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IMPACT

Impact of bodies involves exchange of energy and consequent changes in
velocities. Some energy would usually be lost during impact.

Types of Impact: with respect to the line of impact and the velocities o impacting
bodies, impact comes under any of the following types:

i. Direct Central : bodies move in the same line before and after impact
ii. Oblique Central: Velocities of bodies make an angle with the line of
centres, called oblique angles.
iii. Direct Eccentric: Impact is eccentric to the centre of rotation of one body.
iv. Oblique Eccentric: As above at an oblique angle.
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Coefficient of Restitution (CoR):

COR gives an idea of the energy lost in the process of impact of colliding bodies.
Consider two objects colliding in direct central impact.

Conservation of momentum gives @ é

mMaVya + mpVp = mAVA'+ meB' - (1) S \.IB
The three phases are before impact when velocities are VAand Vg.

During impact for certain duration dt, the bodies are in deformation phase after
which they stick together and travel with the same velocity U. After this phase is
the phase of restitution when the bodies separate in the deformed shape or
gaining original shape and travel with velocities V, and Vs.
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L4

Considering body A of mass m,, if the impulse force due to B on A is P, then the
momentum after impact is given by

mMa
MmaVa- [Pdt= maU = (2) O&-OO = O""

During the period of restitution, let the |mpulswe force on A by B be R, then
We have,

< O OO o
Mgy U'JRdt': mAVA "‘(3)

The ratio of the Force impulsive during restitution to that during deformation is
called the Coefficient of restitution and denoted by e.

Thus e from (2) and (3)

Rd
P.dt

is e= = (U=Va)/ (Va- )

Similarly for B impacting A,

we get e =(Vg- U)/ (U=Vy)

We can write, e = (U—=V,4)/ (Va-U) = (Vs-U)/ (U~ Vs)
=(U=V, +Vg-U)/ (Va-U+ U= Vg)

Or e =(Va=Va)/(Va-Vs) - (4)

Or (V=Va) =e(Va-Vs)

Rel. Velocity after impact = e. (Rel. Velocity before impact)

The velocities V, and V5 can be obtained from equations (1) and (4)

For e=0, is a case of perfectly Plastic impact, and the two bodies stay together and

have certain velocity, while momentum is conserved.

e = 1is a case of perfectly Elastic impact, where relative velocities before and

after are the same. In this case, it can be shown that the Kinetic Energy is
conserved.
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Oblique Central Impact:

In this case, the velocities of the objects are not along the line of impact (line of
centres).

Direction and magnitude of the velocity after impact are unknown.

The components of velocity before and after impact, for both objects, along the
line of impact n, and along common tangent line t are shown.

- The t components, (those along tangent line)
are not affected and remain the same.
Vat =VA't andVg; = Vg,

- The n components are affected by impact and

the relative n component velocities are related by e.
V’Bn_V,An = e (Van— Ven) ~{1)

- Components of
the total momentum along n is conserved.
MaVan + MpVpn = mAV'An + mean - (2)
Eqgns. (1) and (2) give the n components after impact, and as t components are
unchanged and known, velocities of both objects can be determined.

Example 1: Two elastic balls of 10N and 50 N travelling along a line in the same
direction at 3 m/s and 0.6 m/s collide. Find the velocities after impact if e = 0.75.

Conservation of Momentum: 10x3 + 50x0.6 = 10xV; + 50xV, ---- (i)
CoR=e=0.75 = (V,— V1) / (Us-Us) JoN 50N
(V,— Vi) =0.75x(3-0.6) =1.8 - (ii) -@—9“ —
Eqgns. (i) and (ii) =V, = -0.5 m/s V, = 1.3 m/s;
Loss of Kinetic Energy = (% M;U;2+ % MoU, ) = (% MyVi* + % MyVs )

= 1.07 Joules
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Example 2:For e= 0.9 Find V;and V,. (U= 4mfs, U2 =12 mis Ma=n 5= m)

Components of velocity along normal to line of impact remain the same

leUpy= Vay= 9 Sin 30 = 4.5 m/s. Ugy= V= 12 Sin 60 = 10.39 m/s

- (vz-v1) _ Vbx—Vax
(U1-U2) Uax-Ubx

_ Vbx-Vax _
(cos30+ 12 Cos 60

(i) conservation of momentum gives

(i)

m.Uax + m.Ubx = m.Vax + m.Vbx, ie

m.9Cos 30 — m.12 cos 60 = m. (Vax + Vbx)

