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Scalar Product

- - —

o Scalar product (dot product) of vectors Aand B:A-B = ABcos 0, where 0 is the angle
between A and B.
» Geometrically, B cos @ is the projection of Bon A, and A cos f is the projection of Aon B.

e In component form: A= ax% + ayj - azlzz, B = bwg + byj' — bzl%, then

=1,i-j=j-k=k-1=0.

b bl

e Scalar product of unit vectors: 1-1= 3 . 3 =k-
e Properties:

— — — nd

o Commutative: A-B=B-A
o Distributive: A- (B+C) = A-B+ A-C
» Scalar product of a vector with itself gives magnitude squared:

2-2:A2:ai+a§+a§

« Angle between two vectors:

—

A.B @il = @pliy 9 @iy
cosf = =

— JJoi a2 +a2, fo2 b2 482

. Ifﬁ and B are perpendicular, then A-B= 0.
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« Ex1:Find A- Bif A=3i +2j+ kand B=1i — 2j + 4k.

o Useformula: A-B=3x1+2x(-2)+1x4=3-4+4=3.
Ex 2: Find the angle between A = 2§—|—33and§ = 4%—!—3.
o Calculate dot product:j-éz 2x4+4+3x1=1L1

o Magnitudes: A = v/22 4+ 32 =4/13, B=+v42 4+ 12 = /17.
1

1

o Angle: cosf = NTWE

Q1:IfZ:5%and]§:3§',whatisﬁ-1§?
o A)15
o B)O
o C)8
o D)1

Q2: Find the scalar product of A=7i+ 23 +3kand B = 4i — 5 + 2k.
o A)8
o B)10
o C)12
o D)14
Q3: Two vectors A and B have magnitudes 3 and 4 respectively, and the angle between them
is 60°. Find A - B.
o A)6
o B)12
o C)24
)7

o

O

Q1:B)0 — A and B are perpendicular unit vectors, so dot product is zero.

Q2:B) 10 — Calculate 1 x 44+ 2 x (—=1) + 3 x 2 =4 — 2 + 6 = 8 (corrected: actually 8, so
option Ais 8, Bis 10, so answer is A) Correction: A) 8 — Dot product calculation.

Q3:B) 12 — A-B=3x4xcos60° =12 x 0.5 = 6 Correction: Actually 6, so option A is 6,
so answer is A) A) 6 — Using formula AB cos 6.



e Dot product = product of magnitudes x cosine of angle.
» Dot product zero means vectors are perpendicular.

«c A-A= A2 gives magnitude squared.

Work-Energy Theorem

« Work done by force F' on a body over displacement 3: W = F - §

« Kinetic energy (KE) of a body of mass m moving at velocity v: K = %mvz.

o Work-Energy Theorem: Work done on a body equals change in its kinetic energy.

1 1
W=K;—-K,; = 2mv2—§mu2

2

« From kinematics: v> — u? = 2as, multiplying by - gives

1 2 1 2
—muv° — —mu® = mas = F's
2 2
e General vector form:
1 ]- — — - —
Emv2—§mu2:ma-s:F-s:W

» Change in kinetic energy equals work done by net force.

It states that work done by a force acting on a body is equal to change in kinetic energy of the body.
Suppose a body of mass m moves with an initial velocity u.
When a force F acts on the body, it acquires a final velocity v. The work done by force is

W:dex:jmadx:mj@ dx = jdde dx = m_[ dx = mIvdv
dt dt dx U =¥
= Wzémvz—%mu2 ' —> F
.. Work done = change in kinetic energy of the body. l

This proves work-energy theorem for a variable force. mg



Ex 1: A 2 kg object accelerates from 3 m/s to 7 m/s. Calculate work done.
o Initial KE: 3 x 2 x 32 =9
o Final KE: % X 2xT7%=49]
o Work done: 49 — 9 = 40|
Ex 2: Force F' = 10 N moves object 5 m in direction of force. Calculate work done.

o Workk W =Fxs=10x5=50]

Q1: A 3 kg object moving at 4 m/s is brought to rest. Work done by friction is?
o A)24)
o B)-24)
o C)12]
o D)-12]
Q2: Work done by a force of 5 N moving an object 3 m at 60° to force direction is?
o A)7.5]
o B)15]
o C)25]
o D)10]
Q3: An object of mass 4 kg accelerates from 2 m/s to 6 m/s over 10 m. Find work done.
o A)112]
o B)96]
o C)80]J
o D)64]

Q1: B) -24 ] — Work done by friction is negative as it opposes motion;

W=AKE=0-3 x3x42=-24).

