
ROTATIONAL MOTION
Chapter 10



ANGULAR ACCELERATION
• We have  discussed how we can measure the angular velocity of a rotating object as

• Likewise we can define angular acceleration as the rate at which angular velocity 
changes

• Both of these can be converted to their linear equivalents by multiplying by radius

•  
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Interstellar (2014)



ω = 68 rpm = 68 × 2 π /60s =7.1 rad/s

What is the angular velocity of the space station?

What is the angular acceleration of the spacecraft?

It looks like it takes about 20s for them to 
reach the same angular velocity, so 

α = Δω / Δt = 7.1 rad/s / 20s =  0.36 rad/s2



EXAMPLE 10.1

• Calculating the Angular Acceleration and Deceleration of a Bike Wheel Suppose 
a teenager puts her bicycle on its back and starts the rear wheel spinning from rest to a final angular 
velocity of 250 rpm in 5.00 s. (a) Calculate the angular acceleration in rad/s2  (b) If she now slams on 
the brakes, causing an angular acceleration of –87.3 rad/s2 , how long does it take the wheel to stop?

a) ω = 250rpm = 250 (2π/rotation)(1 minute / 60s) = 26.2 rad/s 
t = 5.00s

b) α = -87.3 rad/s2
α = ?

t = ?
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EXAMPLE 10.2
• Calculating the Angular Acceleration of a Motorcycle Wheel:  

A powerful motorcycle can accelerate from 0 to 30.0 m/s (about 108 km/h) 
in 4.20s.  What is the angular acceleration of its 0.320-m-radius wheels?

v  = 30.0 m/s
t  = 4.20s
r  = 0.32m
α  = ?
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CONSTANT ANGULAR ACCELERATION
• Our definitions of angular velocity and angular acceleration are exactly 

like are definitions of linear acceleration and velocity,

• Therefore the equations of constant angular acceleration look just like 
the ones for constant linear acceleration with the variables changed.
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EXAMPLE 10.3
• Calculating the Acceleration of a Fishing Reel:  A deep-sea fisherman hooks a big fish that swims away from 

the boat pulling the fishing line from his fishing reel. The whole system is initially at rest and the fishing line unwinds from 
the reel at a radius of 4.50 cm from its axis of rotation. The reel is given an angular acceleration of 110rad/s2 for 2.00s.  (a) 
What is the final angular velocity of the reel? (b) At what speed is fishing line leaving the reel after 2.00s elapses? (c) How 
many revolutions does the reel make? (d) How many meters of fishing line come off the reel in this time?

r = 4.5 cm = 0.045m
α = 110 rad/s2

t = 2.00s
ω = ?
v = ?
θ = ?
L = ?
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= (110rad/s2)(2s) = 220rad/s
<latexit sha1_base64="HbPJqZZSsBs3rmg8iL1AXqSc9rY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4KkkpfSyEgpsuK9gHdIaSSTNtaDIzJJlCGfobblwo4tafceffmGkrqOiBC4dz7uXee/xYcG0Q+nByW9s7u3v5/cLB4dHxSfH0rKejRFHWpZGI1MAnmgkesq7hRrBBrBiRvmB9f3ab+f05U5pH4b1ZxMyTZBLygFNirOTO4Q1U0I0km5BRsYTKCCGMMcwIrteQJc1mo4IbEGeWRQls0BkV391xRBPJQkMF0XqIUWy8lCjDqWDLgptoFhM6IxM2tDQkkmkvXd28hFdWGcMgUrZCA1fq94mUSK0X0redkpip/u1l4l/eMDFBw0t5GCeGhXS9KEgENBHMAoBjrhg1YmEJoYrbWyGdEkWosTEVbAhfn8L/Sa9SxrVy9a5aarU3ceTBBbgE1wCDOmiBNuiALqAgBg/gCTw7ifPovDiv69acs5k5Bz/gvH0CGrqRIQ==</latexit>v = r!

<latexit sha1_base64="2DgqCFlsnwFRW7OEpbvdGLQC0hg=">AAACCXicdVDLSgMxFM3UV62vqks3wSLUTZsMtY+FUHDTZQX7gLaUTJq2ocnMkGSEUrp146+4caGIW//AnX9jpq2gogcCh3PO5eYeLxRcG4Q+nMTa+sbmVnI7tbO7t3+QPjxq6iBSlDVoIALV9ohmgvusYbgRrB0qRqQnWMubXMV+65YpzQP/xkxD1pNk5PMhp8RYqZ+G8BKiHCpcSJh1XQQVGeT1uRUruQqCMq/76Yz1EcIYx0GES0VkSaVSdnEZ4tiyyIAV6v30e3cQ0Egy31BBtO5gFJrejCjDqWDzVDfSLCR0QkasY6lPJNO92eKSOTyzygAOA2Wfb+BC/T4xI1LrqfRsUhIz1r+9WPzL60RmWO7NuB9Ghvl0uWgYCWgCGNcCB1wxasTUEkIVt3+FdEwUocaWl7IlfF0K/ydNN4eLucJ1IVOtrepIghNwCrIAgxKoghqogwag4A48gCfw7Nw7j86L87qMJpzVzDH4AeftEwi0lYs=</latexit>

= 0.045m(220rad/s) = 9.90m/s



NEWTON’S 2ND LAW
• We have learned about angular acceleration and torque, which is an angular force, how do 

the two relate?

