Experiment 07: Momentum and
Collisions




Goals

Q Investigate the conservation of momentum in elastic and
inelastic collisions

0 Investigate the conservation of energy in an elastic collision

0 Investigate the amount of kinetic energy available for non-
conservative work in an inelastic collision



Equipment setup
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A S— A S—

Q Use the lighter spring on the force sensor.

0 Clip the motion sensor to the end of the
track.

Q Level the track.

Q Place Target cart at rest about 10cm from the spring.

0 Place Incident cart about 16-20cm from motion sensor.

0 Note: Velcro facing = inelastic and magnets facing = elastic.

0 Roll incident cart just hard enough to come back to its starting point.
Practice this first before you take your datal

0O Make measurements with different weights of incident and target
cart.



Starting DataStudio

Q Create a new experiment.
Q Plug force and motion sensors into the 750 and

0 drag their icons to inputs in the Setup window.
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0 Double-click the Force Sensor

icon.




Force Sensor
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0 Set Sample Rate to 500Hz and Sensitivity to Low.

0 Double-click the Motion Sensor Icon.



Motion Sensor
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Q Ensure to have Acceleration, Position and Velocity checked
Q Set Trigger Rate to 80Hz
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Sampling Options
tdanual 5ampling | Delayed Start | Automatic Stop I

[™ Keep data values only when commanded.
™ Enter a keybaard value when data iz kept.

™ Frompt for a value

Sampling Options

Manual Sampling ~ Delayed Start |.~'1'«uh:|matiu: Stop

" None
" Time I Seconds
I d {* DataMeasurement
De C‘Ye [ Position, Ch 182 [m) |
Start and [Rise sbove =] | D300 m
AUTO ma-l-ic I Keep data prior to start condition. I 0.000 Seconds

[ Start Signal Generator before start condition,

Stop!

Sampling Options

No boxes checked!

Sampling Dptions

b anual Samplingl Delayed Stat  Automatic Stap

" Maone
" Time I 10| Seconds

+ Data Measurement
[Pastion, Ch 182 (m) =l

[Falbelow =] | 0300 m

0K I Cancel |

Help

Position rises above
0.3m.

]

Cancel |

Help

Position falls below
0.3m.




Two equal mass carts A
and B collide.
This is X, vs. time.

What happens...:

Along line AB?
At point B?
Along line BC?
At point C?
Along line CD?
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does cart B hit the spring?
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Two equal mass carts A
and B collide.
This is V, vs. time.

What happens...:

1. Along line AB?
2. Along line BC?
3. Along line CD?
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4. Along line DE?
5. Along line EF?
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A cart of mass 12 i Area
0.25kg collides d : N A Run#1 027N
with a spring on :
the force sensor. 5 q \\
Here is the force = # [User-Defined Fi .
during the collision. " / ¢ 0562 + 2264 \
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What does the area under the curve tell
you?

What can you learn from the parameter
™




Inelastic collisions
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Q Use Statistics Tool (Z) to measure velocities v, and v,, before and

after

the collision. Complete the table.

My

Mg

Va1

Vs

0.25 kg

0.25kg

0.25 kg

0.50 kg

0.50 kg

0.25 kg




Elastic collisions
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Inelastic analysis (Homework)
My Mg [Vag [Vem [Ki [Kewes [Vo Ky [Wie
0.25 |0.25

Fill in the tablel
MAvVA 1 1 1 5

VoM = Koycos = —=ma(vs 1 —vep)? + =mpvd,
ma+mp - ¢MCS T 5 Al Al cm)” + 5 MBYCM

1 1 ;
K| = i?nATf’?q,1 K, = §(m‘4 +mpi = Ky — Wye



Elastic analysis (Homework)

m, |Mg (Va: [Vem [Ki | Vao J Vg, |K;
0.25 [ 0.25
kg |kg
0.25 |0.75
kg |kg
0.75 [ 0.25
kg |kg

Fill in the table. Part of Problem Set
9.



