DIRECT COLLISIONS

CHAPTER

H INTRODUCTION

A\
Two bodies are said to be impinge or collide diye %he direction of the motion of
each is along their common normal at the point . When the direction of motion of
either or both is not along the common normal| ct is said to be oblique. i.e. the bodies

impinge obliquely. “‘\
&
N\

“@QCommon Tangent

£ N
N N

A collision may be elastic or inelastic. In an élagollision, kinetic energy is same both
before and after collision or kinetic energy is senrved in an elastic collision. In an inelastic
collision, the initial and final kinetic energieseanot equal. All collisions between real
objects are more or less inelastic except whemljects are very rigid such as billiard balls.
When two bodies stick together after collision e teollision is said to be completely
inelastic. The law of conservation of momentum remaalid both in elastics and inelastic
collisions.
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NEWTON'S EXPERIMENTAL LAWS

U — U —

If two bodies of mass mand m, moving with velocities yand u,respectively, collide

directly and let yand v be their velocities after collision.

Then

Vi —Va
= —¢

u —u
=  M-w=—e—-W)
Where e is called the modulus or coefficient.obgtaty or restitution of the bodies.

Common Normal

If two bodies of mass pand m, moving with velocities yand y in the directions inclined
at anglest andp respectively to their common normal. Letand ¢ be their velocities in the
directions inclined at anglésand¢ respectively after collision. Then by

vicosO — v,cosQ

= —e
u;coso — u,cosf

= vicosO — v,cosp = — e(u;cosa — u,cos)
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s LAW OF CONSERVATION OF MOMENTUM

MyVvy + MV = Myup + Mol (For Direct Collisions)

mMyVvy 0D + mpv, cosp = myu; cosx + mpu, coP (For Oblique Collisions)

u IMPACT OF A SMOOTH SPHERE AGAINST A FIXED PLANE

A C B

Let AB be a fixed plane and C be the point at witiehsphere impinges. Let O be the centre
of the sphere so that CO is the common normalulLand v be the velocities of the sphere
before and after impact inclined at angheand® respectively to the normal.

By Newton’s experimental law along COj we have

vcod — 0 =— e(—ucosx — 0)

vcod = eucosd ) (
By resolving velocities before and after collisiore have

vsSinG = usim (i)
Squaring and adding (i) and (ii), we get

V2 = UA(€coga + sirfa) I (11))

Eq(iii)) givesithe magnitude of the velocity of thghere after impact.
Dividing (i) by (ii), we have
cotd = ecotn _(v)
Eq(iv) gives the direction of motion of the sphafter impact.
We know that

1
Kinetic Energy = 3 (mass) (velocity)?
Therefore,

1
Initial K.E. = Emu2 and Final K.E. = Emv2

Now
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Loss of K.E. = Initial K.E. — Final K.E.

1 1
= —mu? — —mv?3

2 2

1 1
= Emu2 - Emu2 (e’cos’a +sin*a)  By(iii)

1
= Emuz(l — (e’cos’a + sina))

= Emuz(l — e’cos’a — sin’a)
1

= Emu2 (cos’a — e*cos’a)

= Emuz(l — e%)cos’a

Now we discuss some important cases

H CASE 1

Whena =0 i.e. When impact is direct.

Then 6=0 By(iv)

and vV=eu By(iii)

Thus, if a sphere impinges directly on a,smootkdiplane with velocity u, it rebounds in the
reverse direction with velocity eu.

H CASE 2

When e = 1. i.e. sphereiis'perfectly elastic.

Then 0=qa By(iv)

and V=u By(iii)

Thus, if a perfeCtly elastic sphere impinges omadth fixed plane, its velocity is unaltered
in magnitude By impact and the angle of reflexi@nig equal to the angle of incidert)(

u CASE 3

When e = 0. i.e. sphere is perfectly inelastic.

Then 9=90 By(iv)

and V = usin By(iii)

Thus, if a perfectly inelastic sphere impinges ameoth fixed plane, it does not rebound but
simply slides along the plane, its velocity pafaiethe plane remained unaltered.
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n QUESTION 1

A rubber ball drops from a height h and after retzbng twice from ground it reach a height
h/2. Find the coefficient of restitution. What wdube the coefficient of restitution had the
ball reached a height h/2 after rebounding threedi?

