
Midterm Exam 2 is in 6 days.

Study!

Tuesday March 21
•Assignment 10 due Friday

•Pre-class due 15min before class

•Help Room: Here, 6-9pm Wed/Thurs

•SI: Morton 326, M&W 7:15-8:45pm

•Office Hours: 204 EAL, 10-11am Wed

or by appointment (meisel@ohio.edu)

•Midterm 2: Monday March 27th

7:15-9:15pm Morton Hall Room 201

Topics for this Lecture: 

•Circular Motion

•Angular momentum

•Fun facts to know & tell:

Fresh Prince

mailto:meisel@ohio.edu


Consider two masses on a rod rotating as shown.

In case A, the masses are at the end of the rod.

In case B the same 2 masses are closer to the center.

If the same torque is applied to each situation, which arrangement of masses has the 

lowest angular acceleration?

A. A

B. B

C. Both have the same

A B

1

1. τ = Iα = F*r*sin(θ) = same for all

2. α = τ/I
3. The mass for case A is less concentrated toward the axis of rotation.

So, case A has a larger moment of inertia, I.
4. From (2), larger I means smaller α. …So case A will have the lowest α.



Consider two masses on a rod that is attached to an axle, rotating as shown.

The masses are placed identically in each situation.

In each case the rod (massless) is turned by pulling a string wrapped around the center 

axle (also massless). The center axle in case B has a much larger radius.

If the force is the same, which situation has the smallest angular acceleration? 

A. A

B. B

C. Both have the same

A B

F F

1. τ = Iα = F*r*sin(θ) 

2. α = τ/I
3. The masses are distributed identically, so both have the same moment of inertia, I.
4. However, the force F in case A is applied at a shorter distance r from the axis of 

rotation. So, the applied torque is smaller in case A.
5. From (2), smaller τ means smaller α. …So case A will have the lowest α.
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A T-shaped rotating post, with a mass M and radius r, has two point-like masses

of mass M  positioned a distance R from the rotation axis, at the end of the T, as 

pictured. A string that is wrapped around the base of the post runs through a pulley 

and is attached to a hanging mass m. M=1.0kg, R=0.5m, m=0.1kg, and r=0.1m.

What is the total moment of inertia of the post (cylinder) and its masses?  
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Ipoint = MR2

Icylinder = (1/2)Mr2

(A) 5x10-3 kg*m2 (B) 5x10-2 kg*m2

(C) 5x10-1 kg*m2 (D) 5.0 kg*m2

1. The moment of inertia for a mutli-component 

object is just the sum of the moment of inertia for 
the components:  Itotal = ΣIi

2. The multi-component object here is a cylinder 

plus two point masses.
3. I = Icyl + Ipoint,1 + Ipoint,2

4. I = (1/2)Mr2 + MR2 + MR2

5. I = (1/2)(1.0kg)(0.1m)2 + 2*(1.0kg)(0.5m)2

6. I = 0.005kg*m2 + 0.5 kg*m2 ≈ 0.5 kg*m2

side:

top:



A T-shaped rotating post, with a mass M and radius r, has two point-like masses

of mass M  positioned a distance R from the rotation axis, at the end of the T, as 

pictured. A string that is wrapped around the base of the post runs through a pulley 

and is attached to a hanging mass m. M=1.0kg, R=0.5m, m=0.1kg, and r=0.1m.

What is the angular acceleration of the T-shaped post?  
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Ipoint = MR2

Icylinder = (1/2)Mr2

(A) 10 rad/s2 (B) 0.1 rad/s2

(C) 2 rad/s2 (D) 0.2 rad/s2

side:

top:

1. τ = Iα = F*r*sin(θ) 

2. α = τ/I
3. We found the moment of inertia I = 0.5kg*m2.

4. The hanging mass exerts a torque on the post  

due to its weight pulling at the outer radius:
τ = F*r = mg*r.

5. τ = (0.1kg)*(9.8m/s2)(0.1m) = 0.098kg*m2/s2

6. α = τ/I = (0.098kg*m2/s2)/(0.5kg*m2) ≈ 0.2 rad/s2



A T-shaped rotating post, with a mass M and radius r, has two point-like masses

of mass M  positioned a distance R from the rotation axis, at the end of the T, as 

pictured. A string that is wrapped around the base of the post runs through a pulley 

and is attached to a hanging mass m. M=1.0kg, R=0.5m, m=0.1kg, and r=0.1m.

If the hanging weight is initially 1m above the ground, how long until it hits the ground?  

