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Elastic and Inelastic Collisions
Objectives

In this lab you will

» test the Laws of Conservation of Momentum and Epnaggthey apply to one-
and two-dimensional collisions.

« use theExploration of Physics™ software to simulate the collision of two
pucks.

Equipment

Exploration of Physics™ simulation software.

Theory

The (linear) momentum of an object of masmoving with velocityv is given by
p=mv. If there is more that one object present insystem, the total (linear)
momentum is simply equals the vector sum of theviddal momentamyv; + mpv, +...

The total mechanical energy of the system is tatassum of the individual energids;

+ E, +... The Law of Conservation of Linear Momentumesahat the total linear
momentum of a system of objects is conserved ditheinet external force acting on the
system is zero. The Law of Conservation of Mectaritnergy states that the total
mechanical energlf is conserved only if there are no non-conservdtvees acting on
the system.

blue

Specifically, in a system consisting of two objeatsnomentg " andp™ ", the Law
of Conservation of Linear Momentum may be expressef®® + p°“®); = (p™? + p”%
where subscrigtindicates the initial value arfdndicates the final value of the total
momentum. Similarly, the Law of Conservation ofdianical Energy may be expressed
as K™+ K9, = (K™ + KPU®); where we have assumed that only the kinetic gnerg
changes in the systenklastic collisions conserve both momentum and eneirgyastic
collisions conserve only momentum.

red

Procedure
Set-Up and Data Collection

1) Open theéExploration of Physics™ program on your computer. Click on “Motion” and
then click on “2D collisions.” Familiarize your$elith the software.

2) The masses of the pucks can be changed by iadjtisé two slide bars at the top of
the left column (see Figure 1 below). To move dipaar puck, right click on it and drag
it wherever you wish. To change its initial velggitlick on its initial velocity arrow and
stretch it to make a larger velocity.
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3) The “coefficient of restitution” slide bar det@nes how elastic you wish to make the
collision: 0 = perfectly inelastic and 1 = perfgotlastic.

4) If you wish to view the full trail of the collisn in pause mode, check the circle “CM
Trail On/Off”.

5) To run the simulation click on “Play.” Use “$tdoutton to restart from the
beginning.

6) “Pause” whenever you want to record the velesitfter collision. The time, position,
and velocity components are displayed. Note thaiktcomponent of velocity is positive
(+) whenever the mass moves to the right and tbenyponent is (+) whenever it moves
upward. Otherwise these two components are (€)suBe to record the signs in your
data tables.

—_,._—_*_‘\l P
(-]
red mass (kg) sttt Bt B0 table angle (deg) (e e S R L )
blue mass (kg) —F]l - 50 snapshot time (s) B g20
coef. of restitution e [] 4 00 simulation speed e sy | 100

O Puck Trails On/Off
O €M Trail On/Off
O Magnetic Pucks

G_) @ Time:0.0s
Cursor Position (cm)
x y
Initial velocity (cm/sec)
x 4.0 0.0
y 0.0 0.0
Figurel

Each student isrequired to submit a completed data sheet in order to
receive full credit.
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Data Sheet — Elastic and Inelastic Collisions

Name

Partners’ Names

Date

21800/P201 L aboratory

Case 1. Elastic Head-on, Equal Masses, Stationary Target (Red)

Set nf"®= n®¥= 5 kg

Coefficient of restitution = 1

INITIAL FINAL
velocity | momentum kinetic en.| velocity | momentum) kinetic en.
Blue 4 cmls
Red 0
TOTAL

Is the total velocity conserved in this case? Bxpyour answer.

Is the total momentum conserved in this case? dixgour answer.

Is the total kinetic energy conserved in this ca&aplain your answer.

Page 3 of 7



|UPUI Physics Department

21800/P201 L aboratory

Case 2: Inelastic Head-on, Equal Masses, Stationary Target (Red)
Set nf"®*=m*¥ =5 kg

Coefficient of restitution = 0

INITIAL FINAL
velocity | momentum kinetic en.| velocity | momentum) kinetic en.
Blue 4 cmls
Red 0
TOTAL

Is the total velocity conserved in this case? Bixpyour answer.

Is the total momentum conserved in this case? dixglour answer.

Is the total kinetic energy conserved in this ca&aplain your answer.

Case 3: Elastic Head-on, Unequal Masses, Stationary Target (Red)
Set nf"®= 0.1 kg, nf®= 10 kg

Coefficient of restitution = 1

INITIAL FINAL
velocity | momentum kinetic en.| velocity | momentum) kinetic en.
Blue 5cm/s
Red 0
TOTAL

Is the total velocity conserved in this case? Bixpyour answer.
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Is the total momentum conserved in this case? dixgour answer.

Is the total kinetic energy conserved in this ca&a®lain your answer.

21800/P201 L aboratory

Case4: Elastic Head-on, Unequal Masses, Stationary Target (Red)
Set mf"®=5 kg, n*®= 10 kg

Coefficient of restitution = 1

INITIAL FINAL
velocity | momentum kinetic en.| velocity | momentum) kinetic en.
Blue 4 cmls
Red 0
TOTAL

Is the total velocity conserved in this case? Bixpyour answer.

Is the total momentum conserved in this case? dixglour answer.

Is the total kinetic energy conserved in this cagaplain your answer.
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Case5: Elastic Head-on, Equal Masses, Moving Target (Red)
Set nf"®*=m*¥ =5 kg

Coefficient of restitution = 1

INITIAL FINAL
velocity | momentum kinetic en.| velocity | momentum) kinetic en.
Blue 4 cmls
Red -2 cm/s
TOTAL

Is the total velocity conserved in this case? Bixpyour answer.

Is the total momentum conserved in this case? dixglour answer.

Is the total kinetic energy conserved in this ca&aplain your answer.

red mass (kg) ==Ll 50
R e e 1
—_— ] 1.00

blue mass (kg)

coef. of restitution

P e L
O

table angle (deg) e o g
snapshot time (s) B - p20
simulation speed — - []100

O Puck Trails On/Off
O CM Trail On/Off
O Magnetic Pucks

Time:0.0s
Cursor Position (cm)
x ¥
Initial velocity (cm/sec)
x 4.0 0.0
y 0.0 2.0

Figure2
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Case6: 2-d Elastic Head-on, Equal Masses, Moving Tar get
Set up the pucks as shown in Figure 2.

Set nf"®*= m®*¥ =5 kg

Coefficient of restitution = 1

Initial Data:
x-velocity y-velocity X-momentur y-momentuAn kiregnergy
Blue 4 cm/s 0
Red 0 2 cm/s
TOTAL
Final Data:
x-velocity y-velocity X-momentum y-momentuAn kiree@nergy
Blue
Red
TOTAL

Is the total x momentum conserved in this casepldix your answer.

Is the total y momentum conserved in this casepldiix your answer.

Is the total kinetic energy conserved in this ca&aplain your answer.

Page 7 of 7