SOLUTION
We know that
V2 — f = 2gh
Hereu=20
= v =,/2gh
So,  Velocity on reaching the floor,2gh

Let e be the coefficient of restitution. Then

Velocity after ' rebound = e x velocity before the&ebound

=g/2gh
= Velocity on reaching the flooP2ime = ¢/2gh

Now

Velocity after 2° rebound = e x yélocity before th& 2ebound

= gJ2eh

For the motion after" rebound
Initial velocity = u =€/2gh
Final Velocity =v=0
Height attained = h = g and g= —g

We know that

vZ—Uf = 2gh
= 0 (2gh) =2(~ g)g
—  2gk*=gh
s 1 N 1
= =z = e_<§) = -
Velocity on reaching the floor®time = €,/2gh

Now

Velocity after 3 rebound = e x velocity before th& 82bound = &/2gh
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For the motion after'3rebound
Initial velocity = u = €/2gh
Final Velocity =v =0
Height attained =h = g and g= —g

We know that

v —Uf = 2gh
= 0—(e3JTgll)2=2(— g)%1
—  2gk®=gh
Y
= e6=% = e=<%)6 = e=%
HQUESTIONZ

A heavy elastic ball is dropped upon a horizontabrf,from a height of 20ft. and after
rebounding twice, it is observed to attain a held}ftqFind the coefficient of restitution.

SOLUTION

We know that
V2 — If = 2gh
Here u =0, h = 20, g = 32ft.

= v=,/2gh =v2x32x20 = 16V5ft/sec
So, Velocity on reaching the floor =v{#t/sec
Let e be the coefficient of restitution. Then
Velocity,after ' rebound = e x velocity before the rebound
= 166/5ft/sec
= Velocity on reaching the floof%time = 16&/5ft/sec
Now
Velocity after 29 rebound = e x velocity before th& 2ebound
= 16&V/5ft/sec
For the motion after” rebound
Initial velocity = u = 16&/5ft/sec
Final Velocity =v =0
Height attained = h = 10ft. and g-—=32ft
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We know that
v —Uf = 2gh

= 0—(16e13) = 2~ 32)(10)
=  1280:" =640

n QUESTION 3

Two elastic spheres of massesand m moving with velocities yand y impinge directly.
If e is the coefficient of restitution, find theielocities after impact.

SOLUTION

Let v and v be the velocities of mand mafter impact respegtively.

U —
1 S W

— V2

By Newton’s Experimental Law, we have

Vi—Ve=—e(l— W) SR ()
By Law of Conservation ©f*Momentum, we have

MyVvy + MpV2 = Mt + Ml (1))
Multiplying (i) by, myand m, we get

MV #AkV2 = —emu; + emu; (i)

MaV1 - MpV2 = —empUs + ey (v
Adding (ii) and (iv), we get

MV + MpVy = My + Mpl — €mpu; + emplp
= (M +mvy=(m — empus + my(1 + ey

(m; — emp)u; + my(1 + e)uy
= vi= (v)
m; + mp

Subtracting (iii) from (i), we get

mMyVo + MVo= MUy + MUz + emup — emu;

= (m + mp)vo = my(1 + em)u; + (M — € M)y
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m1(1 + emz)ul + (m2 — ¢ ml)U2 .
= _ (v
m; + mp
Equations (v) & (vi) gives the velocities after iaqp.

= \'%)

"GWEMMN4

If two equal and perfectly elastic spheres movinthwelocities 4 and y impinge directly.
Show that they interchange their velocities aftepact.

SOLUTION

Let v; and v be the velocities of spheres after impact respelgti

Uy — - W

- Vi 25> Vo

By Newton’s Experimental Law, we have
vi—w=—(u—Lw) - e=1forperfectly elastic spheres.
= M—V=l—U ()
By Law of Conservation of M@mentum, we have
mv; + M, = mu, +,10Ww
= VEAVERVE ST _ (i)
Adding (i) and (ii)pwe get
2Vi=2h = Vi= W
Subtracting\(i) from (ii), we get
2L=24 = VL=
Thusv =wand v =y

"(WEMMNS

Three perfectly elastic spheres of masseznmand 3m are placed in a straight line. The first
impinges directly on the second with a velocityna éhe second impinges on the third. Find
the velocity of the third ball after impact.

SOLUTION
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Let v; and v be the velocities of the ball of masses m and &pectively after impact.

