5.5 IMPACT OF BODIES

Impact occurs when two bodies collide during a very short time period, causing large
impulsive forces to be exerted between the bodies. Common examples of impact are
a hammer striking a nail or a bat striking a ball. The line of impact is a line through
the mass centers of the colliding particles.

The common normal to the surfaces in contact during the impact is known as line of
Impact.

« If the velocities of both objects are along the line of impact, the impact is called
direct central impact.

If velocity of one or both objects is at an angle with line of impact, it is called oblique
impact.

* Consider direct central impact of two objects A and B moving with velocities Va
and v; (ua > ug) as shown in Fig.
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* During impact, a force P is exerted on A towards left and on B towards right due
to which they get deformed.



» After maximum deformation, the objects start regaining their original shape. The
time during which the objects regain their original shape is called the time of
restitution. In general, the force R exerted by B on A during restitution is different
from the force P exerted during deformation.

By impulse-momentum principle during period of deformation,

matlg — f Pdt = muu

and during period of restitution
mau = f Rdt = myvy

* The ratio of magnitude of impulse during the period of restitution to the magnitude
of impulse during the period of deformation is called the coefficient of restitution
denoted by e.
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From equations (9.3.19) and (9.3.20),
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From equation (9.3.21),
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* From eq\;;ﬁon 9.322),
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euy, +v4 = eug + vp
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From (9.3.26), we can define the coefficient of restitution as the negative ratio of
relative velocity after collision to the relative velocity before collision.

e(itg — ug) = vp— V4

For perfectly elastic collision, where kinetic energy and momentum are both
conserved, e = 1. For plastic collisions, where both objects move together with same
velocity after collision, e = 0. For other collisions, 0 < e < 1. Note that momentum
is conserved in all types of collisions.

General Procedure for Solving Problems

1) Use conservation of momentum equation.

I1) Use coefficient of restitution equation.

iii) Solve the two equations to solve for the two unknown velocities after impact.

Iv) If energy imparted to an object during impact is converted to another form or
dissipated in friction, use conservation of energy or work-energy principle for further
analysis.

v) For collision of an object with a rigid surface like the ground, the velocity of rigid
surface before and after impact is zero.




I.e., velocity after impact is ‘e’ times the velocity before impact in opposite direction.

Solved Examples

1.A ball of mass 20 kg moving with a velocity of 5 m/s strikes directly another ball
of mass 10 kg moving in the opposite direction with a velocity of 10 m/s. If the
coefficient of restitution is equal to 5/6, then determine the velocity of each ball
after impact.

Solution:

m; =20 kg, up =5 m/s

m, = 10 kg, uz =-10 m/s

e =5/6

By conservation of momentum,

miuy+mouy, = myvy+mMy 0y

(20)5)+(10)(=10) = 20v;+10v, | s
20140y = 0 . - «i (1)
& _(v_l-_v_z)
Uyp=—uy
5. (n=v2
6 5410 |
—01+02 = '2-)(15
-vl+vé = 125 . i ' o (2)
From (1) and (2),
vy = 4167m]s Opposite to its initial velocity

2

v, = 833 m/s also opposite to initial velocity.




2.Two blocks approaching each other along smooth surface, along same line are
as shown. After impact, velocity of B is observed to be 2.5 m/s to the right.
Determine coefficient of restitution.

Solution :

By conservation of momentum,

myty +mgpug = muv + mpgvp

. (0.6) (4) + (09) (-2) = (0.6)v4 + (0.9)(2.5)
Uyp = - 2.75 "m/s

o Vg — UB oo :‘2.75—2.5
€= s —ug) T 4-(=2

3.Two identical cars B and C are at rest on a loading dock with their brakes
released. Car A of same model is pushed by workers, hits car B with velocity 1.5
m/s, causing series of collisions between three cars. Assuming e = 0.50 for impact
between A and B, while e = 1.0 for impact between B and C, find velocity of each
car after all collisions have taken place.