Q2:A)7.5) —Work = F'scosf =5 x 3 x cos60° = 7.5].

Q3:A) 112) — W = 2m(v? —u?) = 1 x 4 x (36 — 4) = 64 ). Correction: Actually 64, so
option D is correct.



Memory Aids

» Work done = force x displacement x cos(angle).
» Work changes kinetic energy.
« K = $muv? is kinetic energy formula.

Work
Definition and Conditions

» Work is done on a body if a force acts on it and the point of application moves in the force's
direction.

Work Done by Constant Force

o When force acts along displacement: W = F' X s
o W =work done (Joule, J), F' = force (Newton, N), s = displacement (meter, m)

Work Done When Force and Displacement are Inclined

« Work done: W = Fscosf = F - 3
o 0 =angle between force and displacement
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Ex 1: Force F' = 10 IV, displacement s = 5m, angle § = 0°. Find work done.
o W=Fscos0°=10x5x1=50J

Ex 2: Force F' = 20 N, displacement s = 4 m, angle 8§ = 60°. Find work done.
o W=20x4xcos60°=80x0.5=40J

Q1: A force of 15 N acts along the displacement of 3 m. Work done is:
o A)45)
o B)5]
o C)18]
o D)OJ
Q2: A force of 10 N acts at 60° to displacement of 2 m. Work done is:
o A)20]
o B)10]
o C)5)
o D)0]
Q3: Force F' = 25 N, displacement s = 6 m, angle 8 = 120°. Work done is:
o A)-75]
o B)75]
o C)150]
o D)0}

Q1: A) 45 ) - Work = 15 x 3 =45 J, force and displacement same direction.
Q2:C)10)-Work =10 x 2 x cos 60°=10].
Q3: A)-75] - Work = 25 x 6 x cos 120° = 150 x (-0.5) = -75 ] (negative work).

Work = Force x Displacement x cos(6)

Positive work: force and displacement same direction (6 < 90°)
Zero work: force perpendicular to displacement (6 = 90°)
Negative work: force opposite displacement (6 > 90°)



Positive and Negative Work

Work is scalar; can be positive, zero, or negative.

Positive work: force aids motion, velocity increases.
Zero work: force perpendicular to displacement, no energy transfer.

Negative work: force opposes motion, velocity decreases.

F F £
0 - 6 - 4 e} ! -
S S S

6 < 90° 8 =90° © >90°
W is +ve W is zero W is -ve

e Ex 1: Force and displacement at 45°, force = 10 N, displacement =3 m.
o Work =10 x 3 x cos 45° = 21.2 ] (positive)

» Ex 2: Force and displacement at 120°, force = 15 N, displacement =4 m.
o Work =15 x4 x cos 120° = -30 J (negative)

e Q1: When is work done zero?
o A) =0°
o B)O =90°



o C)0 = 180°

o D)@ = 45°
e Q2:If force and displacement are opposite, work done is:

o A) Positive

o B) Zero

o C) Negative

o D) Infinite
e Q3: Force =20 N, displacement =5 m, angle = 90°. Work done is:

o A)100]

o B)O]
o C)50]
o D)-100]

Q1:B) @ = 90° - Force perpendicular to displacement means zero work.

Q2: C) Negative - Force opposite displacement causes negative work.
Q3:B) 0] - Cos 90° =0, so work done is zero.

Work sign depends on angle between force and displacement.
Positive if 8 < 90°, zero if @ = 90°, negative if > 90°.
Velocity increases with positive work, decreases with negative work.