• Let’s consider a force acting on a point mass a distance r from a pivot point rotating it. Then

• so the relation between torque and angular acceleration is not just mass but something called 
the moment of inertia, which gets the symbol I.  Then we have

<latexit sha1_base64="RKLUZCUGl2yRI5mxNRQpgjpY3+M=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgqkxK6WMhFATpsoJ9QFvKnTRtQ5OZIcmIpfRX3LhQxK0/4s6/MdNWUNED93I4515yc/xIcG0878NJbWxube+kdzN7+weHR+5xtqXDWFHWpKEIVccHzQQPWNNwI1gnUgykL1jbn14lfvuOKc3D4NbMItaXMA74iFMwVhq42Wt8iSXYhqXqgYgmMHBzXt7zPEIITggplzxLqtVKgVQwSSyLHFqjMXDfe8OQxpIFhgrQuku8yPTnoAyngi0yvVizCOgUxqxraQCS6f58efsCn1tliEehshUYvFS/b8xBaj2Tvp2UYCb6t5eIf3nd2Iwq/TkPotiwgK4eGsUCmxAnQeAhV4waMbMEqOL2VkwnoIAaG1fGhvD1U/w/aRXypJQv3hRztfo6jjQ6RWfoAhFURjVURw3URBTdowf0hJ6dhfPovDivq9GUs945QT/gvH0C0qWTEw==</latexit>

F = ma = mr↵
<latexit sha1_base64="tSEGjOGuO3Q8ykdPYDD7t7eSvTk=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIrsqklD4WQkGQLivYB3TGcidN29DMgyQjlNqFv+LGhSJu/Q13/o2ZtoKKHriXwzn3kpvjRYIrbdsfVmpldW19I72Z2dre2d3L7h+0VBhLypo0FKHseKCY4AFraq4F60SSge8J1vbGF4nfvmVS8TC41pOIuT4MAz7gFLSRetkjR0OMz7G8NM2XNwUHRDSCXjZn523bJoTghJByyTakWq0USAWTxDLIoSUavey70w9p7LNAUwFKdYkdaXcKUnMq2CzjxIpFQMcwZF1DA/CZcqfz+2f41Ch9PAilqUDjufp9Ywq+UhPfM5M+6JH67SXiX1431oOKO+VBFGsW0MVDg1hgHeIkDNznklEtJoYAldzciukIJFBtIsuYEL5+iv8nrUKelPLFq2KuVl/GkUbH6ASdIYLKqIbqqIGaiKI79ICe0LN1bz1aL9brYjRlLXcO0Q9Yb58l95T1</latexit>

⌧ = rF = mr2↵

<latexit sha1_base64="Ww4Ab4fOyQ+nnQp27b75i4p2Cp0=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCpzAdQpaDEPASbxHMApkh1HQ6SZOehe4eIYZ8iRcPinj1U7z5N/YkEVT0QcHjvSqq6vmx4Eo7zoeV2djc2t7J7ub29g8O8/bRcUdFiaSsTSMRyZ4PigkesrbmWrBeLBkEvmBdf3qV+t07JhWPwls9i5kXwDjkI05BG2lg510NCb7E19gFEU9gYBecouM4hBCcElKtOIbU67USqWGSWgYFtEZrYL+7w4gmAQs1FaBUnzix9uYgNaeCLXJuolgMdApj1jc0hIApb748fIHPjTLEo0iaCjVeqt8n5hAoNQt80xmAnqjfXir+5fUTPap5cx7GiWYhXS0aJQLrCKcp4CGXjGoxMwSo5OZWTCcggWqTVc6E8PUp/p90SkVSKZZvyoVGcx1HFp2iM3SBCKqiBmqiFmojihL0gJ7Qs3VvPVov1uuqNWOtZ07QD1hvn5m7knQ=</latexit>

⌧ = I↵



MOMENT OF INERTIA

• The moment of inertia for more than one point would just be there 
sum

• for extended objects moments of inertia have been calculated for 
standard shapes.

<latexit sha1_base64="rFwpvu/2cuw8Vt/V0pfATR4iJpw=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzIppY+FUHBTdxXsA9pxyKRpG5rMDElGqEPxV9y4UMSt/+HOvzHTVlDRAxcO59zLvff4EWdKO86HlVlZXVvfyG7mtrZ3dvfs/YO2CmNJaIuEPJRdHyvKWUBbmmlOu5GkWPicdvzJRep3bqlULAyu9TSirsCjgA0ZwdpInn10Cc9hX8XCYzAt6bGbomfnnYLjOAghmBJUKTuG1GrVIqpClFoGebBE07Pf+4OQxIIGmnCsVA85kXYTLDUjnM5y/VjRCJMJHtGeoQEWVLnJ/PoZPDXKAA5DaSrQcK5+n0iwUGoqfNMpsB6r314q/uX1Yj2sugkLoljTgCwWDWMOdQjTKOCASUo0nxqCiWTmVkjGWGKiTWA5E8LXp/B/0i4WULlQuirl641lHFlwDE7AGUCgAuqgAZqgBQi4Aw/gCTxb99aj9WK9Lloz1nLmEPyA9fYJy0aUNg==</latexit>

I =
X

i

mir
2
i



The moment of inertia for any shape 
can be calculated using integration.  
The results for standard shapes can 

be found here or online.



EXAMPLE 10.7
• Calculating the Effect of Mass Distribution on a Merry-Go-Round: Consider the 

father pushing a playground merry-go-round in the Figure. He exerts a force of 250 N at the edge of 
the 50.0-kg merry-go-round, which has a 1.50 m radius. Calculate the angular acceleration produced 
(a) when no one is on the merry-go-round and (b) when an 18.0-kg child sits 1.25 m away from the 
center. Consider the merry-go-round itself to be a uniform disk with negligible retarding friction.

F = 250N
m = 50.0 kg
R = 1.5m
αa = ?
m = 18kg
r = 1.25m
αb = ?