Solution:

Let mass of each car be m. For collision between A and B,



mat g +‘mB Uup

(m) 15) + 0

UA:h“"UB'

e
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mavy + mpgvpg
muv, + muvpg

1.5

. UA—DB
uA—uB
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1.5-0
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From equations (1) and (2),

Va=0.375m/s —
vg=1.125m/s —

For collision between B and C,.

mpgupg + mc uc
m (1.125) + 0
vg+ V¢

e

1

—UB+'UC

—
—_

mpgvp + mc vc
muvg+muc
1.125 .

vg = VcC
Up — uc
'vB— vc
1.125- 0/

1.125

From equations (3) and (4)

VB:0

ve=1.125m/s —

As A is moving towards right at 0.375 m/s and B is stationary, there will be another

collision between A and B.

. (1)

s (2)

.. (3)

.. (4



maup + mpupg mAvA+vaB

m (0.375) + 0 = mvy + mvp _
vq +vgt = 0375 ' . oo (B)
” _(14_'_‘”3_)
Upa=— Up

by oA B
b = (0.375- 0)

- v4+vg = 0.1875 A - )
From equations (5) and (6),
va=0.09375 m/s —
vg =0.28125 m/s —

Now there is no further collision as va < vg < v¢c and all the three are moving towards
right.
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Oblique Impact

« If the velocities of the two colliding bodies are not along the line of impact, the
impact is said to be oblique.

* Consider oblique impact of two bodies A and B as shown in Fig.



* ua and pg are velocities of A and B respectively before impact and va and vg after
impact.

* During impact, the internal forces are directed only along the line of impact.

* Hence the components of the two velocities will change only along the line of
impact. The components of velocities along the common tangent remain unchanged.

(ak = (Va) | T L 932)
and (up) = (vph : ' : _ . .. (9.328)

* Momentum is conserved along the line of impact.
maug )y, +mp(ugl, =muy(vy), +mp(vg), | «(9.3.29)

* The relative velocities along line of impact are related to the coefficient of
restitution.

_ [(UAL ‘(UBL]

(“A )" _(“B )" (9.3.?0)

* Equations (9.3.29) and (9.3.30) can be solved simultaneously to find (Va), and (vg)n.
Knowing (va): and (vs): from equations (9.3.27) and (9.3.28), the velocities of A and
B can be calculated after impact.

Solved Examples



1.A smooth spherical ball A of mass 15 kg is moving from left to right with a
velocity of 5 m/s in a horizontal plane. Another identical ball B travelling in a
perpendicular direction with a velocity of 15 m/s collides with A in such a way that
the line of impact is in the direction of motion of ball A. Assuming e = 0.6,
determine the velocity of balls A and B after impact.

Solution:

The collision is shown in Fig.

Fig. 9.3.35

(ua) =0

() = Sm/s~>

(up)y = 15m/st

(uph =0,

As the velocity components remain unchanged along the t-axis,
(va)i=0
and
(vg)t =15 m/s

By conservation of momentum along n-axis,



ma(updy +mp(ply =ma(va) +mp(vph -
15x5+0 = IS(UA)"_'f'lﬂ‘U'B)'".

(V) +VBh = 5 | ' - N | (1?
o (VA —~(VB | |
[ (A —(uB) ] "
06 .= = (04 )'é:(ovB)"w
SO s st TN e S e
Adding equations (1) and (2),

2(VB)m = 8
L (vg)m =4 m/s

Substituting in equation (1),
(Vo) +4 = 5
(vahh = 1m/s
Ug- = V(UA),%*'(UA)Z 12 4
vy =1m/s~»

= \/(03)5 +vg) = V42 +152

05 =15524m/s

i =1 (V) -1 E
fg = tan [(vB»] tan (4)

0y = 1507 7




2.A ball of mass 1 kg moving with a velocity of 6 m/s strikes another ball of mass
2 kg moving with a velocity of 2 m/s at the instant of impact the velocities of the
two balls are parallel and inclined at 30° to the line joining their centers as shown
in the Fig.