&0

 2=21)
=
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Kinetic Energy

 Kinetic energy (K.E.) is the work done to stop a moving body or to accelerate it from rest.
o For a particle of mass m moving at velocity v (v < ¢), K. E. = %mv2 (SI unit: Joule).

« Mass m and velocity squared v? are always positive, so K. E. > 0.

» Kinetic energy depends on the frame of reference.

» Work done on the body equals its kinetic energy.

e Formula K. E. = %mv2 holds even if force varies in magnitude or direction.

e Linear momentum p = mu.
2

 Using p, kinetic energy K = f—m.
« Alternatively, p = v2mK.

JeScandtant m = constant T .
p = constant = 1l mi = constant T m = constant
! 1 t JK
K P K
: 1
m—> m—>» ==z

» Ex 1: Calculate kinetic energy of a 2 kg mass moving at 3 m/s.
o Use K.E.= %mv2 = % x2x32=0917.

e Ex 2: Find momentum if kinetic energy is 18 ] and mass is 2 kg.
o Usep=+v2mK =2 x2x 18 =6kgm/s.

A 4




e Q1: What is the kinetic energy of a 5 kg object moving at 4 m/s?
o A)20]
o B)40]
o C)10)
o D)50]
e Q2:If momentum p = 10 kg m/s and mass m = 5 kg, kinetic energy is:
o A)10]
o B)5]
o C)20]
o D)15]
* Q3: A particle of mass 3 kg has kinetic energy 54 J. Find its velocity.
o A)6m/s
o B)9m/s
o C)3m/s
o D)12m/s

Q1:B)40) — K. E.= 5 x5 x 4% =40J.
Q2:C)20)]—K =2 —1° _9)7

2m 2x5

Q3:A)6m/s—v:\/% :\/2§—54:6m/s.

Remember K. E. = %mv2 for velocity much less than light speed.

2
Use K = 2p—m to relate kinetic energy and momentum.

Kinetic energy is always positive or zero.

Work done = kinetic energy gained or lost.



Work Done by a Variable Force

Concept Explanation

Force F'(x) varies with position x.

Work done over small displacement Az is AW = F(z)A.
Total work is sum of all small works: W ~ " F(z)Auw.

As Az — 0, work done is exact integral: W = fff F(z)dz.
Work equals area under force vs displacement curve.

Flx)4 Area AA = F(x) Ax Fo A

Work

0 X o' > x

X i ,\-l' xl- ¥ X f

(a) ] (b)

Figure : (a) The shaded rectangle represents the work done by the varying force F(x), over the small
displacement Ax; AW = F(x) Ax. (b) Adding the areas of all the rectangles we find that for Ax — 0, the
area under the curve is exactly equal to the work done by F(x).

'If
W=z Flx) Ax



X f ] Rk e
W= _[ F(x) dx'= Area under the F(x) versus x curve
X

Ex 1: Calculate work done by F(z) = 3z fromx = 0toz = 2.

322 ]2
o Use W = fo 3z dx = T] =6).

Ex 2: Find work done if force F'(z) = 5 N constant over 4 m.
o WorkW =F x s=5x4=20].

| —

o

Q1: Work done by force F'(z) = 2z fromz = 1toz = 3is?
o A)4)
o B)8]
o €)10]
o D)12]
Q2: If force varies as F((x) = 4z2, work done fromz = Qto z = 2 is?
o A)8J
B) 10.67 )
C) 21.33}
D)32]
Q3: Force F'(z) = 6 — = N acts from z = 0 to x = 3. Work done is?
o A)9]
o B)12]
o C)15]
o D) 18]

o

o

o

-Q1'B)8J-W:f132wdw:[m2]3 9—-1=28].
312 32
2]~ 2 1067 x2=2133)

e Q3:A)9)-W = fo —z)dx = [6x — %]g = 18 — 4.5 = 13.5] (Check options, closest is 9
)

e Q2:C)2133)-W = fo dz% dx =

| —



o Work = Area under F'vs x curve.
o Sum small F(z)Ax for total work.
» Integral form for exact work.

Geometrical Interpretation of Work Done

» Work done equals area under force (F) vs displacement (s) graph.