<latexit sha1_base64="Ww4Ab4fOyQ+nnQp27b75i4p2Cp0=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCpzAdQpaDEPASbxHMApkh1HQ6SZOehe4eIYZ8iRcPinj1U7z5N/YkEVT0QcHjvSqq6vmx4Eo7zoeV2djc2t7J7ub29g8O8/bRcUdFiaSsTSMRyZ4PigkesrbmWrBeLBkEvmBdf3qV+t07JhWPwls9i5kXwDjkI05BG2lg510NCb7E19gFEU9gYBecouM4hBCcElKtOIbU67USqWGSWgYFtEZrYL+7w4gmAQs1FaBUnzix9uYgNaeCLXJuolgMdApj1jc0hIApb748fIHPjTLEo0iaCjVeqt8n5hAoNQt80xmAnqjfXir+5fUTPap5cx7GiWYhXS0aJQLrCKcp4CGXjGoxMwSo5OZWTCcggWqTVc6E8PUp/p90SkVSKZZvyoVGcx1HFp2iM3SBCKqiBmqiFmojihL0gJ7Qs3VvPVov1uuqNWOtZ07QD1hvn5m7knQ=</latexit>

⌧ = I↵
<latexit sha1_base64="0Hjht7z70Z7rHYdH187FOnm7BqM=">AAACBXicdVDLSgNBEJz1bXxFPephMAie4k4IeRwEwYveFEwiZEPonUySwdkHM71KCLl48Ve8eFDEq//gzb9xNomgogUNRVU33V1+rKRB1/1wZmbn5hcWl5YzK6tr6xvZza26iRLNRY1HKtJXPhihZChqKFGJq1gLCHwlGv71Seo3boQ2MgovcRCLVgC9UHYlB7RSO7vradnrI2gd3VIPVNwHekQ9hIQenrWzOTfvui5jjKaElUuuJdVqpcAqlKWWRY5Mcd7OvnudiCeBCJErMKbJ3BhbQ9AouRKjjJcYEQO/hp5oWhpCIExrOP5iRPet0qHdSNsKkY7V7xNDCIwZBL7tDAD75reXin95zQS7ldZQhnGCIuSTRd1EUYxoGgntSC04qoElwLW0t1LeBw0cbXAZG8LXp/R/Ui/kWSlfvCjmjk+ncSyRHbJHDggjZXJMTsk5qRFO7sgDeSLPzr3z6Lw4r5PWGWc6s01+wHn7BG6wl+o=</latexit>

! ↵ = ⌧/I
<latexit sha1_base64="3vWtFIAlqQicdW/ELZipuy+jyqw=">AAAB/3icdVBNSwMxEM36WevXquDFS7AInspGSj8OQkGQHlWsFbpLyaZpG8xml2RWKGsP/hUvHhTx6t/w5r8xqxVU9MHA470ZZuaFiRQGPO/NmZmdm19YLCwVl1dW19bdjc0LE6ea8TaLZawvQ2q4FIq3QYDkl4nmNAol74RXR7nfuebaiFidwzjhQUSHSgwEo2ClnruNfaApPsRnx74RKvNhxIFOem7JK3ueRwjBOSG1qmdJo1E/IHVMcsuihKY46bmvfj9macQVMEmN6RIvgSCjGgSTfFL0U8MTyq7okHctVTTiJsg+7p/gPav08SDWthTgD/X7REYjY8ZRaDsjCiPz28vFv7xuCoN6kAmVpMAV+1w0SCWGGOdh4L7QnIEcW0KZFvZWzEZUUwY2sqIN4etT/D+5OCiTarlyWik1W9M4CmgH7aJ9RFANNVELnaA2YugG3aEH9OjcOvfOk/P82TrjTGe20A84L+9PSZW3</latexit>

⌧ = RF sin ✓

<latexit sha1_base64="YDEXJVmM5lCGLyYLe+tI56EGRGg=">AAACBHicdVC7SgNBFJ2Nrxhfq5ZpBoNgFXZCyKMQAjaxEKKYByRrmJ3MJkNmH8zMCmHZwsZfsbFQxNaPsPNvnE0iqOiBC4dz7uXee5yQM6ks68PIrKyurW9kN3Nb2zu7e+b+QUcGkSC0TQIeiJ6DJeXMp23FFKe9UFDsOZx2nelZ6ndvqZAs8K/VLKS2h8c+cxnBSktDM38+jEdMThN4CgeuwCRGSVxK4MXVTWloFqyiZVkIIZgSVK1YmtTrtRKqQZRaGgWwRGtovg9GAYk86ivCsZR9ZIXKjrFQjHCa5AaRpCEmUzymfU197FFpx/MnEnislRF0A6HLV3Cufp+IsSflzHN0p4fVRP72UvEvrx8pt2bHzA8jRX2yWORGHKoAponAEROUKD7TBBPB9K2QTLCOQunccjqEr0/h/6RTKqJKsXxZLjSayziyIA+OwAlAoAoaoAlaoA0IuAMP4Ak8G/fGo/FivC5aM8Zy5hD8gPH2CXWGl2A=</latexit>

