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Gravitational potential: 𝑉𝑉 = 𝑚𝑚𝑚𝑚ℎ𝐶𝐶 (must be C)
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Work

Units: 𝑊𝑊 = 𝐸𝐸 = 𝐽𝐽

Which is not a unit of power?

A. 𝑵𝑵𝑵𝑵 𝒔𝒔−𝟏𝟏 B. 𝑱𝑱𝒔𝒔−𝟏𝟏 C. 𝑱𝑱𝒎𝒎−𝟏𝟏 D. 𝒌𝒌𝒌𝒌𝒎𝒎𝟐𝟐𝒔𝒔−𝟑𝟑

Work-energy principle: 𝑊𝑊 = ∆𝐸𝐸 = 𝐸𝐸𝑓𝑓 − 𝐸𝐸𝑖𝑖

Work done by force 𝐹⃗𝐹 :

𝑊𝑊 = �
𝑟𝑟𝑖𝑖

𝑟𝑟𝑓𝑓
𝐹⃗𝐹 � 𝑑𝑑𝑟𝑟 = �

𝑡𝑡𝑖𝑖

𝑡𝑡𝑓𝑓
𝐹⃗𝐹 � 𝑣⃗𝑣𝑑𝑑𝑡𝑡



Example: Constant Force 𝐹⃗𝐹

30◦

𝑭𝑭
= 𝟑𝟑 ̂𝚥𝚥𝑵𝑵

̂𝚥𝚥

̂𝚤𝚤

final position

initial 
position fixed slot

𝑊𝑊 = �
𝑟𝑟𝑖𝑖

𝑟𝑟𝑓𝑓
𝐹⃗𝐹 � 𝑑𝑑𝑟𝑟 = �

𝑡𝑡𝑖𝑖

𝑡𝑡𝑓𝑓
𝐹⃗𝐹 � 𝑣⃗𝑣𝑑𝑑𝑡𝑡

Work done by 𝑭𝑭

A. 𝟏𝟏𝟏𝟏 𝑱𝑱
B. 𝟔𝟔 𝐬𝐬𝐬𝐬𝐬𝐬 30◦ 𝑱𝑱
C. 𝟔𝟔 𝑱𝑱
D. −𝟏𝟏𝟏𝟏 𝑱𝑱
E. 𝟔𝟔 𝟑𝟑 𝑱𝑱

𝑾𝑾 =



Constant Force

30◦

𝑭𝑭
= 𝟑𝟑 ̂𝚥𝚥𝑵𝑵

̂𝚥𝚥

̂𝚤𝚤

𝑊𝑊 = �
𝑟𝑟𝑖𝑖

𝑟𝑟𝑓𝑓
𝐹⃗𝐹 � 𝑑𝑑𝑟𝑟 = 𝐹⃗𝐹 � �

𝑟𝑟𝑖𝑖

𝑟𝑟𝑓𝑓
𝑑𝑑𝑟𝑟 = 𝐹⃗𝐹 � 𝑟𝑟𝑓𝑓 − 𝑟𝑟𝑖𝑖

𝑊𝑊 = 𝐹⃗𝐹 � ∆𝑟𝑟 = (𝐹𝐹𝑥𝑥, 𝐹𝐹𝑦𝑦) �(∆𝑟𝑟𝑥𝑥, ∆𝑟𝑟𝑦𝑦)= 𝐹𝐹𝑥𝑥∆𝑟𝑟𝑥𝑥+ 𝐹𝐹𝑦𝑦∆𝑟𝑟𝑦𝑦

Example:



Example: Riding bike against the wind

𝑊𝑊 = �
𝑟𝑟𝑖𝑖

𝑟𝑟𝑓𝑓
𝐹⃗𝐹 � 𝑑𝑑𝑟𝑟

Work done by wind 
on different paths:

A. A = B = C
B. A = B ≠ C
C. A ≠ B = C
D. A = C ≠ B
E. All different

B

A C

𝒙𝒙𝒇𝒇

𝒙𝒙𝒊𝒊

constant wind



Example: Constant Force 𝐹⃗𝐹

30◦

𝑭𝑭
= 𝟑𝟑 ̂𝚥𝚥𝑵𝑵

̂𝚥𝚥

̂𝚤𝚤
final position

initial 
position fixed slot

Work done by 𝐹⃗𝐹
𝑊𝑊 = 6 𝐽𝐽

𝑹𝑹

Assume:  - negligible gravitational force
- frictionless
- constraint force 𝑅𝑅 of slot on mass

Energy increase of mass ∆𝑬𝑬 :
A.  >6 J
B.   6 J
C.   <6 J

D.  need to find 𝑹𝑹 to know



Forces of Constraint

̂𝚥𝚥

̂𝚤𝚤

Constraint forces do zero work because there is 
no net motion (displacement) in the constraint 
direction.