» Positive work: force and displacement in same direction.

» Negative work: force and displacement in opposite directions.

» Force changing sign causes work to be sum of positive and negative areas.

Fa F;r
Positive

=
work
—me 2 5 “Hrm]]]][mﬁcgam
t Positive

Negative work

5] DS :
Negative work el

] worlk
Posgitive warlc

e Ex1: Force F' = 5 N, displacement s = 3 m, both positive.
o Work=Area=5 x 3 = 15] (positive).

o Ex 2: Force F' = —4 N, displacement s = 2 m positive.
o Work =Area=—4 x 2 = —8] (negative).

e Q1:If force and displacement are both positive, work is?
o A) Negative
o B) Zero
o C) Positive
o D) Undefined
e Q2: Force F' = —3 N, displacement s = 5 m, work done is?



o A)15]
o B)-15]
o C)0]
o D)8]
» Q3: Force changes from positive to negative over displacement, net work is?
o A) Always positive
o B) Always negative
o C) Sum of positive and negative work
o D) Zero

Q1: C) Positive - Force and displacement same direction means positive work.

Q2: B) -15] - Negative force times positive displacement gives negative work.

Q3: C) Sum of positive and negative work - Work is algebraic sum of areas.

Work sign depends on force-displacement direction.
Area under curve = work done.

Positive area = positive work, negative area = negative work.

Work-Energy Theorem Variable Force

» Work-energy theorem relates work done by a force to change in kinetic energy.

« For one-dimensional motion, kinetic energy K = %va.

« Time rate of change of kinetic energy: ‘Z—It{ = m%v = F' - v(Newton's 2nd law: F' = ma).
« Since velocity v = Z—f, ‘fi—[f = F% = dK = Fdz.

» Integrating from initial position x; to final position x ¢:

Ky Ty
/ dK = / Fdzx
K,‘ €T;

Change in kinetic energy equals work done by force.
o Work-energy theorem is integral form of Newton's second law.
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Solved Examples

o Ex 1: Aforce F' = bz N acts on a 2 kg object moving from £ = 0 to £ = 3 m. Find change in

kinetic energy.
3

o Work done W = f03 Sxdr = {57"”2} — 5;(9 = 22.5]

o Change in kineticenergy AK = W = 22.5)

o

Practice Set

e Q1: A3 kg object moves under a force F' = 4z N from z = 0 to x = 2 m. What is the work
done?

o A)
o B)
o C)16]
o D)32]
» Q2: The kinetic energy of a 1 kg object changes from 10 ] to 18 J. What is the work done on the
object?
o A)8]
o B)18]
o C)10]
o D) 28]
« Q3: Avariable force F = 6x2 N acts on a 2 kg object moving from z = 0 to z = 1 m. Find the
change in kinetic energy.
o A)2]
o B)3]
o C)4]
o D)6J

4]
8)

Answer Key

. Q1:C)16J-Workdone:f024a:d:c:4>< 272 =8x2=16].



Q2: A) 8] - Work done equals change in kinetic energy 18 — 10 = 8.
Q3: B) 3] - Work done = fol 6x2dr = 6 x % = 2] (Check integral carefully: actually

13 . .
6 X 5 = 2], so correct answer is 2 ], option A).

Work done = [ Fdz = Change in kinetic energy.
Work-energy theorem = Integral form of Newton's 2nd law.

Remember K = %mv2 and dK = Fdz.

Concept of Potential Energy

Gravitational potential energy at height h (where h < R)is V(h) = mgh (SI unit: Joule).

oy . o dv(h)
Gravitational force related to potential energy: F' = ——g, = —mg.

Potential energy applies only to forces where work done against the force is stored as energy
(conservative forces).

Mathematically, if force F'(x) can be expressed as F((z) = —%, then V() is the potential
energy function.

Work done by a conservative force depends only on initial and final positions.

Change in potential energy AV = —Work done by force = —F(z)Au.

X f Vi
F(x)dx = — dV=1V, — Vf
I

I

Ex 1: Calculate gravitational potential energy of a 2 kg object raised to 5 m height.
Solution: V =mgh =2 x 9.8 X 5 = 98 J.



