Collision Theory
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Any nieraction between (usually wo) objects which ooours for short
arme interls Arwhen forces of interaction dominale aver axiernal
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»  Of das=ical chjects ke colisions of motor wehicles.
= Of substomic particles — collisions allow siudy foroe s,

= Sporis, medical njunes, projecliles, elc

Momentum and External Forces

Select your system.

|dentify all forces acting on the system.

If there is 3 non-zero total external foroe,
f‘:" =0 or collision time is instantaneous implies
momenium is constant,
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Problem Solving Strategies:
Momentum

Identify the objects that compose the system.

Identify your initial and final states of the systern. Diraw
two momentum diagrams: one for the initial state and
the other for the fnal state.

Choose symbols to identify each mass and velocity in
the systam.

Identify a s=t of positive dirzctions and unit vectors for
each state.

Decide whether you arse using components or
magnitudes for your velocity symbols.

Momentum is a wector!




Momentum Analysis

Since momentum s a vecior I:ILE'IIJl!.I ||:|-|=1'|Lif5.l the iniial and fnal veclor
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Conservation of Momentum

If na external forces are acing on the system, wite doan the
condifon thal momentum is constant in each direction.
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Planar Collision Theory: Energy

Types of Collisions in Twoe Dimensions:

Elastic: Jf.'.r'" =K
Inelastic: e

Completely Inelastic: Only one body emerges.

Superelaste: Er<Er”

Concept Question: Elastic
collision

Carl A is af rest An identical car B, rru:l.r:El'I:l the ight, collides
elasticaly with car A Afier the: colisian., which af the following is
true?

1. Corls & and B are both o rest

2. Carl B stops and carl A moves to the nghl with speed equal
to the onginal speed of car B.

3. Carl A remnains of rest and cart B bounces back with speed
equal o its orginal speed.

4. Carl A mowes to the nghl vath a =li le== than the
ariginal =peed of carl B and cart B moves Io the right with a
very smal speed.




Concept Question: Inelastic
collision

Cart A= al rest. An idenficl cart B, mawing o the nght, collides
wilh cart A Thﬂ;ﬂil:-h logether. Afler the colision, which of the
following is true

1. Card= & and B are bolh at rest

2. Cars Aand B mowe (o the right with a speed greaier than
cari B's onginal speed.

3. Cars A and B mowe (o the right with a speed le=s than cart
B's anginal speed.

4. Car B siops and cart A moves io the right with speed
equal io e oniginal speed of crt B

Table Problem: totally inelastic
collision

A car of mass m, moving with speed v, ; collides with
another car that has mass m, and is initially at rest. After
the collision the cars stick together and move with speed v,
What is the change in mechanical energy dus to the

colision?
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Table Problem: elastic collision

Cormider the elastic collision of bwo carls along a track; the inddent Gt
A has masx M, and maves with initial speed v, . The el Gt B has
misx has morss Mg = 2 m, and & inially at rest Immediately afler the
callision, the incident carl has final speed ¥, ; and the larget card has
firal speed vy, Caloubie the final velocities of the cris s a funcion of
e inilial speed
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Example: Elastic Collision in 2-d

In the aboratary reference frame, an inadent” parficle with mass &, is
mowing with given initial speed +,,. The s=cond @amgel” parlide s of
mass s, and ai rest Afier an elashbc colision, the Srst paricle moves off
al an angle & . with respect (o the initial direction of mation of the
incident pariche with final speed v, - Partide bwa moves off al an angle
&, - with final speed v, - (i) Find the equations that represent
conservabian ol mamentum and energy. Assume no exlernal forces. (i)
De=ign a strateqgy o find V., ¥, and & (You will sohve this type of
pratilem an your homework. |
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