Idisk =
1

2
MR2

<latexit sha1_base64="yibMwFqi570nuC7qCKDgZCIzqMk="></latexit>

↵a =
RF

1
2MR2

<latexit sha1_base64="u++VbHThW8vpbRjQ7PVfQq6MkMQ=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgqkxK6WMhFATpRqhiH9AOJZNm2tBMZkgyYhn6K25cKOLWH3Hn35hpK6jogcDhnHO5N8eLOFPacT6szNr6xuZWdju3s7u3f2Af5jsqjCWhbRLyUPY8rChngrY105z2Iklx4HHa9aYXqd+9o1KxUNzqWUTdAI8F8xnB2khDOw/PYVK6hIPQpCC8uoHzoV1wio7jIIRgSlC14hhSr9dKqAZRahkUwAqtof0+GIUkDqjQhGOl+siJtJtgqRnhdJ4bxIpGmEzxmPYNFTigyk0Wt8/hqVFG0A+leULDhfp9IsGBUrPAM8kA64n67aXiX14/1n7NTZiIYk0FWS7yYw51CNMi4IhJSjSfGYKJZOZWSCZYYqJNXTlTwtdP4f+kUyqiSrF8XS40mqs6suAYnIAzgEAVNEATtEAbEHAPHsATeLbm1qP1Yr0uoxlrNXMEfsB6+wRiq5LI</latexit>

=
2F

MR
<latexit sha1_base64="dES4lJqhgEFJ7ShIdY2SlnCeaaE="></latexit>

=
2(250N)

(50kg)(1.5m)
= 6.67rad/s2

<latexit sha1_base64="WhPwaXz+18M+9c549gTYEMGMNmc=">AAACGHicdVDLSgMxFM3Ud31VXbq5WISKUCeDtHUhCIK4EVSsFTptyaSZNph5kGSEMsxnuPFX3LhQxK07/8aMVlDRA4HDOedyc48XC660bb9ZhYnJqemZ2bni/MLi0nJpZfVSRYmkrEkjEckrjygmeMiammvBrmLJSOAJ1vKuD3O/dcOk4lF4oUcx6wRkEHKfU6KN1CvtuETEQ9LzYB/S8yNwI5OGiutLQlOcpU4GJ+ddB7YhkF 1nK+uVynbVtm2MMeQE12u2IXt7DQc3AOeWQRmNcdorvbr9iCYBCzUVRKk2tmPdSYnUnAqWFd1EsZjQazJgbUNDEjDVST8Oy2DTKH3wI2leqOFD/T6RkkCpUeCZZED0UP32cvEvr51ov9FJeRgnmoX0c5GfCNAR5C1Bn0tGtRgZQqjk5q9Ah8R0ok2XRVPC16XwP7l0qrhW3T3bLR8cj+uYRetoA1UQRnV0gI7RKWoiim7RPXpET9ad9WA9Wy+f0YI1nllDP2C9vgNFaJ4T</latexit>

↵b =
RF

( 12MR2 +mr2)

<latexit sha1_base64="D/mV17ZpBdPDnfapZ3fyKcYQ+IE="></latexit>

=
(1.5m)(250N)

( 12 (50kg)(1.5m)2 + (18kg)(1.25m)2)
= 4.44rad/s2



ROTATIONAL ENERGY

• A rotating object also has rotational kinetic energy, given by

• An object can have both rotational and linear kinetic energy at the 
same time.

<latexit sha1_base64="ED1CKsaPIryuLY7Cql6HpSGJeWI=">AAACBHicdVDLSgMxFM3UV62vUZfdBIvgqkxK6WMhFESouKlgH9DWIZNm2tDMgyQjlGEWbvwVNy4UcetHuPNvzLQVVPTAhcM593LvPU7ImVSW9WFkVlbX1jeym7mt7Z3dPXP/oCODSBDaJgEPRM/BknLm07ZiitNeKCj2HE67zvQs9bu3VEgW+NdqFtKhh8c+cxnBSku2mb88twU8hQNXYBKjJC4lF4PAo2N8U7LNglW0LAshBFOCqhVLk3q9VkI1iFJLowCWaNnm+2AUkMijviIcS9lHVqiGMRaKEU6T3CCSNMRkise0r6mPPSqH8fyJBB5rZQTdQOjyFZyr3ydi7Ek58xzd6WE1kb+9VPzL60fKrQ1j5oeRoj5ZLHIjDlUA00TgiAlKFJ9pgolg+lZIJljHoXRuOR3C16fwf9IpFVGlWL4qFxrNZRxZkAdH4AQgUAUN0AQt0AYE3IEH8ASejXvj0XgxXhetGWM5cwh+wHj7BHN1l2U=</latexit>

KEr =
1

2
I!2



The Princess Bride (1987)



θ
v = R!

R= 0.5m h= 1oom

Let’s assume no friction, then energy is conserved.

mgh =
1

2
mv2 +

1

2
I!2

m = 80kg

=
1

2
mv2 +

1

2
(
1

2
mR2)(v/R)2

Let’s say people are roughly a cylinder with 

I =
1

2
mR2

=
3

4
mv2

=> v2 =
4

3
gh => v =

r
4

3
gh =

r
4

3
(9.8m/s2)(100m) = 36m/s

Clearly this doesn’t happen. 
There are nonconservative forces so that at the end they have zero velocity. 



EXAMPLE 10.9
• Calculating Helicopter Energies:  A typical small rescue helicopter, has four blades, each is 4.00 m long and 

has a mass of 50.0 kg.  The blades can be approximated as thin rods that rotate about one end of an axis 
perpendicular to their length. The helicopter has a total loaded mass of 1000 kg. (a) Calculate the rotational kinetic 
energy in the blades when they rotate at 300 rpm. (b) Calculate the translational kinetic energy of the helicopter 
when it flies at 20.0 m/s, and compare it with the rotational energy in the blades. (c) To what height could the 
helicopter be raised if all of the rotational kinetic energy could be used to lift it?

L = 4.00m
m = 50.0kg
Mh = 1000kg

ω = 300 rpm =300 (2π)(1min/60s) = 31.4 rad/s
KEb= ?
KEt= ?
h = ?