-0
u—
- V1
Heree=1
By Newton’s Experimental Law, we have
Vi—Vo=— (U—O)
= M-V =—U (i)

By Law of Conservation of Momentum, we have

mv; + 2mw, = mu + 2m(0)

= W+ 2% = U _ (i)
Subtracting (i) from (2), we get
3w, =2u
2
= vy = gu

Which is the velocity of sphere of ma:2m beforarpinges on the third ball. Let;\and \4
be the velocities of masses 2m and3m respectafedy impact.

-0
b —

By Newton’s Experimental Law, we have

Vi—-Vo=— (Vz—O)
= Vi—-Vo=—V, iii
By Law of Conservation of Momentum, we have

2mVi + 3mV; = 2mw, + 3m(0)
= 2Vi + 3V = 2w, (iv)
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Multiplying (iii) by 2, we get

2V1 — 2V2 = 2V2 _(V)
Subtracting (v) from (iv), we get
5V2 = 4V2

2
= 5V;=4xzu

8
= szgu

Which is the velocity of the sphere of mass 3mraftgact.
n QUESTION 6

If the masses of two balls be as 2:1 and theire&sge velocities, be as 1.2 in opposite
direction. Show that if the coefficient of restian is 5/6, each ball’moves back after impact,
with 5/6" of its original velocity.

SOLUTION

Let masses of two balls be 2m, m and their velegiiefore impact be u and 2u. Letand v
be their velocities after impact.
u-—

- —=2U
By Newton’s Experimental Law, we have
Vi— V2 S = g[u—(—2u)]
5 .
= Vi—Vy= — Eu (1)

By Law of Conservation of Momentum, we have

2mv; + mv, = 2mu + mg&2u)

=X 2+ v =0 (i)
Adding (i) and (ii), we get
5
3V1: - Eu
5
= vi= — gu (1ii)
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From (i), we get

5
Vo) =V + Eu
_ 0 + > B
= 6u Fu y(iii)
5
= -z (u—3u)
5
= 3 (2u) _ (v)
Equations (iii) and (iv) shows that each ball moliask after impact with 5/6th of its original
velocity.
n QUESTION 7

Two elastic spheres impinge directly with equal apgosite yelocities. Find ratio of their
masses so that one of them may be reduced toy¢sebmpagt, the coefficient of elasticity
being e.

SOLUTION

Let my and m be masses of two spheres and\i be the veloceadf sphere. Let the sphere
of mass m come tom rest after impact_ and v be the velocftgphere of mass safter
impact.

We have to find m : m,

- —u
u-—
-0 —
By Newton’s Experimental Law, we have
0-v=—clu—(—u)]
= v =2eu (1)

By Law of Conservation of Momentum, we have
0 + mpv = muu + my(—u)

=  m2eu=mu+np(—u) By()

= m2e=m —m

= m2e+m=m = (1+2e)m=m
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m, 1+2e
:> —
my 1

= m:nmp=1+2e:1

n QUESTION &

A ball A moving with velocity u impinges directlyncan equal ball B moving with velocity
v in the opposite direction. If A be brought totrbg impact, show that

u:v=1+e:1l-e

Where e is the coefficient of restitution.

SOLUTION

Let m be the mass of each sphere and V be theityetddhe sphere Biatfter impact.

u- - —V

-0 Y,

By Newton’s Experimental Law, wethave

0-V=—c¢lu—(—v)]
= V=eu+v) I ¢}
By Law of Conservation\of Momentum, we have

0+ mV = mum{v)

= V = u—
= u-¥=ve(u +v) By(i)
= Uu-eu=yv+ev
= u(l-e)=v(l +e)
u 1+e
:> _— =
v 1-—e
= u:v=1+e:%1e
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A sphere impinges directly on an equal sphere st tethe coefficient of restitution is e,
show that their velocities after impact arelas e : 1 — elf the mass of first sphere isand
second sphere is M, show that the first cannot itaweslocity reversed if m > eM.

n QUESTION 9

SOLUTION

Let m be the mass of each sphere and u be theityetddhe first sphere and let,w, are
their velocities after impacte have to show thaty:v,=1+e:1-e

U— - 0

By Newton’s Experimental Law, we have

Vi—\=—e(u—0)= — eu I ()
By Law of Conservation of Momentum, we have

mu +0=my+ mw
= v+wv=u I ()]
From (i) and (ii), we get

V-V = — e(Vigh\p)
= M +eVi = voeheVs

= V(1 +eh=va(1- ¢)

Vi I—e
:> —_— =
Vo 1+e
= V:vo=1—e:1l+e

Let the mass of second sphere is M.

