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Lecture 7
Physics 106

Spring 2006

Review 2 for
2nd CQZ

Rolling and Kinetic Energy 
Conservation of Angular Momentum

http://web.njit.edu/~sirenko/
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Vector Product:
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Force F = ma    τnet = I ⋅α

Angular Displacement 
Angular Velocity 
Angular Acceleration
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Rotational Inertia
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Smooth rolling motionSmooth rolling motion
Rotation and TranslationRotation and Translation

Reference frameReference frame Kinetic Energy of RollingKinetic Energy of Rolling
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Example 1Example 1
Kinetic Energy of RollingKinetic Energy of Rolling

+ Energy conservation !!!+ Energy conservation !!!

Kinetic Energy Kinetic Energy Potential EnergyPotential Energy

∆∆U + U + ∆∆K = 0 K = 0 UUinitialinitial = K= Kfinalfinal Mgh Mgh = = 

Disk:Disk: Hoop: Hoop: Sphere:Sphere:

IIcomcom= = ½½ MRMR22 IIcomcom= MR= MR22 IIcomcom= 2/5 MR= 2/5 MR22

comcom

For disk: For disk: Mgh = ½(1/2M + M) vMgh = ½(1/2M + M) v22
comcom;    ;    vvcomcom = (4/3 = (4/3 ghgh) ) ½½
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Angular Momentum

System of particlesSystem of particles

[kg m[kg m22/s]/s]

Torque:

For rotating body:
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m I
v ω

Angular MomentumLinear Momentum

Both are vectors

[kg m[kg m22/s]/s]

[kg m/s][kg m/s]

For rotating body:
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Angular Momentum Conservation:

“If the external torque is equal to zero, L is conserved”

1. Li = L bullet = m⋅v⋅r⋅sin(π/2) = ???

2. Lf = I⋅ω = (Mr2 + Mr2 + mr2 ) ωf =     
=2 kg⋅m2/s

3. Li = Lf (angular momentum conserv.)

4. v bullet = ωf ⋅(2Mr2 + mr2 )/mr = 2000 
m/s

5. Ki = ½ m v2
bullet = 2000 J

6. Kf = ½ I ω2 = 1 J

7. Kf/Ki = 1/2000 

m

MM
r

1. Define a rotational axis and the 
origin

2. Calculate L before interaction or 
any changes in  I

3. Compare with L after the 
interaction or any change in  I

1. M = 1 kg
2. m = 1 g
3. r  = 1 m
4. ωi = 0 ωf = 1 rad/s
5. v bullet = ? Kf/Ki = ?
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A    A    Example:Example:

A A horizontal disc of rotational inertia horizontal disc of rotational inertia I = 1 kg.mI = 1 kg.m22 and radius and radius 
100 cm100 cm is rotating about a vertical axis through its center is rotating about a vertical axis through its center 
with an angular speed of with an angular speed of 1 1 radrad/s/s.  A wad of wet putty of .  A wad of wet putty of 
mass mass 100 grams100 grams drops vertically onto the disc from above drops vertically onto the disc from above 
and sticks to the edge of the disk. What is the angular speed and sticks to the edge of the disk. What is the angular speed 
of the disk right after the putty sticks to it?of the disk right after the putty sticks to it?
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A    A    Example:Example:

A A horizontal disc of rotational inertia horizontal disc of rotational inertia I = 1 kg.mI = 1 kg.m22 and radius and radius 
100 cm100 cm is rotating about a vertical axis through its center is rotating about a vertical axis through its center 
with an angular speed of with an angular speed of 1 1 radrad/s/s.  A wad of wet putty of .  A wad of wet putty of 
mass mass 100 grams100 grams drops vertically onto the disc from above drops vertically onto the disc from above 
and sticks to the edge of the disk. What is the angular speed and sticks to the edge of the disk. What is the angular speed 
of the disk right after the putty sticks to it?of the disk right after the putty sticks to it?

1. Define a rotational axis and the 
origin

2. Calculate L before interaction or 
any change in  I

3. Compare with L after the 
interaction or any change in  I

1. Li = Ii⋅ωi = 1 kg.m1 kg.m2  2  ⋅ 1 1 radrad/s/s = 1 kg⋅m2/s

2. If = (Ii + mr2) = (1 kg.m1 kg.m22 + 0.1 kg.mkg.m22 )

3. Li = Lf (angular momentum conserv.)

4. ωf = ⋅ωi Ii / If = 11 radrad/s /s ⋅ (1/1.1) = 0.91 rad/s
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More Examples:
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More Examples:
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