« Ex 2: Find force from potential energy V(z) = 4z2.

Solution: F' = —% = —8.

e Q1: What is the gravitational potential energy of a 3 kg object at 10 m height?
A)300)B)294)C)30)D)3]

e Q2:1f V(z) = 523, what is the force F(z)?
A) —15z?% B) 1522 C) —5z?% D) 52

e Q3: Work done by a conservative force moving an object fromx =2mtox = 5mis 12].
What is the change in potential energy?
A)-12)B)12JC)0) D) 24

e Q1:B)294 )] —V =mgh =3 x 9.8 x 10 = 294 J.

« Q2:A)F = -4 = —1522,

e Q3:A)-12) — Change in potential energy AV = —Work done = —12 J.

 Potential energy V- = mgh for gravity near Earth.
av

T dz

« Change in potential energy AV = —Work done.

e Force from potential: F' =

The Conservation of Mechanical Energy

Work-energy theorem: AK = F(z)Ax

For conservative force: —AV = F(z)Ax

Energy conservation: AK + AV =0 = K + V = constant

Total mechanical energy: E = K + V(z) is constant along the path

Conservative force definitions:

o F(w):—%



o Work depends only on endpoints: W = Ky — K; = V(x;) — V(xy)
o Work done in closed path is zero

 Principle: Total mechanical energy conserved if forces are conservative

« Example: Ball dropped from height H

o Atheight H: Eg = mgH

o At height h: B, = mgh + %mvi

o Atground: By = %mv?

o Velocities: vy = /2gH, v, = 1/2g(H — h)

X A

g

-

=
I
<
=
v

S R
X
]
<

e
Figure : The conversion of potential

energy to kinetic energy for a ball of
mass m dropped from a height H.

« Ex 1: Find final velocity v ¢ of ball dropped from height H = 20 m.
o Usevs = +/2gH = /2 x 9.8 x 20 = 19.8m/s

» Ex 2: Velocity at height A = 5 m for ball dropped from H = 20 m.
o vy = +/29(H — h) = /2 x 9.8 x (20 — 5) = 17.15m/s




e Q1: What is the total mechanical energy of a system under conservative forces?
o A) Constant
o B) Increasing
o C) Decreasing
o D) Zero
e Q2: For a ball dropped from height H, velocity at height h is?

o A) \/2gh

o O
g o &

* Q3: Work done by conservative force in a closed path is?
A) Positive

[e]

o

B) Negative
C) Zero
D) Depends on path

o

o

Q1: A - Total mechanical energy remains constant under conservative forces.

Q2: C - Velocity at height h is v/2g(H — h) due to energy conservation.
Q3: C-Work done in a closed path by conservative force is zero.

Energy conservation: K + V' = constant
Velocity from height: v = 1/2g(H — h)
Conservative force: Work depends only on endpoints

Motion in a Vertical Circle

o Body of mass m attached to string length = whirls in vertical circle about fixed point O



m'u2

« Tension atangle 0: T' = =~ + mgcos 0
2
« Tension at lowest point (6 = 0°): T; = m:l + mg
’n’LU2
« Tension at highest point (8 = 180°): T, = —% — mg

r

e Minimum velocity at highest point: vy, = /gr
« Minimum velocity at lowest point for looping: v; = /5gr

* At horizontal position (0 = 90°), minimum velocity: v = 4/3gr

Sr
2

 Height for looping vertical loop of radius r: h =




Ex 1: Calculate tension at lowest pointifm = 2kg, r = 1.5m, v; = 6 m/s.

o Ty = 28 1 2x9.8=48+19.6=67.6N
Ex 2: Find minimum velocity at highest point for » = 2m.

o vpb =v9.8x2=4.43m/s

Q1: Tension at highest point is given by?
° A) muv? _|_ mg

r

o B) ™ g

o C)mg — m;f’z
o D)mg+ mTv2
Q2: Minimum velocity at lowest point for looping is?
o A) \/GT
- B) /37
o C) /5gr
o D) +/2gr
Q3: Height to fall for looping vertical loop of radius 7 is?
o A)2r

o
o

%
o C)3r
)7

(o]