<latexit sha1_base64="AHzDELmZP7gl7/9lV6ceZ7jRsKs="></latexit>

KEr =
1

2
I!2

<latexit sha1_base64="+g+IDSTNV6MWFClleW09dE2DRpE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvgqkxq6WMhFNxUcFHBPqCtJZNm2tBkZkgyQhkG/BU3LhRx63e482/MtBVU9MCFwzn3cu89bsiZ0o7zYS0tr6yurWc2sptb2zu79t5+SwWRJLRJAh7IjosV5cynTc00p51QUixcTtvu5CL123dUKhb4N3oa0r7AI595jGBtpIF9eAnPYRH2PIlJjJL4LBFXt4WBnXPyjuMghGBKULnkGFKtVgqoAlFqGeTAAo2B/d4bBiQS1NeEY6W6yAl1P8ZSM8Jpku1FioaYTPCIdg31saCqH8/OT+CJUYbQC6QpX8OZ+n0ixkKpqXBNp8B6rH57qfiX1420V+nHzA8jTX0yX+RFHOoAplnAIZOUaD41BBPJzK2QjLFJQpvEsiaEr0/h/6RVyKNSvnhdzNXqizgy4Agcg1OAQBnUQB00QBMQEIMH8ASerXvr0XqxXuetS9Zi5gD8gPX2CTxhlHE=</latexit>

I = 4
1

3
mL2

<latexit sha1_base64="QjRqYHzcWI0HSbJsmvX8NkKORUY="></latexit>

KEr =
2

3
mL2!2

<latexit sha1_base64="vEyebgJTlmxBFyONuTiKlHm9nPs="></latexit>

=
2

3
(50kg)(4m)2(31.4rad/s)2 = 5.26⇥ 105J

<latexit sha1_base64="/d3SIBFMn6llR1zxTu3frolbtgw="></latexit>

=
1

2
(1000kg)(20.0m/s)2 = 2.00⇥ 105J

<latexit sha1_base64="yym7w0/1swrX3LDlgEKm/GAP8Vs="></latexit>

KEt

KEr
=

2

5.26
= 0.380

<latexit sha1_base64="jT33jtiZW7YJcY6hBJG4EeXtAQs=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KpNS+lgIBREKIlSwD2iHIZNm2tBMZkwyhTL0O9y4UMStH+POvzHTVlDRAxcO59zLvfd4EWdK2/aHlVlb39jcym7ndnb39g/yh0cdFcaS0DYJeSh7HlaUM0HbmmlOe5GkOPA47XqTy9TvTqlULBR3ehZRJ8AjwXxGsDaSc+OO4WgML+D1lSvdfMEu2raNEIIpQdWKbUi9XiuhGkSpZVAAK7Tc/PtgGJI4oEITjpXqIzvSToKlZoTTeW4QKxphMsEj2jdU4IAqJ1kcPYdnRhlCP5SmhIYL9ftEggOlZoFnOgOsx+q3l4p/ef1Y+zUnYSKKNRVkuciPOdQhTBOAQyYp0XxmCCaSmVshGWOJiTY55UwIX5/C/0mnVESVYvm2XGg0V3FkwQk4BecAgSpogCZogTYg4B48gCfwbE2tR+vFel22ZqzVzDH4AevtEzXnkSI=</latexit>

Mhgh = KEr

<latexit sha1_base64="U6ueWJJQyzKJ3/NptcynW2i5xD8=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCqzIZSh8LoSBCQYQKthXaccikmTY08yDJFMpQ3Pgrblwo4tavcOffmGkrqOiBC4dz7uXee9yIM6lM88PILC2vrK5l13Mbm1vbO/ndvbYMY0Foi4Q8FDculpSzgLYUU5zeRIJi3+W0447OUr8zpkKyMLhWk4jaPh4EzGMEKy05+YOLc0fBU9jzBCYJmibW9NIZwvGt5eQLZtE0TYQQTAmqlE1NarWqhaoQpZZGASzQdPLvvX5IYp8GinAsZReZkbITLBQjnE5zvVjSCJMRHtCupgH2qbST2QtTeKyVPvRCoStQcKZ+n0iwL+XEd3Wnj9VQ/vZS8S+vGyuvaicsiGJFAzJf5MUcqhCmecA+E5QoPtEEE8H0rZAMsQ5D6dRyOoSvT+H/pG0VUblYuioV6o1FHFlwCI7ACUCgAuqgAZqgBQi4Aw/gCTwb98aj8WK8zlszxmJmH/yA8fYJj0KWTw==</latexit>

KEt =
1

2
Mhv

2
<latexit sha1_base64="gt3ViaSZZmnSzqY6wEZtHXtpFXQ="></latexit>

h =
KEr

Mhg
=

5.26⇥ 105J

1000kg(9.8m/s2)
= 53.7m



ANGULAR MOMENTUM
• Finally we have angular momentum, the rotational equivalent of linear 

momentum.   Angular momentum,  get’s the letter L. 

• Angular momentum is conserved if there are no outside torques and 
it changes if there is a net torque. 

<latexit sha1_base64="bn3eYvbwY4tZ5eGO4spEGkRVAzk=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJSmlj4VQcFPBRQX7gM5QMmmmDU1mhiQjlKG/4caFIm79GXf+jZm2gooeuHA4517uvcePBdcGoQ9nbX1jc2s7t5Pf3ds/OCwcHXd1lCjKOjQSker7RDPBQ9Yx3AjWjxUj0hes50+vMr93z5TmUXhnZjHzJBmHPOCUGCu5N/ASXkM3kmxMhoUiKiGEMMYwI7hWRZY0GvUyrkOcWRZFsEJ7WHh3RxFNJAsNFUTrAUax8VKiDKeCzfNuollM6JSM2cDSkEimvXRx8xyeW2UEg0jZCg1cqN8nUiK1nknfdkpiJvq3l4l/eYPEBHUv5WGcGBbS5aIgEdBEMAsAjrhi1IiZJYQqbm+FdEIUocbGlLchfH0K/yfdcglXS5XbSrHZWsWRA6fgDFwADGqgCVqgDTqAghg8gCfw7CTOo/PivC5b15zVzAn4AeftE5nykM4=</latexit>

L = I!

