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Work, Energy and Power

Collision

Collision is an interaction between two or more bodies leading to a rapid change in
energy or linear momentum or both.

Collisions may be classified as

O Elastic collisions
Collisions in which total linear momentum and total kinetic energy of the
colliding bodies is conserved
Examples : Collisions between the atoms of an ideal gas are assumed to be
elastic

O Inelastic collisions
Collisions in which only total linear momentum of the colliding bodies is
conserved
Examples : Collision of a ball with a bat, collision between particles of air
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Final velocities (v, & v, ) in case of a 1-D elastic collision

m1 my 1ma 2
‘ ’ u, E u, O? vV,

Consider two bodies of masses m; and

2 2 2 2
m,. Let u, & U, be their initial velocities mu,” +mu, = My, + MV,
and v; & Vv, be their final velocities > g ,
respectively m,(u,”—v,") = m,(v,” —u,)

Using the law of conservation of linear | My (u; —v;)(u, +v;) = m,(v, —u,) (v, + u,)
momentum we get . o
Using equation (i) we get

mu, + mu, = myVv, +myv, — j

(u, +v;)= (v, +u,)

m (u,—v,) = m(v,—u,) —| ii

U,—U,= V,—V, — il

Using conservation of KE we get . . . o
In a one dimensional elastic collision,
1 1 , 1 1 5

_mlulz +omu?= —m1V12 +=my, relatlve. velouty' of approach is equal
2 2 2 2 to relative velocity of separation.
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Final velocities (v, & v, ) in case of a 1-D elastic collision

n3
___%

Substituting the value of v, in eq (i)

ni my M1

‘ ’ u, u, (,vl

U —u, = v,—v, — iii

we get
V, = V.+U, — U
2 1o __2mu, +u2(m2—m1)
m +m m +m
Substituting this in eq (i) we get (m+m,)  (m+m)
mu, + mu, = mVv, +m, (v, +u, —u,) Note : The above equations are
applicable to one dimensional elastic
v,(m,+m,)=2mu, +u, (m —m,) collisions only.

2m.u, N u, (m—m,)
(m,+m,) (m,+m,)

Vi
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Analysis of 1-D elastic collisions

__2mu, +u1(m1—m2) __2mu, +u2(m2—m1)

(m +m,) (m +m,) o(m4m)  (m +m,)

Case | :
If m; =m, then

2mu, +Lh(ﬁ%—m)

Y (m+m)  (m+m)

v, = u,
2mu U, (Mm—m
(m+m) (m+m)
V, = U,
AR
L ere . q. . . . .
‘ Q) % Velocities of the colliding bodies are exchanged in a one dimensional
> N s . .
=, elastic collision between bodies of same mass.
W)
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Analysis of 1-D elastic collisions

__2mu, +u1(m1—m2) __2mu, +u2(m2—m1)

(m +m,) (m +m,) o(m4m)  (m +m,)

Case ll :
Ifm;>>m,andu,=0

0 +u1(m1—m2)

v, =
(m,+m,) (m,+m,)

v, ® U,

v, = 2m,u, +O(m2—m1)
(m+m,) (m +m,)

v, & 2U,

Heavy body continues to move with same velocity and the lighter body moves
with twice the initial velocity of the heavier body
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Analysis of 1-D elastic collisions

2m,u, N u, (m—m,)

2m,u, N u, (m—m,)

1 2
(m,+m,) (m,+m,) (m,+m,) (m,+m,)
Case Il : v, = 2mu, +O(m2—m1)
Ifm,<<m,andu,=0 (m+m,) (m +m,)
v, = 0 _|_u1(m1_m2) V. ~ 2m,u,
(m +m,)) (m, +m,) 2 (m,)
Vlzul(_mz) v, 0
(m,)
v, ® —U,

Lighter body rebounds with almost the same speed and the heavy body remains
stationary
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Completely inelastic collision

mi+ m;

Using law of conservation of momentum

mu, + mu, = mVv, +myv, — j

m,u, + mu, =(m +m,)Vv

m,u, + myu,
(m, + m,)

V =
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Coefficient of restitution

Coefficient of restitution is defined as the ratio of relative velocity of separation to
relative velocity of approach

(Vz_vl)
(ul_uz)

e=

[ Coefficient of restitution does not have any units
1 e = 1 for perfectly elastic collisions
1 e = 0 for perfectly inelastic collisions

1 0 < e <1 for partial elastic ( or inelastic ) collisions
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Coefficient of restitution ( in terms of heights )

Consider a body dropped from a height h,. After collision let the body rebound to a
height h,. Coefficient of restitution is defined as

Vv Using the relation v2 — u? = 2as
o= (V,—Vv,) for ascent we get
(u,—-u,) ,
L 0-v,” =-2gh,
Let U, and v, represent initial
and final velocities of the v, = /Zghz
ground
o (v, ) Substituting these in eq (i) we O
( o 2) get
J2gh
Using the relation v2 — u? = 2as o= an
for descent we get J29h
u,’ —0=2gh, ,
e= — &
U, =J2gh, " —_
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Partially elastic ( or inelastic ) collisions e

O Only linear momentum is conserved
1 Kinetic energy is not conserved

vV :(e+1)mzuz+u1(m1_em2)
1
m, +m, m, +m,
v :(e+1)m1u1+u2(m2_em1)
’ m, +m, m, +m,

These are general relation in case of 1-D elastic collisions.
Substituting € = 1 in the above relations gives v, and v, for perfectly elastic collisions

Substituting € = 0 in the above relations gives v, and v, for perfectly inelastic collisions
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