Rotational Motion, Torque,
Angular Acceleration, and
Moment of Inertia

8.01t
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Rotation and Translation
of Rigid Body

Motion of a thrown object
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Translational Motion of the
Center of Mass

—

 Total momentum prF =m°v_

e External force and acceleration of center
of mass

F;)(::al _ dgFal _ mtotal dzlf;::m _ mtotaI;&Cm




Rotation and Translation
of Rigid Body

e Torque produces angular acceleration about
center of mass

total

Tcm — I cm ng

« | is the moment of inertial about the center
of mass

Ty IS the angular acceleration about center of
mass



Fixed Axis Rotation

e CD is rotating about
axis passing through |

A
the center of the disc St
and is perpendicular e T
to the plane of the
disc.

e For straight line
motion, bicycle wheel
rotates about fixed
direction and center
of mass Is translating




PRS Question

Consider the uniformly rotating object shown
below. If the object's angular velocity is a
vector (in other words, it points in a certain
direction in space) is there a particular
direction we should associate with the angular

velocity?
A i
yes, + 0 direction (tangential
e . 0 P
yes, ¢ direction (radial) ——
yes, + Z direction (perpendicular to plane) s _ Fr:l::*“* ¥

yes, some other direction

no, the choice is really arbitrary



Fixed Axis Rotation: Angular
Velocity and Angular

Acceleration
Angle variable 0 s o | \
. do |
Angular velocity W= e
2
Angular acceleration = d’o el jaxis _——
dt2 e .[ et ,&_-:..,&:S e .
. i = e XUB
Mass element Am. | ( —- B,

Radius of orbit r \1—’
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sits at the outer edge of a merry-go-
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W=

o B

PRS Question

A ladybug sits at the outer edge of a merry-go-
round that is turning and slowing down. The
tangential component of the ladybug's
(Cartesian) acceleration is

In the direction of the velocity.
IS opposite the direction of the velocity.

IS perpendicular to the plane of the merry-go
round.

IS towards the center of the merry-go round.
Zero



Fixed Axis Rotation: Tangential
Velocity and Tangential
Acceleration

* Individual mass elements Am.

e Tangential velocity Vini = 1@

« Tangential acceleration A =10

« Radial Acceleration Vtzani )
Arag i = " =1,



Class Problem

A turntable is a uniform disc of mass 1.2 kg and a radius

1.3x107*m . The turntable is spinning initially at a
constant rate of (33 rpm). The motor is turned off and
the turntable slows to a stop in 8.0 s. Assume that the
angular acceleration is constant.

a) What is the initial angular velocity of the turntable?

b) What is the angular acceleration of the turntable?



Newton’s Second Law

« Tangential force on rai B
mass element £ 3

[ G it

produces torque \ S

* Newton’s Second

|:tan i — Amiatan i
Law ' '
Fani =AM

e Torque T, =I5 ¥F,



Torque

Torque about Is S:

e Counterclockwise

e perpendicular to the
plane

7o =1 Foi =AM(r )@

| 17 tan,i



Moment of Inertia

Total torque is the sum over all mass elements

i1=N
| 2
T;ma =Tg1tTg, + ZTS| Z i Feani ZAmi(rJ_,l) a
i—1

Moment of Inertia about S

IS — ZAmI (rJ_,l)2
i=1
Continuous Body |, = j dm('l)z
body
Mass Element: dm = Adl
one dim’l;
two dim’l: dm = codA
Unit: [kg —m?]
total

Summary: To = — | N0



Parallel Axis Theorem

rigid body of mass m.

axis one through center of
mass of the body.

parallel axis through point S In
body.

d, ., perpendicular distance
between two parallel axes.

2
S,cm

. =1, +md



Class Problem: Moment of
Inertia of a Rod

Consider a thin uniform rod of length L and
mass m. In this problem, you will calculate
the moment of inertia about two different
axes that pass perpendicular to the rod.
One passes through the center of mass of
the rod and the second passes through an
endpoint of the rod.



Strategy: Moment of Inertia

Step 1: Identify the axis of rotation
Step 2: Choose a coordinate system
Step 3: Identify the infinitesimal mass element dm.

Step 4: Identify the radius, I'|, of the circular orbit of the
Infinitesimal mass element dm.

Step 5: Set up the limits for the integral over the body in terms of
the physical dimensions of the rigid body.

Step 6: Explicitly calculate the integrals.



Class Problem

A turntable is a uniform disc of mass 1.2
kg and a radius 1.3x10'm. The moment of
inertia of the disc is 1.0x10 kg —m?. The
turntable Is spinning at an initial constant
frequency of f, =33 cycles/min | The motor
IS turned off and the turntable slows to a
stop In 8.0 s due to frictional torque.
Assume that the angular acceleration Is
constant. What is the magnitude of the
frictional torque acting on the disc?