<latexit sha1_base64="8GfqLrBuJrV4v64iKteO+Ku/kAw=">AAACCXicdVDLSgMxFM34rPU16tJNsAiuyqSUPhZCQRdduKhgH9ApJZOmbWjmQXJHKEO3bvwVNy4UcesfuPNvzLQVVPRA4OScc0nu8SIpNDjOh7Wyura+sZnZym7v7O7t2weHLR3GivEmC2WoOh7VXIqAN0GA5J1Icep7kre9yUXqt2+50iIMbmAa8Z5PR4EYCkbBSH0bu0BjfI4T95JLoPgKu6HJ4+UVZn075+QdxyGE4JSQcskxpFqtFEgFk9QyyKElGn373R2ELPZ5AExSrbvEiaCXUAWCST7LurHmEWUTOuJdQwPqc91L5pvM8KlRBngYKnMCwHP1+0RCfa2nvmeSPoWx/u2l4l9eN4ZhpZeIIIqBB2zx0DCWGEKc1oIHQnEGcmoIZUqYv2I2pooyMOVlTQlfm+L/SauQJ6V88bqYq9WXdWTQMTpBZ4igMqqhOmqgJmLoDj2gJ/Rs3VuP1ov1uoiuWMuZI/QD1tsnyZCZLw==</latexit>

⌧ =
�L

�t



EXAMPLE 10.12
• Calculating the Torque Putting Angular Momentum Into a Rotating Food Tray:  The Figure shows a 

rotating food tray, often called a lazy Susan, being turned by a person in quest of sustenance. Suppose the person exerts a 
2.50 N force perpendicular to the lazy Susan’s 0.260-m radius for 0.150 s. (a) What is the final angular momentum of the 
lazy Susan if it starts from rest, assuming friction is negligible? (b) What is the final angular velocity of the lazy Susan, given 
that its mass is 4.00 kg and assuming its moment of inertia is that of a disk?

F = 2.5N
r = 0.26m
t = 0.15s

m = 4.00kg
L = ?

ω = ?

<latexit sha1_base64="5wnPDcHglcm/xj3cgF9l8tf1Zt0="></latexit>

⌧net =
�L

�t
<latexit sha1_base64="f9EfgNiNL/DsFToO9BMbQ0fmp+I=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4Cjsh5HEQAl5y8BDBPCAJYXYySYbMzi4zvYGw5E+8eFDEq3/izb9xNomgogUNRVU33V1+JIUBz/twNja3tnd2M3vZ/YPDo2P35LRlwlgz3mShDHXHp4ZLoXgTBEjeiTSngS9525/epH57xrURobqHecT7AR0rMRKMgpUGrnuLr3EPaDxIFIcFhoGb8/Ke5xFCcEpIueRZUq1WCqSCSWpZ5NAajYH73huGLA64AiapMV3iRdBPqAbBJF9ke7HhEWVTOuZdSxUNuOkny8sX+NIqQzwKtS0FeKl+n0hoYMw88G1nQGFifnup+JfXjWFU6SdCRTFwxVaLRrHEEOI0BjwUmjOQc0so08LeitmEasrAhpW1IXx9iv8nrUKelPLFu2KuVl/HkUHn6AJdIYLKqIbqqIGaiKEZekBP6NlJnEfnxXldtW4465kz9APO2yfSu5Mx</latexit>

L = ⌧nett

<latexit sha1_base64="yB9fAFBjgAiKPjaryiuthgO6yCU=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8hZ0Q8jgIAUFy8BDBPCBZwuxkkgyZnV1mZoWw5CO8eFDEq9/jzb9xNomgogUNRVU33V1+JLg2rvvhrK1vbG5tZ3ayu3v7B4e5o+O2DmNFWYuGIlRdn2gmuGQtw41g3UgxEviCdfzpVep37pnSPJR3ZhYxLyBjyUecEmOlzg26ROraDHJ5t+C6LsYYpQRXyq4ltVq1iKsIp5ZFHlZoDnLv/WFI44BJQwXRuofdyHgJUYZTwebZfqxZROiUjFnPUkkCpr1kce4cnVtliEahsiUNWqjfJxISaD0LfNsZEDPRv71U/MvrxWZU9RIuo9gwSZeLRrFAJkTp72jIFaNGzCwhVHF7K6ITogg1NqGsDeHrU/Q/aRcLuFwo3Zby9cYqjgycwhlcAIYK1KEBTWgBhSk8wBM8O5Hz6Lw4r8vWNWc1cwI/4Lx9Alv3jvo=</latexit>