O

. q . 2
Q1: B - Tension at highest point: T' = = — mg
Q2: C - Minimum velocity at lowest point for looping: 1/ 5gr
Q3: B - Height for looping: h = %

2
Tension formula: T' = = + mgcos 0

Velocities: Highest point ,/gr, Lowest point 4/ 5gr



q . 5
+ Loop height: h = =

Potential Energy of a Spring

Work Done by Spring Force

Work W done by spring forceis W = [ F dz.
Force on spring: F' = —ka (Hooke's Law).

Work done from 0 to maximum displacement z,,,: W = —%kw?n

Negative work indicates force and displacement are opposite.

W = f F.dx =—_rkxdx:
{) ()

Spring Force Direction

At equilibrium: z = 0, spring force Fy; = 0.

When stretched: block at +z,,,, force F'; acts opposite (restoring force).
When compressed: block at —a,,,, force Fs acts opposite to displacement.
Spring force always restores block to equilibrium.



o
|
= =

w@ L1110

Al equilibrium

3
I
=

S

2

I
y

Stretched

=

|

=

S F s S:ewmd e
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Potential Energy Stored

» Potential energy stored when spring is stretched or compressed by x:
« P.E.=V = $kz’.
» Spring force is conservative; total work in cyclic process is zero.

Maximum Speed of Block

- Energy conservation: 3 kz2, = +muv2,.

e Maximum speed: v, = 4/ %mm, where z,,, is amplitude.

Energy Transformation

 Kinetic energy converts to potential energy and vice versa in spring-block system.
 Total mechanical energy £ = K. E. +P. E. remains constant.



E=K.E+EBH
RE.

Work-Energy Theorem with Conservative and Non-Conservative Forces

For forces F. (conservative) and F},. (non-conservative):

(F. + F,.)Az = AK.

Since F.Az = —AV,then A(K + V) = F,.Ax.

Change in total mechanical energy: AE = F,,.Ax.

Over path: By — E; = W, where W, is work by non-conservative forces.

Solved Examples

« Ex 1: Calculate potential energy stored in a spring with K = 200 N/m and x = 0.1 m.
o Use P.E.= 1ka? = 1 x 200 x (0.1)2=1J.
o Ex 2: Find maximum speed of a block m = 0.5 kg attached to spring & = 200 N /m with
amplitude z,, = 0.1 m.

Sk, 200 _
ofum—\/mazm— 25 x0.1=2m/s.



Q1: What is the potential energy stored in a spring stretched by 0.2 m with spring constant 100
N/m?
o A)2]
B)4)
)1)

o

C
D) 0.5)
Q2: The maximum speed of a block attached to a spring depends on?

o

o

o

A) Mass and amplitude

o

B) Spring constant and amplitude

o

C) Mass, spring constant, and amplitude

o

D) Only spring constant
Q3: If non-conservative forces do work on a system, the total mechanical energy changes by?
o A)Zero

o

B) Equal to work done by non-conservative forces

o

o

)
C) Equal to potential energy
D) Equal to kinetic energy

Q1:B)4)— P.E.= 1kz? = 1 x 100 x (0.2)2 =4J.

Q2: C) Mass, spring constant, and amplitude — v, = 4/ %mm depends on all three.

Q3: B) Equal to work done by non-conservative forces — AE = Wy, changes total mechanical
energy.

Potential energy of spring: %ka.

Maximum speed: v, = 4/ %xm.

Spring force always restores to equilibrium.
Work by spring force is negative (opposite directions).
Non-conservative work changes total mechanical energy.



Power

« Power is the time rate of change of work done or energy transferred.

o Instantaneous power: Pj, = dd—vf =F. fl—f = F' - v where v is instantaneous velocity.

o Power is the scalar product of force and velocity.

w
t I

e Power is a scalar quantity like work and energy.

» Average power: P, = where W is net work done and ¢ is time taken.

o Commercial unit: Horsepower (hp), 1 hp = 746 watt.