5

Ipoint = MR2

Icylinder = (1/2)Mr2

(A) 0.20s (B) 0.45s

(C) 2.2s (D) 9.8s

side:

top:

1. The angular acceleration of the post is directly

related to the linear acceleration of a tangential

point on the post’s surface.

2. Therefore, a point on the string (e.g. the weight 

attached to it) will accelerate away from the

post at this linear acceleration.

3. at = r*α = aweight

4. The weight’s motion is just 1D motion with this acceleration.

5. yweight = y0 + v0*yt + (1/2)ayt
2 = (1/2)ayt

2

6. 𝑡 = 2𝑦/𝑎𝑦 = 2(1𝑚)/(9.8𝑚

𝑠2
) = 0.45𝑠



Angular Momentum, L

•Recall:

 Sect 10.5

• Just as linear momentum (p) is conserved in the absence of an external force,

angular momentum (L) is conserved in the absence of an external torque.

•Linitial = Lfinal

• Iinitial*ωinitial = Ifinal*ωfinal

•Angular momentum, L, is a vector

whose direction corresponds to the spin-axis.



Angular Momentum Conservation

• Consequence 1:

A spinning object keeps pointing in the same direction

– Spinning objects require an external torque to change their direction

– So, a spinning object will tend to stay pointed the way it is originally pointed

hunter-ed.com



Angular Momentum Conservation

• Consequence 2:

An object whose mass distribution changes will change rotation rate

& vice versa

– E.g. Figure skater:

– E.g. Pulsar (ultra-dense,ultra-fast spinning remnant from a supernova)

https://www.youtube.com/watch?v=YzbTfC0tyxg

~mass of sun compressed to 
~size of city, spinning at
~60-60,000 RPM, 
Left over from a massive stellar 
explosion.



A teacher sits on a turntable holding two 2-kg masses in their hands.

Their arms are folded close to their body. They are rotating.

When the teacher stretches their arms out (with the masses in-hand), the 

angular velocity of the teacher will:

A. Increase

B. Decrease

C. Stay the Same
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1. Angular momentum is conserved.
2. So, L = I*ω = constant.

3. When the masses are moved outward, the mass distribution is less concentrated, and 
so the moment of inertia, I, increases.

4. To maintain L, ω must decrease.



Each Red dot represents a 1kg mass attached to a massless turntable.

The inner circle has a radius half that of the outer circle.

If the masses start in Configuration A and move to Configuration B while the 

turntable is spinning, how does the final moment of inertia of the turntable compare 

to the initial? (assume no external torque)

A. Greater

B. Smaller

C. Same

(A) (B)
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1. The masses are moved inward, the mass distribution is more concentrated, and so 
the moment of inertia, I, decreases.



Each Red dot represents a 1kg mass attached to a massless turntable.

The inner circle has a radius half that of the outer circle.

If the masses start in Configuration A and move to Configuration B while the 

turntable is spinning, how does the final angular momentum of the turntable compare 

to the initial? (assume no external torque)

A. Greater

B. Smaller

C. Same

(A) (B)
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1. Angular momentum is conserved in the absence of external torques.

2. There are no external torques, so Linitial = Lfinal



Each Red dot represents a 1kg mass attached to a massless turntable.

The inner circle has a radius half that of the outer circle.

If the masses start in Configuration A and move to Configuration B while the 

turntable is spinning, how does the final angular velocity of the turntable compare to 

the initial? (assume no external torque)

A. Greater

B. Smaller

C. Same

(A) (B)
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1. Angular momentum is conserved.
2. So, L = I*ω = constant.

3. When the masses are moved inward, the mass distribution is more concentrated, and 
so the moment of inertia, I, decreases.

4. To maintain L, ω must increase.



Suppose a rod of negligible mass has a 2.0kg object on each end.

The rod is 1.0m long and is spinning at an angular speed of 5.0rad/s.

What is the angular momentum?

1. Li = Ii ωi

2. Li = (MRi
2 +MRi

2)ωi

3. Li = 2(2.0kg)(0.50m)2(5.0rad/s) = 5kg*m2/s 
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(A) 2 kg*m2/s (B) 4 kg*m2/s

(C) 5 kg*m2/s (D) 10 kg*m2/s

r = 0.5m r = 0.5m

M = 2kg M = 2kg

ω = 5.0rad/s

Ipoint = MR2



Suppose a rod of negligible mass has a 2.0kg object on each end.

The rod is 1.0m long and is spinning at an angular speed of 5.0rad/s.

Little motors move the masses inward by 0.25m.

What is the new angular momentum?