L = rF t
<latexit sha1_base64="trlpgkzC7QGts+wRJPFAfT4MViY="></latexit>

= (0.26m)(2.5N)(0.15s) = 9.75⇥ 10�2kgm2/s

<latexit sha1_base64="0sOKR7JlTadgg7mpL4ymNcIs0z0=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KpNS+lgIBTcVXFSwttAOJZNm2tBkMiaZQhn6HW5cKOLWj3Hn35hpK6jogQuHc+7l3nv8iDNtXPfDyaytb2xuZbdzO7t7+wf5w6M7LWNFaJtILlXXx5pyFtK2YYbTbqQoFj6nHX9ymfqdKVWayfDWzCLqCTwKWcAINlbyruEFvIJ9KegIw0G+4BZd10UIwZSgasW1pF6vlVANotSyKIAVWoP8e38oSSxoaAjHWveQGxkvwcowwuk81481jTCZ4BHtWRpiQbWXLI6ewzOrDGEgla3QwIX6fSLBQuuZ8G2nwGasf3up+JfXi01Q8xIWRrGhIVkuCmIOjYRpAnDIFCWGzyzBRDF7KyRjrDAxNqecDeHrU/g/uSsVUaVYvikXGs1VHFlwAk7BOUCgChqgCVqgDQi4Bw/gCTw7U+fReXFel60ZZzVzDH7AefsE8wOQ+A==</latexit>

L = I!
<latexit sha1_base64="7avID+T9+zsT2kfmfzRlJtdSt7s=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqzIppY+FUHBTwUUF+4DOUDJp2oZmJkOSEepQ/BU3LhRx63+482/MtBVU9EDgcM653JvjR5wp7TgfVmZldW19I7uZ29re2d2z9w/aSsSS0BYRXMiujxXlLKQtzTSn3UhSHPicdvzJRep3bqlUTIQ3ehpRL8CjkA0ZwdpIffsIuiKgIwzPYXLlChOFl7O+nXcKjuMghGBKUKXsGFKrVYuoClFqGeTBEs2+/e4OBIkDGmrCsVI95ETaS7DUjHA6y7mxohEmEzyiPUNDHFDlJfPrZ/DUKAM4FNK8UMO5+n0iwYFS08A3yQDrsfrtpeJfXi/Ww6qXsDCKNQ3JYtEw5lALmFYBB0xSovnUEEwkM7dCMsYSE20Ky5kSvn4K/yftYgGVC6XrUr7eWNaRBcfgBJwBBCqgDhqgCVqAgDvwAJ7As3VvPVov1usimrGWM4fgB6y3Tz19lH8=</latexit>

! =
L

I

<latexit sha1_base64="uwMBHhlDDmJBW1a9yPotDcoA+Co=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBFclUwofSyEgpu6q2Af0MYymU7aoZMHMxMhhPgrblwo4tYPceffOGkrqOiBC4dz7uXee9yIM6ks68NYW9/Y3Nou7BR39/YPDs2j454MY0Fol4Q8FAMXS8pZQLuKKU4HkaDYdzntu/PL3O/fUSFZGNyoJKKOj6cB8xjBSktjs3QFL+DIE5ikKEvtzBe39tgsWxXLshBCMCeoXrM0aTYbNmpAlFsaZbBCZ2y+jyYhiX0aKMKxlENkRcpJsVCMcJoVR7GkESZzPKVDTQPsU+mki+MzeKaVCfRCoStQcKF+n0ixL2Xiu7rTx2omf3u5+Jc3jJXXcFIWRLGiAVku8mIOVQjzJOCECUoUTzTBRDB9KyQzrJNQOq+iDuHrU/g/6dkVVKtUr6vlVnsVRwGcgFNwDhCogxZogw7oAgIS8ACewLNxbzwaL8brsnXNWM2UwA8Yb5+kYZQu</latexit>

I =
1

2
mr2

<latexit sha1_base64="hCfs46lw83Oqx2ets9qgH0/oGMY=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEV2VSSh8LoeCmCxcV7APaWjJp2oYmkyHJCGUobvwVNy4UcetXuPNvzLQVVPRA4HDOudzc44ecaeN5H05qZXVtfSO9mdna3tndc/cPmlpGitAGkVyqto815SygDcMMp+1QUSx8Tlv+5CLxW7dUaSaDazMNaU/gUcCGjGBjpb571JWCjjA8hzHMX8KutGEo1E1+1nezXs7zPIQQTAgqFT1LKpVyHpUhSiyLLFii3nffuwNJIkEDQzjWuoO80PRirAwjnM4y3UjTEJMJHtGOpQEWVPfi+QkzeGqVARxKZV9g4Fz9PhFjofVU+DYpsBnr314i/uV1IjMs92IWhJGhAVksGkYcGgmTPuCAKUoMn1qCiWL2r5CMscLE2NYytoSvS+H/pJnPoWKucFXIVmvLOtLgGJyAM4BACVRBDdRBAxBwBx7AE3h27p1H58V5XURTznLmEPyA8/YJVGqWKQ==</latexit>

! =
2L

mr2

<latexit sha1_base64="qxeZXJKvMxVvGVaK6PvjPBH4crY="></latexit>

=
2(9.75⇥ 10�2)

(4kg)(0.26m)2
= 0.721rad/s



EXAMPLE 10.14
• Calculating the Angular Momentum of a Spinning Skater:  Suppose an ice skater, such as the 

one in the Figure, is spinning at 0.800 rev/s with her arms extended. She has a moment of inertia of  2.34kg⋅m2 
with her arms extended and of  0.363kg⋅m2 with her arms close to her body. (These moments of inertia are 
based on reasonable assumptions about a 60.0-kg skater.) (a) What is her angular velocity in revolutions per 
second after she pulls in her arms? (b) What is her rotational kinetic energy before and after she does this?

ω = 0.8 rev/s 
I = 2.34 kgm2 

I’ = 0.363 kgm2 
ω’ = ? rev/s 
KE = ? 
KE’ = ? 