U— -0

- Vi /)
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By Law of Conservation of Momentum, we have

mu + 0 =my + Mv,
= my + Mv, = mu ()
Multiplying (i) by M, we get

Mvi— Mv,= — Meu (v
Adding (iii) and (iv), we get

mv; + Mv; = mu — Meu
= (m+ M)y = (m - Me)u

m — Me

= wi= ()
First sphere cannot have its velocity reversed i 0.

i.e.

m — Me

(m +M)u >0 =>m—Me>0 = m>Me
HQUESTION 10

Two spheres of masses M, m impinge direetly»wherwingpin opposite directions with
velocities u, v respectively and the sphere, of nmass brought to rest by the collision.
Prove that

v(m —<eM) = M(1 + e)u

After collision, the sphere of massM'is acted gralzonstant retarding force which brings
it to rest after travelling a distanee a. Prove tha magnitude of this force is

Me?(u +v)?
2a

SOLUTION

Let V be thevelocity of the sphere of mass M aiftgpact.

- U - =V

By Newton’s Experimental Law, we have
V-0= —e[u—(—v)]
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= V= —e(u+v) I ()
By Law of Conservation of Momentum, we have

MV + 0 = Mu + mv)

MV = Mu— mv

— Me(u+v)=Mu—mv  By(i)

— Meu— Mev = Mu- mv

mv— Mev = Mu + Meu

R

v(m- Me) = M(1 + e)u
Which is required.
Initial velocity of sphere of mass M after impacV= —e(u + v)
We know that
V2 — f = 2as (ii)
Here
Final velocity =v =0
Initial velocity = u =—e(u + v)
Distance covered =s =a (given)
Suppose that
Retardation =a = f
Using these values in (ii), we get
0 —(—e(u+v)?=2(-fHa

o e?(u+v)?
- 2a
Thus,
Retarding force = mass x retardation
B Me?(u + v)?
B 2a
n QUESTION 11

An imperfectly elastics sphere of mass m movingei&y u impinges on another sphere of
mass M at rest. The second sphere afterwards stailkeertical plane at right angle to its
path. Show that there will be no further impactha spheres if

m(1l + é + e€) <eM

Where e and E are the coefficients of restitutietwieen the spheres ad between the sphere
and the plane respectively.
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Let v; ad v be the velocities of the sphere of mass m andddeaetively after impact.

SOLUTION

By Newton’s Experimental Law, we have

Vi—\W,= —e(u—0)= — eu M
By Law of Conservation of Momentum, we have

mu + 0 =my+ Mv,
= my + Mv, = mu — (i)
Multiplying (i) by M, we get

Mvi— Mv,= — Meu (i)
Adding (ii) and (iii), we get

mv; + Mv; = mu — Meu

= (m + M)vy = (m - Me)u

m — Me)
m-+M
From (i), we get

= V1:(

Vo=V, +eld

m=—Me
P ( m+ M
mu — Meu + meu + Meu
- m+ M
(1+e)mu
- m+M
The sphere of mass M strikes with plane with véyoep and it then rebound with velocity

>u+eu

€'v, (+ € is the coefficient of restitution between sphend plane). Also the velocity of the
sphere of mass m away from the plane is.— v
Thus there will be no further impact if

e€Vvo<—vg
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(1 +e)mu < <m—Me)
© m+M m+M
or if (1+e)me’ < —(m— Me)

re. if

or if (¢’ +ee’)m+m < Me
or if (1+¢&¢ +ee')m < eM

Which is required.

n LOSS OF KINETIC ENERGY DUE TO DIRECT IMPACT

Two spheres of given masses with given velocitrapimges directly. Show that there
always loss of kinetic energy unless the elastisiyerfect.

SOLUTION

Let my and m be the masses of spheres apndnd y be their velocities before impact. Let v
and v be their velocities after impact and e be thefeneht of restitution. Then

1 1
Total K.E. before impact = 5m1u12 + Emzuzz =3 (muy3F myu,?)

1 1 1
Total K.E. after impact = Elelz + Eszzz = 3 @y v, %+ m,v,?)

By Newton’s Experimental Law, we have

Vi— Vo= — e(Up—U) M
By Law of Conservation of Momentum, we have

MyU; + Mplz = MyVy + MpV2 (i)
Taking square and then multiplying (1) byim, we get

m;m, (v, — Vz)z = mlmzez(ul - u2)2 _ (i)
Taking square of (ii), weqget

(mvi+ myv)2 = (myuy+ myu,)? (v
Adding (iii) and (iv), we get

(m vk, vy)? +mymy (v — v,)? = (myu+ myup)? + mymye? (uy — uy)?