If the coefficient of restitution is 0.5, find the velocity and the direction of the two
balls after impact. Also calculate the loss in kinetic energy due to impact and the
percentage of loss.

Solution:

The t-axis along the common tangent and the n-axis perpendicular to it are shown in
Fig.

' R I

my=1kg

Resolving the initial velocities of A and B along t and n-axis.



(ugh 6 cos 30, (ugq) =-—6sin 30
(ug), = 2cos 30, (ug) =-2sin 30

The t-component of velocity remains unchanged after impact.

(va) = ~65in30=-3m/s
and (vp = -2sin30=-1m/s
Momentum is conserved along the n-axis.

mA(uA),, +mpg(ug), =ma(Vah +m3(v_3),,
1X6c0s30+2X2cos30 =1X(v4), +2(vB)y,

(Vg +2(vg), = 8.66

The coefficient of restitution is given by

(v} —(v 4 )n]‘
| (up )y (14

05 = [ (v —~(vak
"7 ] 2cos30—6cos 30

(vah—(vg) = -1732

°
I
|

From equations (1) and (2),
(Va)n =1.732 m/s
(Vg)n = 3.464 m/s

(1)

)



= J@aAR Hva R = V32417322

?”4;3_‘!'?.‘&“‘/5 . |

0, = tan-! (va) =1l 3%

4 an [(vA),, AT T

04 =600

vg = \/(v,,)zﬂvs),% = V12 +3.4642

5 =3605m/s

0=t—l(8)t 9t i

B [(vB),, an \34e

oB 161°‘<I'?
Initial KE. = lm ‘U '+1m u2 %lx1x62+1x2x22

24 A T BEE Ty 2

Initial KE. = 22] '
'F- 1 KE ... 1 2 1 2 1 2 1 2
mal K.L. = -2-"1 vA-t-EmA UB =§X1X3.464 +-2-'X2X3.605

:

Final KE. = 19 ]
Initial K. E—Final K. E 22-19
TnitialK.E 100"( 2

% Loss of KE. = [ )XIOO

% Loss of KE. = 13.64 %

3.A ball of mass 2 kg, moving with a velocity of 3 m/s, impinges on a ball of mass
4 kg moving with a velocity of 1 m/s. The velocities of the two balls are parallel
and inclined at 30° to the line of joining their centres at the instant of impact.

If the coefficient of restitution is 0.5, find



1) Direction, in which the 4 kg ball will move after impact ;
i) Velocity of the 4 kg ball after impact ;
1ii) Direction, in which the 2 kg ball will move after impact ;

Iv) Velocity of the 2 kg ball after impact.

Solution:

The t-axis along the common tangent and the n-axis perpendicular to it are shown in
Fig. 9.3.37 (a).

i
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my=2kg |
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Resolving the initial velocities of A and B along t and n-axes,
(up) = 3¢cos30, (uyg) =-3sin30
(ug)y, = 1cos30, (ug)y =-1 sth 30



The t-component of velocity remains unchanged after impact.

and

(v4) = -3%n30=-15m/s
(bgh = —1s8in30==05m/s

Momentum is conserved along the n-axis.

ma(upgly +mplugh =ma(va), +mp(og), -
2X3cos30+4x1cos30 = 2X(vA),,+4(vB}, s

Z(UA}, +4(vp),= 8.66

The coefficient of restitution is given by

- _r(vak—(va)n]
| Lk ~(ak |
05 = — | (¥Bh—(@ak }
) - | 1cos 30=3cos 30

(val—(vph = -0866

From equations (1) and (2),

(va) = 0866 m/s
(vg), = 1732 m/s

o4 = (AR HOAR = V152 +0.866°
v, =172m/s |

. -1 (UA)‘ -1 15-
O = [(vA),,] tan (0.866)
OA =60° T
vg = \/(vB)f +Hog)p = V052 +1.7322
vg = 1.803 m/s :

s -1 {(@B) o -1( 05 ,
g =t [(vg),,]" (1.732)

65 =161° X

(1)

s (2)