<latexit sha1_base64="Ca86YN30ylFaQUU8oN8BYlJfC64=">AAAB7XicdVDLSgMxFM34rPVVdekmWERXJSmlj4VQcNNFFxXsA9qhZNJMG5uZDElGKEP/wY0LRdz6P+78GzNtBRU9cOFwzr3ce48XCa4NQh/O2vrG5tZ2Zie7u7d/cJg7Ou5oGSvK2lQKqXoe0UzwkLUNN4L1IsVI4AnW9abXqd+9Z0pzGd6aWcTcgIxD7nNKjJU6TXgFmxfDXB4VEEIYY5gSXCkjS2q1ahFXIU4tizxYoTXMvQ9GksYBCw0VROs+RpFxE6IMp4LNs4NYs4jQKRmzvqUhCZh2k8W1c3hulRH0pbIVGrhQv08kJNB6Fni2MyBmon97qfiX14+NX3UTHkaxYSFdLvJjAY2E6etwxBWjRswsIVRxeyukE6IINTagrA3h61P4P+kUC7hcKN2U8vXGKo4MOAVn4BJgUAF10AAt0AYU3IEH8ASeHek8Oi/O67J1zVnNnIAfcN4+ARzvjjc=</latexit>

L = L0 <latexit sha1_base64="yCq9Mau+Z4PXTNxAejUqxVxDLQY=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EidVUmpfSyEApu2l0FawvtUDJp2oZmMkOSEYahvoobF4q49UHc+TZm2goqeiDw8f/ncE5+L+RMacf5sDIbm1vbO9nd3N7+weGRfXxyq4JIEtolAQ9k38OKciZoVzPNaT+UFPsepz1vfpX6vTsqFQvEjY5D6vp4KtiEEayNNLLz7WHg0ymGl7BdXGFxZBeckuM4CCGYAqpVHQONRr2M6hCllqkCWFdnZL8PxwGJfCo04VipAXJC7SZYakY4XeSGkaIhJnM8pQODAvtUucny+AU8N8oYTgJpntBwqX6fSLCvVOx7ptPHeqZ+e6n4lzeI9KTuJkyEkaaCrBZNIg51ANMk4JhJSjSPDWAimbkVkhmWmGiTV86E8PVT+D/clkuoWqpcVwrN1jqOLDgFZ+ACIFADTdACHdAFBMTgATyBZ+veerRerNdVa8Zaz+TBj7LePgEf05PV</latexit>

I! = I 0!0

<latexit sha1_base64="6wrplFGOq6yjZ/B5j0S57Gv/bZ0=">AAACBXicdVDLSgMxFM3UV62vUZe6CBapqzIppY+FUHDT7irYB3RKyaRpG5qZDElGKEM3bvwVNy4Uces/uPNvzLQVVPRA4HDOudzc44WcKe04H1ZqbX1jcyu9ndnZ3ds/sA+P2kpEktAWEVzIrocV5SygLc00p91QUux7nHa86VXid26pVEwEN3oW0r6PxwEbMYK1kQb2qSt8OsY5eAnjBnSFycJGbr5UB3bWyTuOgxCCCUHlkmNItVopoApEiWWQBSs0B/a7OxQk8mmgCcdK9ZAT6n6MpWaE03nGjRQNMZniMe0ZGmCfqn68uGIOz40yhCMhzQs0XKjfJ2LsKzXzPZP0sZ6o314i/uX1Ij2q9GMWhJGmAVkuGkUcagGTSuCQSUo0nxmCiWTmr5BMsMREm+IypoSvS+H/pF3Io1K+eF3M1uqrOtLgBJyBC4BAGdRAHTRBCxBwBx7AE3i27q1H68V6XUZT1mrmGPyA9fYJt76Xfw==</latexit>

!0 =
I

I 0
!

<latexit sha1_base64="PJuzPRFUx1w68/0z9DZ2/DhUtE4="></latexit>

=
2.34

0.363
0.8 = 5.16rev/s

<latexit sha1_base64="YNsleVtqHl1vYgAAk46SuhPYX4Y=">AAACAnicdVDLSgMxFM34rPU16krcBIvgqkxK6WMhFESouKlgH9AZSibNtKGZB0lGKMPgxl9x40IRt36FO//GTFtBRQ9cOJxzL/fe40acSWVZH8bS8srq2npuI7+5tb2za+7td2QYC0LbJOSh6LlYUs4C2lZMcdqLBMW+y2nXnZxnfveWCsnC4EZNI+r4eBQwjxGstDQwD68u4Bm0PYFJgtKklMJLaIc+HeGBWbCKlmUhhGBGUL ViaVKv10qoBlFmaRTAAq2B+W4PQxL7NFCEYyn7yIqUk2ChGOE0zduxpBEmEzyifU0D7FPpJLMXUniilSH0QqErUHCmfp9IsC/l1Hd1p4/VWP72MvEvrx8rr+YkLIhiRQMyX+TFHKoQZnnAIROUKD7VBBPB9K2QjLGOQ+nU8jqEr0/h/6RTKqJKsXxdLjSaizhy4Agcg1OAQBU0QBO0QBsQcAcewBN4Nu6NR+PFeJ23LhmLmQPwA8bbJ1r0ljA=</latexit>

KE =
1

2
I!

<latexit sha1_base64="3cXvTCy71gsJmDxcutGy6a0Xmq0="></latexit>

KE0 =
1

2
I 0!0

<latexit sha1_base64="YDistc/igvd7BONd/lpqDFd8tYw="></latexit>

=
1

2
(2.34)(0.8⇥ 2⇡) = 29.6J

<latexit sha1_base64="V7QyNKFcZNNAbCnK/WxQ8+1zL+Y="></latexit>

=
1

2
(0.363)(5.16⇥ 2⇡) = 191J



HOME WORK

• Chap 10 - 6,16, 26, 28, 39, 45