2,92 2,2

2 2 _ 2 2 2
= m;“vi© +mp7vyt +mymyvy T + mym,vy© = (myu+ myuy)” + mymype (uy — uy)

m;?v;? + my*vy? +mymyvy® + mymyv,y® = (myup+ myuy)? + mympe? (uy — uy)?
mym, (g — up)% — mymy (u; — u,)?
= my (my+ my)vi? +my(my+ my)vy? = (myuy+ myuy)? +mymy (u; — uy)?
—mmy (1 — e?)(uy — uy)?
= (my+my)(mvi? +mpvy?) =myPuy? +myPuy? +mymyu;® + mymyuy?
—mmy (1 — e?)(uy — uy)?

=m; (m;+ my)u;? + my(m;+ my)uy? — mymy(1 — e?)(u; — uy)?
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2 +myv,?) = (m+ my)(myu 2 + myuy?) — mmy (1 — €?)(u; — uy)?

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

m;m
2 2 2 2 1772 2 2
= + = + - 1- -
m; vy mpvj myuy mpu; m1+m2( e)(u — )
1 1 I mm
= §(m1V12 +myvy?) = §(m1u1 + myu,?) ~5 mlirnzl (1 - M) (u —uy)?
o Ly 4 men,?) — S (myu? 4 myu?) = — -2 2y, — )
5 (v 2V2 5 (myy 1) 2 it my 1~ U
1 mpm, 2 5
=  Total K.E. after impact — Total K.E. before impact = —— 1= e)(u —uy)
2 m;+ m,

1 mym,
= Change in K.E. = — =
2 'm;+m

(1 — M) —uy)?

Since there is a negative sign on R.H.S and ex<x11— ¢?> >0
Therefore, there is loss of K.E. due to impact.

Thus,

. I mm
K.E. Lost due to impact = —.
2 m;+m,

(1 - e Aw)’

When e = 1. i.e. elasticity is perfect.
Then, K.E. Lost due to impact=0
Thus there is no loss of K.E. when elastiCity isfq&.

n QUESTION 12

Two elastic spheres each ofimrasses m collide direéshow that the energy lost during
impact is

1

Zm(U2 -V?)
Where U and V.are the relative velocities before after impact.

SOLUTION

We know that if two spheres of mass and m moving with velocities yand y collide

directly then

I mpm,

Loss of K.E. = (1— e)(u —uy)?

2m1 m,

Here m=m=m and U =relative velocity before impact=up

mm
—  Loss of K. — (1- eHU?

=—. m(1 - )U?

2
1
4
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.m(U% - &U?) (i)

By Newton’s Experimental Law, we have

Vi—\Ve= — e(U— W)
= V=-—eU
Where V = relative velocity after impact. v w
= V=

Using this value in (i), we get

1
Loss of K.E. = 7 m(U2 - Vz)
Which is required.

n QUESTION 13

If two elastic spheres have direct impact. Show tihe energy. lest during impact is equal to
the energy of the body whose mass is half of tmenbaic mean between those of the spheres
and whose velocity is equal to relative velocitydoe impact.

SOLUTION

We know that if two spheres of mass and'm moving with velocities yand y collide

directly then

I mym,
Loss of K.E. = Em(l A 62)(111 - uz)z

Here e = 0 since spheres are inelastic.
1 m;m,

= Loss of K.E. = —,
2.9my + m

(ul - u2)2
2

We know that

. I 2mm, mym,
Half.of.the harmonic mean between m; and m, = —. =
2 m1+ my m1+ mp

Relative velocity before impact 5 v w

Therefore

m;m
K.E. of the body whose mass is and velocity isu; —u,

m1+ my

1 mpm,

_ 2
= —, u —u
2 mlerz(1 2)

Which is same as the K.E. loss of K.E. during imipEence the result.
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n QUESTION 14

A ball impinges directly on another ball at restlas itself reduced to rest by impact. If half

of initial K.E. is destroyed in collision, find theefficient of restitution.

SOLUTION

Let my and m be masses of two spheres and u be the velockpluére of mass irbefore

impact v be the velocity of sphere of massatter impact.

