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Dynamics — Collisions

1. Newton’s third law explains the law of conservat@rinear momentum
mu, + mu, =my,+my,
Where
my, M, - Masses of the colliding bodies.

u,,u, - Velocities of the bodies before collision.
v;,V, - Velocities of the bodies after collision.
2. Recoil of a Gun:If a bullet of mass 'm' travelling with a muzzleleeity, is fired from a
rifle of mass 'M', then
a) Velocity of recoil of the gunis V = mv/IM
b) K.E of the bullet is greater than the K.E of thke.

d) When a gun of mass ‘M’ fire a bullet of mass ‘raleasing a total energy ‘E’.

e) Energy of bullet f=_EM_

M+m

f) Energy of gun E:%

3. When a moving shell explodes, its total (vector summentum remains constant but its
total kinetic energy increases.

4. |If the velocities of colliding bodies before andeafcollision are confined to a straight
line, it is called-head on collision or one dimemsil collision.

5. Elastic collisions
1. Both kinetic energy and linear momentum are eorexl.
2. Total energy is constant.
3. Bodies will not be deformed.
4. The temperature of the system does not change.

e.g. Collisions between ivory balls, molecuitgmic and nuclear collisions.

o

Perfect elastic collisions
a) When m, m, are moving with velocities;uu, and \, v, before and after collisions,

then
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m, —m 2m
a)V1= - 2 u, + . u,
ml+m2 m1+m2

2m m, —m
b) v, = L |y, +| —2—2u,
ml+m2 m1+m2

b) Two bodies of equal masses suffering one dameal elastic collision, exchange

their velocities after collision. i.e., if j& m, then = w, and = u.

c)

d)

e)

If a body suffers an elastic collision wéthother body of the same mass at rest,
the first is stopped dead, whereas the secongsnwith the velocity of the
first.
i.e.ifm=myand y=0theny=0; w= u,.

When a very light body strikes another veigssive one at rest, the velocity of
the lighter body is almost reversed and the ma&gidg remains at rest. i.e., ibm
>>m, and y= 0, then y=u; and = 0.

When a massive body strikes a lighter/one st tee velocity of the massive

body remains practically unaffected where as thbtér one begins to move with a

velocity nearly double as much as that of the masme. i.e., if m>>m, and y= 0,

then =y, and = 2u,.

7. A body of mass mcollides head on with another body of massatrrest. The collision is

perfectly elastic. Then

a) Fraction of kinetic energy lost by the firstlyds_4Mmz2

2
(Mg +my)

b) Fraction of kinetic.energy retained by first pds(ml‘mzf.

m; +m,

8. Inelastic collision

© o a b~ w DN P

Linearrmomentum is conserved.

Kinetic energy is not conserved.

Total energy is conserved.

Temperature changes.

The bodies may be deformed.

The bodies may stick together and move witbhraraon velocity after collision

Two bodies collide in one dimension. The cabirsis perfectly inelastic, thenm +

MyUy = (Mg + my) V

9. Common velocity after collisiop= M1 * M2z

(mq +my)
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10. Total loss of kinetic energy in perfect inelasbllision

2
mimy(uy —U,)” =1 mym, (u —u2)2

=1
2" m+m, 2m, +m,

9. Ballistic Pendulum: A block of mass M is suspended by a light
string. A bullet of mass m moving horizontally with velocity 'v'
strikes the block and gets embedded in it. Thekokrad the bullet
rise to a height h. Then

a) mv = (M+m)V

b) V = 2gh

c) mv = (M+m)./2gh

dyv= L;m)\/ZgTh

e) If the string of the ballistic pendulum makesaagle@ with vertical after impact and
the length of the string Iwhen6< 90°) v :M%\/m

f) If the ballistic pendulum just completes a"@rén the plane, velocity of the bullet
v= M;m\/S_gI

10.Co-efficient of restitution (e) The. co-efficient of restitution between two balim a

collision is defined as the ratio ‘of the relativeocity of separation after collision to the

relative velocity of their approach before theilisan.

) Jelative velocity of separation _ vV, —v;
relative velocity of approach. = u; —u,

e = 1 for a'perfect elastic collision
e =0 for a perfect inelastic collision

Forany other collision ‘e’ lies between 0 dnd

b) Loss of K.E. =2 MMy ) (1-¢?)

2m +m,
c) A body falls from a height of h onto a surfadeoefficient of restitution ‘e’. If it
repeatedly bounces for several times, then

I. A body is dropped from a height ‘h’ rebounds to @ight'h’, then
h

e=,|-=
h

ii. For nth rebounceh, =€*h
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d) A body dropped from a certain height strikesgh@und with a velocity ‘v’ in a time t

and rebounds with a velocityin a time t, then
i, e=2 Ande=1
v t

i. After i” bounce,v, =e¢vand t, = e"t

ii. Total time taken before it stops rebounding ;s\@[l*f_e
gll-e

Iv. Total displacement of the body before it stops velgling is h.

v. Total distance traveled before it stops rebound;;n;gh{1+ ei}
1-€

vi. Average velocity before it stops rebounding i@@;\/@[iﬂ
2

1+e

vii. Average Speed before it stops reboundingaoee@:\/g{(ue;z}
1+e

viii. The time elapses from the moment it is droppethéocsecond impact with

the floor,

t= |2 (1420
e

11. A ball falls vertically onto a floor with a momemh of P and bounces repeatedly. The total

momentum imported by.the ball on the floor is gitmn AP == p(“eJ
l-e

12.1f a body is vertically projected up with a veltycu ,

a) The total space covered up to the instanttobounce is 4 :U_z[l‘ezn}

b) Total time taken upto the instant of nth baunc_ 2_u[1— e’ }
g 1-e
13. A body is projected with a velocity ‘u’ making amgle '¢' with horizontal. It makes

number of bounces before coming to rest.

a. The total time taken before it stops tetabng is ;1 - 2U[Sin 9]
gll-e
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b. Total distance traveled before it stops

reboundingg _ u”®sin 26

g (1 -e? ) "
. . . . wsina Gy
14. Oblique collision: After collision if the bodies e
- . . . . = Uy ‘-E’ Uz Q“:zr—ﬂ—vltos
move in directions making angke and B with o g ‘3@\ s s
the initial direction of motion, then

mu, + m,u, = my,cosa + my , coy3

0=my, sina —my, sin8
15. A ball strikes a wall with a velocity v at an aegif incidenced and
bounces at an angle of reflectignwith a velocity Vv, then

Along the wall, usin@=V sing

u s

Perpendicular to the Wadal,zﬁ _ Vcosp
v, ucosf
eucosd =V cowp
tand — >
tang=—— and Vv =u/sin? 8+e’.cog @
e

16. A ball strikes a wall with a velocity v at an angtewith the wall and
Wt wleosd
bounces with a velocityhat an ‘anglep with the wall, then \\j
visind, n

wall

Along the wall, V' cosp=u co¥ -
Vl i ucosd
Perpendicular to the wati=2 =¥ 5% ’

v, usiné

v'sing=eu sind
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