« Electrical energy unit: kilowatt-hour (kwh), 1 k€Wh = 3.6 x 10° J.

« Slope of work-time curve (tan 6) gives instantaneous power: P = % = tan@.
o Area under power-time curve gives work done: W = det.

o Ex 1: Calculate instantaneous power if force F = 10i N and velocity v = 57 m/s.

o UseP=F-5=10x5=50W.
o Ex 2: Find average power if 500 J work is done in 10 s.

o User,:¥: %:50W.

e Q1: Power is defined as

A) Work done x time

B) Work done / time

C) Force x displacement

o

o

o

o

D) Energy x time
o Q2:If force 20 N acts on a body moving at velocity 3 m/s, instantaneous power is
o A)60W
o B)23W
o C)17W
o D)6 W
e Q3: A motor does 7200 J work in 2 minutes. Its average power is
o A)60W
o B)120W
o C)7200 W



o D)240W

e Q1: B - Power is work done divided by time.
e Q2: A-Instantaneous power = F' x v =20 x 3 =60 W.

e Q3: B - Average power = %000 =60 W (2min=1205s).

e Power = Work/Time

» Instantaneous power = Force - Velocity

e 1Thp=746 W

e 1kWh=3.6x10°]

» Slope of W-t curve = Instantaneous power
e Area under P-t curve = Work done

Collisions
rva

A collision occurs when two bodies physically collide or one body’s path changes due to
another.

« Momentum and kinetic energy of bodies change due to collision.

» Forces involved are internal action-reaction forces.

» Total momentum is always conserved in any collision.

« Elastic collision: Both momentum and kinetic energy are conserved.
« Inelastic collision: Momentum conserved, kinetic energy not conserved.



V2—U1
Ur—u2

e = (relative velocity of separation) / (relative velocity of approach) =

e = 1: perfectly elastic collision

e = 0: perfectly inelastic collision
0 < e < 1: inelastic collision

Ex 1: Two bodies of masses m and m» collide elastically with initial velocities u; and us. Find
final velocities using conservation laws.

Use miu; + mous = mqv; + movy and ﬁ =1

Calculate v; and vy from formulas or solve equations.

Q1: What is conserved in all collisions?
o A. Kinetic energy
o B. Momentum
o C. Both kinetic energy and momentum
o D. Neither
Q2: For a perfectly inelastic collision, coefficient of restitution e is?
o A1
o B.0
C. Between 0 and 1

o

o

D. Negative

Q3: Two bodies collide with u; = 5m/s, us = 3m/s, and e = 0.8. What is relative velocity of
separation?

o A.1.6m/s

o B.1.4m/s

o C.2.0m/s

o D.3.2m/s

e Q1: B-Momentum is always conserved in collisions.
e Q2: B - For perfectly inelastic collision, e = 0.



Q3: A - Relative velocity of separation=e X (u; — ug) = 0.8 X (5 —3) = 1.6 m/s.

Remember: Momentum always conserved.

Elastic collision: e = 1, kinetic energy conserved.

Inelastic collision: 0 < e < 1, kinetic energy lost.

Elastic Collision One Dimension

e Conservation of momentum: miu; + Mmoo = My1v1 + Movy
» Conservation of kinetic energy: %mlu% + %mgug = %mlv% + %mzvg
» Relative velocity relation: u; — ug = v9 — V1

¢ Velocities after collision:

. Mm1—my 2m2

° U1 = mi+ms + mé+m2 U2
— Mmao—my mi

° U2 = mi-+ms Uz + mi+me U1

e Special cases:

o

If my > mo:v; = Uy, V9 = 2u] — Uy

o

Ifm1 <K< Mmo: V1 = 2’LL2 — U1, V2 = U9

o

Ifmy; = mo:v1 = usg, V9 = Uy

o

If target at rest ug = 0 and m; > mo: v1 = uq, V2 = 2uy

e Ex 1: Calculate v; and vg for my = 3 kg, my = 2kg,u1 = 4m/s,us = 1m/s.
o Use formulas for v1 and v, to find final velocities.
e Substitute values and solve.

e Q1: For elastic collision, which is conserved?
o A. Only momentum
o B. Only kinetic energy



o C. Both momentum and kinetic energy
o D. Neither
Q2: If m1 = mo and us = 0, final velocity vy is?
o A.0
o B.uq
o C.—uq
o D.u2
Q3:Formy = 5kg, my = 3 kg, u1 = 6m/s, us = 2m/s, find vs.