- 0
u-—

-0

By Newton’s Experimental Law, we have
0—v=—¢e(u-0)

= vV=¢cu

By Law of Conservation of Momentum, we have
0+ mv =mu + m0

= mv = mu

. 1 1 1
Now Initial K.E. = Emluz + EmZO = Emlu

2

1

1
Final K.E. = EmIO +-—m,v==-m,v’

2 2
So Loss of K.E.'= Initial K.E. — Final K.E.
1 1
= Emluz — Eszz

According te'given condition,

1
Loss of K.E. = 3 (Initial K.E. )
1 1 1

= Emluz - Emzvz = Zmlu2

= 2mu? —2m,v? = mu®

=  mu’ =2m,v’ = 2mv.v

=  mu’ =2muv By(ii)

= u=2v = u=2eu = e=%

()

(i)
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Two spheres of masses 4lb and 8lb moving with viedscOft/sec and 3ft/sec in opposite
directions collide. If A rebounds with velocity &ft/sec, find the velocity of B after impact,
the coefficient of elasticity and loss of K.E.

n QUESTION 15

SOLUTION

Let v be the velocity of sphere B after impact.

9ft/sec. - —3ft/sec

- —1ft/sec

By Law of Conservation of Momentum, we have
4x9+8x£3)=4x1)+8xv

= 36-24=4+8v

= 12+4=8v = v =2ft/sec

Newton’s Experimental Law, we have
—1 —v=—¢e9-=(-3)

= -1 —2=—12¢

= €=

N

iy 1 2 1 2
Now Initial K.BE. = 5(4)(9) + 5(8)(-3)
=198
. 1 2 1 2
Final K.E. = 5(4)( — 1)+ 5(8)(2)

=18

So Loss of K.E. = Initial K.E. — Final K.E.
=198 — 18
= 180ft.poundals.
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A series of n elastic spheres whose masses areflete. are at rest separated by intervals,
with their centers on a straight line. The firstmade to impinge directly on the second with
velocity u. Show that finally the first (r 1)spheres will be moving with the same velocity
(1 — e)u and the last with velocity u. Prove that tinalfK.E. of the system is

n QUESTION 16

1
S —e+ 2")u?

SOLUTION

Consider the impact of the first and second ball.

- U - 0

- Vi — V2

Let v; and v be the velocities of the spheres after impact.
By Newton’s Experimental Law, we have

vi—VW =—e(u-0)
= v—\Ww=—eu I ()
By Law of Conservation of\Momentum, we have

lu+0=1y+ew
= M+ew=u (i)
Subtracting (i) from (ii), we get

¥ +ew=u+eu
= wl+e)=(1+e)u
= Vw=u
Using value of yin (ii), we get

vi=(1-e)u
Thus, we conclude

Velocity of impinging ball after impact = (1 xe
= (1- e)velocity of impinging ball before impact

Velocity of the ball at rest after impact = welocity of impinging ball before impact
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Now we consider the impact of th&'2and ¥ ball.
-u -0

-V - Vs
Let V; and \4 be the velocities of the spheres after impact.

By Newton’s Experimental Law, we have
Vi—Vo=—e(u-0)
= Vi—-Vo,=—eu (i
By Law of Conservation of Momentum, we have
lu+0=1\V+eV,
= Vi+e,=u (iv)
Subtracting (iii) from (iv), we get
Vo +eVo=u+eu
= Vo(l+e)=(1+eu
= Vo=u
Using value of Y in (iv), we get
Vi=(Q-e)u
Thus, we conclude
Velocity of impinging ball’after impact = (1 xe
= (1- e)velocity of impinging ball before impact
Velocity of the ball"at rest after impact = uvelocity of impinging ball before impact
Proceeding imthe same way,
Veloeity of (n — 1)" ball after it impinges on " ball = (1 — e)u
and Velocity of n ball after impact = u

Final K.E. of the system

=ll [(1 - e)u]2+le [(1 —e)u]*+ +le“‘2[(1 —e)ul* + len"lu2
51 5¢. s 5
1 1
=§(1 —e)2u[l+ e+ e+...+e" 2]+ Een‘lu2
1 el — 1 1
—_— 1 _ 2..2 _ |+ - n—1,.2
2( e)u I ] 2e u
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1 1—¢"11 1
= — — 2.2 + — n—1,,2
2(1 e)u I e Se
1 2 1
=§(1 —e)(1—e""u'+ Ee“‘lu2
1
=§[(1 —e)(1 - en_l) + e !u?
1 1 17.:2
Zz[l—en‘ —e+e"+ e u
=3 e+eMu

Which is required.
%%%%% End of The Chapter # 8 %%%%%
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