2 = v,' = 1.0 ms™"

Conservation of momentum:
According to law of conservation of momentum;

Initial momentum = Final momentum
mv, + mv, = mvy’ + mv,’
1.0kgx1.0ms™ +1.0kgx0ms™ =
1.0kg x 0 ms™" + 1.0 kg x 1.0 ms™!
1kgms~' = 1kg ms™
So, momentum is conserved.

Conservation of K.E.: _
According to law of conservation of energy:

* KEnitial = KEfinal
1

' 1 &, 1Ny

K.Einitial = 5 MR 7.0V,

-, 3

%x 1.0kg x1.0ms™ +5x 1.0kg x O ms™ = 05
1 3

K. 3

Erinal = 5% 1.0 kg x 0ms™" + 5 x 1.0 kg x

«

1.0ms™1 =05
Thus KEmnitial = K.Efinal

"So, kinetic energy is conserved.

Conclusion: This is an elastic collision, as both
momentum and kinetic energy are conserved,

Inelastic Collision
After collision, both trolleys stick together and

move with velocity equal to 0.5 ms™1,’

Conservation of momentum

Pinitial = mv, = 1.0 kg x 1.0 ms~! = 1 kg ms™?

As combined mass of both the trolleys equals 2 kg,
therefore,

So, momentum is conserved.
Conservation of kinetic energy:

1 1 .
KEmnitiat =3 mv,2 =5 x 1.0 kg x 1.0 mst" = 0.5 J

1 1
KErinal = 3 mv? =5 x 2 kg x (0.5'ms™)2 = 0.25 J

As KE izl is not equal to K.Efinal , S0 K.E is not
conserved. PRy .
Conclusion: This is ap inelastic  collision, as
momentum is conserved but K.E is not.

A railway wagon of mass 4 x 10* kg moving
with velocity of 3 m s™! collides with another
Wagon of mass 2 x 10* kg which Is at rest. They
stick together and move off together. Find their
combined velocity.
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golution:

2.12

(b) -

Given data:

Mass of firstwagon = mq = 4 x 10% kg
velocity of first wagon = v; = 3 ms™?
Mass of second wagon = m; = 2 x 104 kg
velocity of second wagon = v, = 0 ms~"
To find:
Combined velocity of wagons v=7?
Calculations:  After the collision, they
together. So,ita perfectly inelastic collision,
Let the final combined velocity of both the wagons

‘pe v. According to law of conservation Qf
momentum:

mqvy + Mava = (Mg + my) v
4x10% kg x 3 ms™ +2x104kg><0ms
10%kg + 2 x 104 kg) x v
12x10° =6 x 104 x v
TR
T 6x 104
v=2ms .
Thus, final velocity after collision is 2 ms.

A car with mass 575 kg moving at 15.0 m 51
smashes mto the rear end of a car with mass

stick

= (4 x

1575 kg moving at 5 m s™' in the same direction. .

(@) What is the final velocity if the wrecked

car lock together?

How much kmetlc’energy is |ost in the
colhsuon?

Solution,

Given data: - i 6
Mass of car 1 = mq = 575 kg
| i

(i)
(ii)

(a)

(b)

Velocity of car 1 before collision vy = 15ms™",

=K, Elnmal

o
Mass of car 2 = mp = 1575 kg

Velocity of car 2 before collision vz = 5 ms
To find:

Final velocity of wrecked car vg=7?
Loss of K.E. in the collision K.ELoss = 7

1

Calculations:.
We use law of conservation of momentum:
mqvy + Mava = (My + M) Vg

575 kgx15 ms™"+1575 kgx5 ms™" = (575 + 1575)kg x v;
8625 kg ms™!

+ 7875 kg ms™! = 2150'kg x v¢

© 16500 kg ms™ -
Y= 2150 kg ms™!
Ve = 7.67 ms™]

or.

Kinetic energy lost:

1 e
4 L 2

5 m1v1 + 2 m2V2

1
= 5575 kg x (15 nns-‘)2 e 1575 kg x (5 ms-‘)2

= (0.5) (575) (225) kg? ms™2

= (0.5) (1575) (25) kg m?s™ L

= (64687.5 + 19687. 5) kg m?s2 = 84375 )

1
K. EFmaI =5 5 (my + my) v2 = 5 (21 50 kq) (7.67 ms™1)?

= (o 5) (2150) (58.85) kg m? s~

" KEfinal 7 632649J
KEost = AK.Elniﬁal + K'_Eanal = 84375 ) - 63264.9 )
~21110.1) '

KELost = 211 x 104 )
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