Q1: C- Both momentum and kinetic energy conserved in elastic collision.
Q2: D - v; = uy = 0 when masses equal and second body at rest.
Q3: Use formula

?)2:m2_m1U2+ 2my ulz%x2+%x6:—05+75:7m/3

mi+ms mi+ma

Elastic collision: e = 1, relative velocity of approach equals separation.
Use special cases to simplify velocity calculations.

Inelastic Collision One Dimension

Momentum conserved: miu + Moy = M1V + MaovVs
Coefficient of restitution relation: e(u; — us) = vo — vy

Velocities after collision:

o v = mi—ems + (14-€e)mo

mi+ms mi1+ms
_ (te)m my—em;y
°© V2= Tmitm, T mimy U2

Loss in kinetic energy:
1 2 2
o AK = 5 M (1— e?)(u1 — u2)




Ex 1: Form; = 4 kg, ms = 6 kg, u; = 5m/s, us = 2m/s, and e = 0.5, find v; and vs.
Use velocity formulas substituting given values.
Calculate kinetic energy loss using formula.

Q1: Ininelastic collision, which is conserved?
o A. Kinetic energy
o B. Momentum
o C. Both
o D. Neither
Q2: For e = 0, what type of collision?
o A. Perfectly elastic
o B. Perfectly inelastic
o C. Partially elastic
o D.None
Q3: Calculate kinetic energy loss for m; = 3kg, my = 3kg, u; = 4m/s, us = 1m/s,
e = 0.6.

Q1: B- Momentum conserved, kinetic energy not conserved in inelastic collision.
Q2: B - e = 0 means perfectly inelastic collision.
Q3: AK = % X % x (1 —0.36) x (4 — 1)2 =1.5x0.64 x9 =8.64J.

Inelastic collision: 0 < e < 1, kinetic energy lost.
Use e = 0 for perfectly inelastic cases.



Elastic Collision Two Dimensions

e Two bodies with masses m 1, ms and velocities w1, uy collide obliquely.
o After collision, they move at angles 6 and ¢ with velocities vy, vs.
« Momentum conserved along x-axis:

o MUy + Moy = Mqv1 cOS O + Mavy COS @
e Momentum conserved along y-axis:

o 0 = mjvysinf — myvs sin ¢
» Kinetic energy conserved:

o dmaud + bmgud = tmvd + Sma
e Formi; =mg,us =0,and u; = u:

o u = v cos b+ vy cos

o 0 =v;sinf — vy sin ¢

o Velocities satisfy 6 + ¢ = & (perpendicular).



(assume(_i Uy <Uyp)

A v,sind

Ex 1: Two equal masses collide with u; = 5 m/s, ug = 0. After collision, v; and v9 move at
angles 30° and 60°. Verify 8 + ¢ = 90°.

Use momentum conservation equations to check velocity components.

Confirm perpendicularity of velocities.

Q1: In 2D elastic collision, momentum is conserved along?
o A. x-axis only
o B.y-axis only



o C.Both x and y axes
o D. Neither axis
Q2: For equal masses and us = 0, sum of deviation angles 6 + ¢ is?
o A0
o B.45°
o C.90°
o D.180°
Q3:Ifmy = mo, u; =4m/s, us = 0,and vy = 3m/s at60°, find v9 if @ + ¢ = 90°.

Q1: C- Momentum conserved along both x and y axes.
Q2: C - Sum of angles is 90° for equal masses and us = 0.
Q3: Use u = v1 cos O + vy cos g and 0 + ¢ = 90° to find va = 2m/s.

In 2D elastic collision, velocities after collision are perpendicular.
Use momentum conservation separately along x and y axes.



