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Lecture 6
Physics 106

Fall 2006

•Angular Momentum

•Rolling

http://web.njit.edu/~sirenko/
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Angular Momentum:

Angular Momentum Angular Momentum 
for rotationfor rotation

Definition:Definition: [kg m[kg m22/s]/s]

sinl r m v φ= ⋅ ⋅ ⋅
l I ω= ⋅

System of particles:System of particles:

Torque:
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Conservation of Angular Momentum

Angular momentum of a Angular momentum of a 
solid body about a fixed axissolid body about a fixed axis

Law of conservation of Law of conservation of 
angular momentumangular momentum

(Valid from microscopic to (Valid from microscopic to 
macroscopic scales!)macroscopic scales!)

If the net external If the net external 
torque torque ττnet net acting on acting on 
a system is zero, the a system is zero, the 
angular momentum angular momentum 
LL of the system of the system 
remains constant, remains constant, 
no matter what no matter what 
changes take place changes take place 
within the systemwithin the system 10/10/2006 Andrei Sirenko, NJIT 4

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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Linear Momentum Conservation:

Angular Momentum Conservation:

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

Both, elastic and 
Inelastic collisions

1. Define a reference frame
2. Calculate P before the collision
3. Compare with P after the collision

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
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Example:Example:

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
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Example:Example:

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

1. Li = Ii⋅ωi = 1 kg.m1 kg.m2  2  ⋅ 1 1 rad/srad/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 = 1 1 rad/srad/s ⋅ (1/1.1) = 0.91 rad/s
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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 = 200 m/s

5. Ki = ½ m v2
bullet = 200 J

6. Kf = ½ I ω2 = 1 J

7. Kf/Ki = 1/200

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 = 10 g = 0.01 kg
3. r  = 1 m
4. ωi = 0 ωf = 1 rad/s
5. v bullet = ? Kf/Ki = ?
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Rolling
Smooth rolling Smooth rolling 
motionmotion

Rotation and TranslationRotation and Translation Reference frameReference frame
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Rolling of the train wheel
is it the same or slightly different?

PP

PP’’
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Forces
A net force A net force FFnetnet acting on a acting on a 
rolling wheel speeds it up or rolling wheel speeds it up or 
slows it down and causes an slows it down and causes an 
acceleration.acceleration.

There is a slipping tendency for There is a slipping tendency for 
the wheel, while the friction the wheel, while the friction 
force prevents it.force prevents it.
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ac
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Kinetic Energy

Stationary observerStationary observer

ParallelParallel––axis theoremaxis theorem

A rolling object has two types A rolling object has two types 
of kinetic energy: a rotational of kinetic energy: a rotational 
kinetic energy due to its kinetic energy due to its 
rotation about its center of mass rotation about its center of mass 
and a translational kinetic and a translational kinetic 
energy due to translation of its energy due to translation of its 
center of mass.center of mass.

Sample Problem X12Sample Problem X12––1:1: A uniform solid A uniform solid 
cylindrical disk (cylindrical disk (MM = 1.4 kg, = 1.4 kg, rr = 8.5 cm) = 8.5 cm) 
roll smoothly across a horizontal table roll smoothly across a horizontal table 
with a speed of 15 cm/s. What is its with a speed of 15 cm/s. What is its 
kinetic energy kinetic energy KK??
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What is more important:
Kinetic Energy Conservation or 

Angular Momentum Conservation ?

Only net Only net external external 
torquetorque ττnet  net  can change can change 
the angular momentum.the angular momentum.

LL is a vector, direction is a vector, direction 
is importantis important

Work of external and Work of external and 
internal forces can change internal forces can change KK. . 
KK is a scalar variable,is a scalar variable,
which has no directionwhich has no direction
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Forces
The acceleration tends The acceleration tends 
to make the wheel to make the wheel 
slide.slide.

A static frictional force A static frictional force 
ffss acts on the wheel to acts on the wheel to 
oppose that tendency.oppose that tendency.
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WheelWheel
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Free falling / sliding without friction:
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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 = Mgh = ½½(1/2M + M) v(1/2M + M) v22
comcom;    ;    vvcomcom = (4/3 = (4/3 ghgh) ) ½½
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Summary for rotational motion Summary for rotational motion 