Example:
𝒈𝒈

𝑵𝑵

Work done by 𝑵𝑵 is A. positive 
B. zero 
C. negative 
D. answer depends on 𝓵𝓵, 𝒎𝒎, 𝒈𝒈

𝓵𝓵

𝑵𝑵 𝑭𝑭𝒇𝒇

𝒎𝒎𝒎𝒎
FBD:



Rigid Body Energy

Example:

Remembe
r:

𝑇𝑇 =
1
2

𝑚𝑚𝑣𝑣𝐶𝐶
2 +

1
2

𝐼𝐼𝐶𝐶𝜔𝜔2

𝑉𝑉 = 𝑚𝑚𝑚𝑚ℎ𝐶𝐶

𝑟𝑟

Ĉ𝚥𝚥

̂𝚤𝚤

𝜔𝜔

𝒗𝒗𝑪𝑪

-solid disk
-mass m
-Radius r
-Rolling without slip

T = A. 𝒎𝒎𝒗𝒗𝑪𝑪
𝟐𝟐 D. 𝟏𝟏

𝟐𝟐
𝒎𝒎𝒗𝒗𝑪𝑪

𝟐𝟐+ 𝟏𝟏
𝟐𝟐

𝒎𝒎𝒓𝒓𝟐𝟐𝝎𝝎𝟐𝟐

B. 𝟑𝟑
𝟒𝟒

𝒎𝒎𝒓𝒓𝟐𝟐𝝎𝝎𝟐𝟐 E. 𝟐𝟐
𝟑𝟑

𝒎𝒎𝒗𝒗𝑪𝑪
𝟐𝟐

C. 𝟏𝟏
𝟒𝟒

𝒎𝒎𝒗𝒗𝑪𝑪
𝟐𝟐



Example

A. Solid Cylinder B. Hollow Cylinder

Both cylinders have same mass, same radius, same slope, 
start at rest, roll without slip.
Which cylinder reaches the bottom first?

A. A
B. B
C. Same
D. Can’t tell

𝒈𝒈



Example

A. Solid Cylinder B. Hollow Cylinder

Both cylinders have same mass, same radius, same slope, 
start at rest, roll without slip.
How much faster is the solid cylinder?

A. 5%
B. 15%
C. 45%
D. 65%
E. Depends on r

𝒈𝒈



Work Done by Friction

Recall: 𝑊𝑊 = ∆𝐸𝐸 = 𝐸𝐸𝑓𝑓 − 𝐸𝐸𝑖𝑖 (increase in energy)

𝑾𝑾𝑭𝑭 = work done by friction force 𝑭𝑭𝒇𝒇 :

A. 𝑾𝑾𝑭𝑭 < 𝟎𝟎 always
B. 𝑾𝑾𝑭𝑭 ≤ 𝟎𝟎 always
C. 𝑾𝑾𝑭𝑭 > 𝟎𝟎 or 𝑾𝑾𝑭𝑭 < 𝟎𝟎, but 𝑾𝑾𝑭𝑭 ≠ 𝟎𝟎
D. 𝑾𝑾𝑭𝑭 = 𝟎𝟎 always
E. 𝑾𝑾𝑭𝑭 can be postive, negative or zero



Example: Rolling without Slip

𝑟𝑟

Ĉ𝚥𝚥

̂𝚤𝚤

𝜔𝜔

𝒗𝒗𝑪𝑪

Which way does friction force 𝑭𝑭𝒇𝒇 act?

A. →
B. ←
C. zero  
D. can’t tell 

𝑴𝑴

What is work done by 𝑭𝑭𝒇𝒇 ?

A. positive
B. negative
C. zero   



Work Done by a Moment

Rod starts at rest , falls to horizontal.
Friction moment of 2 Nm
Work done by friction is:

𝑴𝑴𝒁𝒁

𝑊𝑊 = �
𝜃𝜃𝑖𝑖

𝜃𝜃𝑓𝑓
𝑀𝑀𝑍𝑍𝑑𝑑𝑑𝑑 = �

𝑡𝑡𝑖𝑖

𝑡𝑡𝑓𝑓
𝑀𝑀𝑍𝑍𝜃̇𝜃𝑑𝑑𝑡𝑡

45◦

Example:

𝑴𝑴𝒁𝒁

mass m
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