1. There are no external torques, so angular momentum is conserved.

2. Lf = Li = 5kg*m2/s 
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(A) 2 kg*m2/s (B) 4 kg*m2/s

(C) 5 kg*m2/s (D) 10 kg*m2/s

r = 0.25m r = 0.25m

M = 2kg M = 2kg

ω = ?

Ipoint = MR2



Suppose a rod of negligible mass has a 2.0kg object on each end.

The rod is 1.0m long and is spinning at an angular speed of 5.0rad/s.

Little motors move the masses inward by 0.25m.

What is the new angular speed?
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(A) 2.5 rad/s (B) 5 rad/s

(C) 10 rad/s (D) 20 rad/s

r = 0.25m r = 0.25m

M = 2kg M = 2kg

ω = ?

1. Li = 5kg*m2/s = Ii ωi = Lf = If ωf

2. ωf = Li/If
3. If = 2*(Mr2) = 2*(2kg)(0.25m)2 = 0.25 kg*m2

4. ωf = Li/If = (5kg*m2/s)/(0.25 kg*m2) = 20 rad/s

Ipoint = MR2



Each Red dot represents a 1kg mass on a massless turntable.

The blue dot is 2kg.

The inner circle has a radius half that of the outer circle.

If the masses start in Configuration A and move to Configuration B while the 

turntable is spinning, how does the final angular speed of the turntable compare to 

the initial? (assume no external torque)
(A) (B)
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A. Greater

B. Smaller

C. Same

Ipoint = MR2

1. Li = Ii ωi = Lf = If ωf

2. Ii = 2*(Mred)(Rred,i)
2 + (Mblue)(Rblue,i)

2

3. Rblue,i = (1/2)*Rred,i and Mblue = 2*Mred, so …   Ii = (5/2)*(Mred)(Rred,i)
2.

4. If = 2*(Mred)(Rred,f)
2 + (Mblue)(Rblue,f)

2

5. Since Rred,f = (1/2)*Rblue,f and Mblue = 2*Mred …   If = (5/2)*(Mred)(Rblue,f)
2

6. Since Rblue,f = Rred,i … Ii = If
7. Since L = constant and I = constant, ω= constant.



Conservation of Angular Momentum for Elliptical Orbits

•Angular momentum is conserved in any system without an 

external torque.

•This includes objects in elliptical orbits, like planets

in the solar system.

• In an elliptical orbit, the orbiting objects moves further

from & closer to the more massive object it is orbiting

as it orbits.

•The furthest distance is called apogee; the closest

distance is called perigee.

•Since angular momentum is conserved, Lapogee = Lperigee.
• In both cases, L = Iω, and I = MsatelliteR

2, but Rapogee > Rperigee.

•This means ωperigee > ωapogee (since L is the same).

•Consequently, the satellite moves faster as it approaches

the object it slows down as it moves away.

•This means, “planets sweep out equal areas in equal times”,

which is known as Kepler’s 2nd law of planetary motion



Haley’s comet completes a full orbit of the sun every ~75 years.

At closest approach to the sun (perihelion), it is moving at 54m/s 0.57AU from the sun. 

How fast is Haley’s comet moving when it is farthest from the sun (aphelion) at 35AU? 

1AU = 1 “astronomical unit” = 1 Earth-Sun distance
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1. Lperihelion = Iperhelion ωperhelion = Laphelion = Iaphelion ωaphelion

2. 𝐿𝑝𝑒𝑟𝑖ℎ𝑒𝑙𝑖𝑜𝑛 = 𝑀𝐻𝑎𝑙𝑒𝑦𝑅𝑝𝑒𝑟𝑖ℎ𝑒𝑙𝑖𝑜𝑛
2  

𝑣𝑝𝑒𝑟𝑖ℎ𝑒𝑙𝑖𝑜𝑛
𝑅𝑝𝑒𝑟𝑖ℎ𝑒𝑙𝑖𝑜𝑛 = 𝑀𝐻𝑟𝑝𝑣𝑝

3. 𝐿𝑎𝑝ℎ𝑒𝑙𝑖𝑜𝑛 = 𝑀𝐻𝑟𝑎𝑣𝑎
4. 𝑀𝐻𝑟𝑎𝑣𝑎 = 𝑀𝐻𝑟𝑝𝑣𝑝 … so: 𝑟𝑎𝑣𝑎 = 𝑟𝑝𝑣𝑝

5. 𝑣𝑎 =
𝑟𝑝𝑣𝑝

𝑟𝑎
=

(0.57𝐴𝑈)(54  𝑚
𝑠)

35𝐴𝑈
= 0.88𝑚/𝑠 Ipoint = MR2

v=rω

(A) 0.02m/s (B) 0.88m/s

(C) 27m/s (D) 54m/s