Vax + Vbx=7.794-6=1.794 ---(2)

From (1) and (2), Vax = -5.31 m/s; Vbx =7.104 m/s.
Va = V(Vax’ + Vay?) = (5.31% + 4.5%)= 6.86 m/s
Oa=tan™ (4.5/5.31) = 40.28°

Similarly, Vg = 12.58, £ 55.6

Example 3: A ball is thrown at an angle Bto vertical and rebounds at @. Show

thate=tan 8/tan @ .

N\

e = rel. vel. After impact /rel. vel before impact . V,Sul 6

~Vel. Of floor is zero. Also, the horizontal velocity,  Vjces

along the floor is not affected.

Hence V, Sin 6 = V2 Sin O. () M. AS—
e =V, Cos ®/ V; Cos © = (Sin ©/Sin @). ( Cos ®/ Cos O)
’t.‘frav\(\)

=tan 6/tan ® Va (fexer) V2l

WMy (bal)) - ¥, (flew D
=| Q- Yolerd vy, gt
~VCB-0" V, Cmo

€=
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Example 4:For two discs on a plane for oblique central impact shown, e = 0.6 find
velocity after impact. Given W, =10 N; Wz =20 N; Uy = Ug =10 m/s

The tangential velocities (along t) are the same before and after impact.

Up =Var =6m/s; Ug = Vg =8 m/s

In the normal direction, from Cons. of momentum, Vf‘*l»"’r}“ : =813
WaUa, /8 + WaUgn /8 = WaVan/8 +W5Ve, /8 08 Vay | VBE #;) 16.66°

or 10x 8 +20x(-6) = 10 x Vay+ 20 X Vg, Van G

> Van+2 Ve, =-4 - (i) . : —
e = 0.6= (Vo= Vi) / (Una= U = Vor=Va) /(880 /. |, ;;I ‘“Bf

(Vn — Van) = 8.4 — (ii) g 4 Lg

From (i) and (i), Van=-6.94 m/s. Vg,=1.46 m/s. Ua
Resultant Velocity of A after impact, Va=+ (Van’ + Vat)
Vi= v (6.94%+6%)=9.17m/s at Ba= tan"(Vy, /Va,) = tan™(6/6.94) = 40.85°
Similarly Vg =+ (1.46 >+ 8%) =8.13m/s at 6p = tan™'(8/1.46) = 79.66°

Example 5: A ball is dropped on a floor at 15° inclination from a height of 3 m.
If the coefficient of restitution is e = 0.8, find velocity after impact.

Let U1, V1 be the velocities of the ball before and after impact.

And Uz and V; be that of ground, which are both zero.

Ui = _\ﬁ:g?ﬁ = vm =7.67 m/s
Uix = Vix=Ui sin 15 =1.986 m/s
Component along normal only is affected by impact
and is Uiy = 7.67 cos 15 =7.412 m/s.
E=(Vy—Vi)/(Ui- Uy) =(0-Vy)/ (U, —0)

0.8 = (0-Vy, )/ (-7.412—0) = Vy, =5.929 m/s.

Vi= (Voo +Vy,’) = 6.253 £71.5°
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Example 6: A ball of 2 kg travelling at 5 m/s strikes a hinged plate of 8 kg at a
distance of 1.2 m from the hinge. If CoR is 0.7, find the angularvelocity of the

plate. (sooin af@( fm}:ncfw

| = ml*/3 = 8 x1.5%/3 =5.227 Kg.m® LEDTHEL 7[_
8K

Conservation of Angular momentum: LEM

W2 v

i

MbUb = Mb.VbX1.2 +lw

2x5x1.2 = 2xVpx1.2 +5.227 w

1%

12=24V,+5.227 w - (i)

CoR=e=0.7 = (V,-Vp)/(Up-Up) = (1.2 w = V)/(5-0)
1.2w-Vp=35 - (ii)

Eqns. (i) and (ii)>w = 2.52 rad/s;V, = - 0.48 m/s.

The ball reverses in direction after impact.
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