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IMPACT

lmpact of bodies involves exchange of energy and consequ

velocities. Some energy would usually be lost during impa

Types of lmpact: with respect to the line of impact and the

bodies, impact comes under any of the following types:

i. Direct Central : bodies move in the same line before

ii. Oblique Central: Velocities of bodies make an angle

centres, called oblique angles.

Direct Eccentric: lmpact is eccentric to the centre of r

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 impa

Consider two objects colliding in direct central impact.

Conservation of momentum gives

rlnVn + m6Vs = tilnVR+ msVs'

The three phases are before impact when velocities are V4 a

During impact for certain duration dt, the bodies are in defo

which they stick together and travel with the same velocity

the phase of restitution when the bodies separate in the d

gaining original shape and travel with velocities V4 and Vs'.
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Considering body A of mass ma, if the nmpulse force due to $ on A is P, then the
momentum after impact is given by

ITleVa-JPdt= rilnU -- (2)

During the period of restitntion, let the impulsive force by B be R, then
vYIa

We have,

mnU-JRdt= IilnVn

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

ring deformation is

Thus e from (2) and (3)

. fnat 'is 
" =ff* = (U - voll (Vo - U)

Similarly for B impacting A,

we get e = (Vs - U)/ (U - Ve)

We can write, e = (U -Va) / (Vo- U) = (Vr'- U)/ (U -Vs)
-rt

= (U -VA + Ve -U) / (Vo - U+ U -Vr)

Or e =( Va- Vo')/( Vn- Vr) -- (4)

Or (Vr'-Vo') =e(Vn-Ve)

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

The velocities Va and Vs cdn be obtained from equations (1) and (a)

For e=0. is a case of perfectlv Plastic impact, and the two boFies stay together and

have certain velocity, while momentum is conserved.

e = 1 is a case of perfectlv Elastic impact, where relative velQcities before and

after are the same. In this case, it can be shown that the Kinptic Energy is

u
-{} =cs

, , t,l', "i 'j',-- (3)
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Oblique Central lmpact:

In this case, the velocities of the objects are not along the lin

centres).

Direction and magnitude of the velocity after impact are un

The components of velocity before and after impact, for bot

line of impact n, and along common tangent line t are show

The t components, (those along tangent line)

are not affected and remain the same.

Vnt =Vl1 andVst = Vst

The n components are affected by impact and

the relative n component velocities are related by e.

V'gn-Vnn = e(Van-Ven) -- (1)

- Components of

the total momentum along n is conserved.

IilnVnn * ffi5V6n = fflaV nn * ITIsV 5n -- Ql
Eqns. (1) and (2) give the n components after impact, and

unchanged and known, velocities of both objects can be d

Exomple 7: Two elastic bqlls of 10N and 50 N trovelling alon

direction qt 3 m/s qnd 0.6 m/s collide. Find the velocities aft

Conservation of Momentum: 10x3 + 50x0.6 = 10xVr + 50xV2

CoR = e = 0.75= (Vz-Vr) / (Ut-Ur)

(Vr - Vr) = 0.75x(3-0.6) = 1.8 -- (ii)

Eqns. (i) and (ii) +V1 = -0.5 m/sVz = 1.3 m/s;

Loss of Kinetic Energy = (% MrUr' + % M2Ur' | - (y,
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Example 2: For e= 0,9 Find V1 ond Vr. (Ut = a nls) tJs * tz

Components of velocity along normal to line of impact rema

l€Uar= Vou* 9 Sin 30 = 4.5 m/s. Uey= Vey= 12 Sin 60 = 10.39

,:\ (vz -vt) _ vax-vaxlll e=-:-\'/ e (ur - uz) uax-ubx
vbx-vax 

= 0.9
(cos 30* L2 Cos 6O

(ii) conservation of momentum gives

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

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

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

From (1) and (2), Vax = -$.31 m/s; Vbx =7.t04 m/s.

Va = r/1vaxt + Vay2) = {S.g !2 + 4.52)= 6.86 mls

oe= tan-1 (4.5/5.31) = 40.28o

Similarly, Vn : !2.58, L55.6

Example 3: A ball is thrown qt an angle Oto vertical

that e = ton O/ tan Q ,

e = rel. vel. After impact lreL vel before impact.

-Vel. Of floor is zero. Also, the horizontalvelocity, v'

along the floor is not affected.

Hence V1 Sin e - Vz Sin (D.

e = Vz Cos (D/ V1 Cos e - (Sin

= tan O/tan (D

(r)

o/Sin o). (

L.yo,a (,
Cos O/ Cos O)

)
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Example 4: For two discs on a plone for oblique centrol im

velocity after impoct. Given Wa= 10 N; Ws- 20 N; Un- Ue=

The tangentialvelocities (along t) are the same before and a

Un =VRt =6m/si Uet =Vst=8m/s

In the normal direction, from Cons. of momentum,

WnUnn /g + WeUsn /g = WnVen/g + WaVen /g

or LOx 8 +20x(-6) = L0 X Van* 20 x Vsn

4Vnn+2Vsn --4 ---(i)

e = 0.6 = (Vrn-Vnn) / (Uon- Uen) = (Ven-Vnn) / (8-(-6))

(Vrn - Ven) = 8.4 --- (ii)

From (i) and (ii), VRn = - 6.94 m/s, Vsn = t.46 m/s.

Resultant Velocity of A after impact, Va= $ (Vont + Vr,2)

Vs - ri (g.g+ ' * 6'l = 9.L7 mls at Oe = tan-l(Vo, /Von) = tan

Similarly Vs = vi (I.46'* 8'l = 8.13 mls at 0s = tan-l(81t.

Example 5: A ball is dropped on a floor at 15" inclination

If the coefficient of restitution is e : 0'8 find velocity

Let Ur, Vr be the velocities of the ball before and after im

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

Ur:.gffi - *,fr1;u :7.67 m/s

Uk : Vt": Ur sin 15 : L.g}6m/s

Component along normal only is affected by impact

and is Ury :7.67 cos 15 - 7.4L2 m/s.

E = (Vz - Vr) / (Ut- Uz) = (O-Vrv)/ (Ur, - 0)

0.8 = (O-Vrv )/ F7.4L2-O) I Vrv = 5.929 m/s.

Vr= (Vr*t + Vry2) = 6.253 L7L.5o

'!!::,
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Exomple 6: A ball of 2 kg trovelling at 5 m/s strikes a hinged

distance of L.2 m from the hinge. lf CoR is 0.7, find the angul

plate, (*aw *lW i^y"L)
| = mlz 13 = 8 xl.sz /3 = 5.227 Kg.mt

Conservation of Angular momentum:

MuUu =Mu.V6x1.2+lrrl &Wff

2x5xL .2 = 2xY6xL.2 + 5.227 w

L2=2.4Vb+5.227 w (i)

CoR = e = 0.7 =(Vo -Vu)/(Uu-Uo) = (L.2 iuo-Vb)/(5-0)

L.2 w - V5 = 3.5 --- (ii)

Eqns. (i) and (ii))co = 2.52 rad/s;Vb = - 0.48 m/s.

The ball reverses in direction after impact.
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