1. WhatisaCollision?

A collision is an isolated event in

which two or more bodies (the

colliding bodies) exert relatively
strong forces on each other for a

relatively short time.
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2. Impulse and Linear Momentum  Singje collision
F=dp/dt , . J
= dp=F(t)dt .
[2dp=[Fdt Tl :
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Two particle-like bodies L and R collide with each other. During the
A T collision, body L exert forceF (t) on body R, and body R exerts force—F (t)
(Definltlon of J, Impulsej on body L; athird-law force pair. Their magnitude vary with time during
T the collision.
J=["F()dt _ _
b J isthe area under the curve of F vst. If F,,4 isthe average
= [Ap=J magnitude of the varying force F (t) such that it gives the same
. Z area (see graph (b)) for the same duration of the collision, then
impulse - linear momentum || | | b sedto: T=F—A
theorem Impulse can be equ 0. |J=Fy4 At
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. The impulse — momentum theory in component form:
Py — Py =A Px=Jx
Py —Py=Apy=Jy
Py, — P, =AP,=J;

*  Seriesoficollision
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Impulse on target = - impulse on n projectiles

J=—-nAp where Ap isthe momentum change for each projectile.

J n n

If the projectiles stop after impact, then Av=v, -V, =0-v=-v

If the projectiles bounce backward, withv, =-v, then Av=v, -V, =—-v-v=-2v

In the time interval At, an amount of mass nm= Am collides with the target, therefore:

Am
FaV = _A—tAV
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Momentum and Kinetic Energy in Collisions

In the discussion that follows we consider closed (no mass enters or leaves them) and
isolated (no net external forces act on the bodies within the system) systems.

. If the total kinetic energy of the system of two colliding bodiesis unchanged by a
collision, then the kinetic energy of the system is conserved. Such acollisioniscalled
an elastic collision.

. If the kinetic energy of the system is not conserved, such acollisionis caled an
inelastic collision. Most collisions areinelastic. A completely inelastic collision iS
where the colliding bodies stick together after collision.

. The total linear momentum, P of aclosed, isolated system is always conserved in any
collision whether the collision is elastic or inelastic. Conservation of Linear
Momentum for Collision
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Inelastic Collision in One Dimension

Congeivation of Linealr Momentum, Bodyd: . BedpX
BefOre ety — Total Linear Momentum is
1D -0 + 5 - " “ conserved even when the
Py Pz = Py + Py _ _ collisionisinelastic, in a
M Vy + MLV =MV + ML Vo . B . closed, isolated system
Completely Inelastic Collision T Special casein which v,, = 0 and
i | P, ks the two bodies stick together
m v, =(m+m,)V e T after the collision.
m i Note that the velocity V after the
= V= m T m, Vi i > collision depends on the ratio of
Gt m, and (M, + m,).
Velocity of Cenierr of Mass T R
k Theright side of the equation
P_MV. — = — ] Is a constant before and after
=M Veom = (M, + M) Veom —b the collision. Therefore, V.
anzy 1,, does not change in a closed,
. P By + Py P; + Py Fime isolated system. Thereisno
= com = = = g net external force to change
+ + 4 AR g9e
MM, MM M | A itstotal momentumas F, = d%t
| [ =
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Elastic Collision in One Dimension
..I; IH_{ In an elastic collision, the kinetic energy of each
it colliding body may change, but the total kinetic
: : energy of the system does not change. The total KE
. . — IS also conserved in addition to the total momentum.
MV + MV =MV + MV IV +Emy vy = m 2 +3my vy
My (Vg =V ) = =M, (Vy — V() My (Vg = Vi) (Vg V) = =M, (V= Vo ) (Vy V)
(Vi —Vg) ==(Vyg — Vo)
Moving Target Stationarry Tanget (V= 0)
L A T >
' ml+mz rr“mz | Vig = mlnhn D Vor = nl Vi
m+m, m+m,
Vy :ZTle]j + sz: mlv2i In the special case that m, is much,
> m+m much larger than m, :
If m;=m, V]_f :V2i and V2f :Vli Vlf lei and V2f zZVli
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6. Coallisionin Two Dimension

Special case when target body is at
rest before the collision: (v,;= 0)

N,

My Vg, =M Vi
=—mV;;

COS, +m,V, . COst,

sng +m,v,. sing,

Ky +Ky =Ky +Kyp = dmy2=3my, 2 +imyv,

In the special case of ELASTIC callision and m; = m, , it can

that 0, +6, =90°
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Thisistrueonly if
<— thecollisionis
ELASTIC

be proved
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