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Today’s agenda (Serway 7-8, MIT 13-14)
1. A few words on Mock exam 1 

2. Power 

3. Energy and work 

• Potential energy 

• Conservation of mechanical energy
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Mock exam takeaways

• A total of 138 mock exams were graded 

• Average score of graded exams: 7.6/20
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Mock exam takeaways

• A total of 138 mock exams were graded 

• Average score of graded exams: 7.6/20 

• The exam was long. Better reference: 7.6/14
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Mock exam takeaways
• Common pitfall 1: Not describing your answer with enough 

level of detail to show that you understand what you are 
doing. 

• Physics is not about just showing some formulas 

• You will miss possible partial credit 

• As an example of what you could do, check the 
solutions on the Moodle. 
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Mock exam takeaways
• Common pitfall 1: Not describing your answer with enough 

level of detail to show that you understand what you are 
doing. 

• Physics is not about just showing some formulas 

• You will miss possible partial credit 

• As an example of what you could do, check the 
solutions on the Moodle. However, 

• Common pitfall 2: Writing too much! 

• Writing too many details makes you spend time 
unnecessarily
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Mock exam takeaways
• Common pitfall 3: Lingering on a question and not moving 

on. 

• Part (b) was not needed in later parts 

• Part (e) was actually quite simple 
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Today’s agenda (Serway 7-8, MIT 13-14)
1. A few words on Mock exam 1 

2. Power 

3. Energy and work 

• Potential energy 

• Conservation of mechanical energy
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• Kinetic energy is K = mv2/2

9

From last week — kinetic energy and work



• Kinetic energy is  

• Work done by a constant force is 

K = mv2/2

W = ⃗F ⋅ ⃗ℓ = Fℓ cos θ

10

From last week — kinetic energy and work



• Kinetic energy is  

• Work done by a constant force is  

• Work done by a variable force  along a trajectory  is 

K = mv2/2

W = ⃗F ⋅ ⃗ℓ = Fℓ cos θ
⃗F C

W = ∫C

⃗F ⋅ d ⃗ℓ
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From last week — kinetic energy and work



• Kinetic energy is  

• Work done by a constant force is  

• Work done by a variable force  along a trajectory  is 

 

• Work-kinetic energy theorem: The total (net) work done 
on a system equals the change in its kinetic energy 

K = mv2/2

W = ⃗F ⋅ ⃗ℓ = Fℓ cos θ
⃗F C

W = ∫C

⃗F ⋅ d ⃗ℓ

Wnet = ΔK
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From last week — kinetic energy and work



• Kinetic energy is  

• Work done by a constant force is  

• Work done by a variable force  along a trajectory  is 

 

• Work-kinetic energy theorem: The total (net) work done 
on a system equals the change in its kinetic energy 

 

• Units of work and energy are Joules (J)

K = mv2/2

W = ⃗F ⋅ ⃗ℓ = Fℓ cos θ
⃗F C

W = ∫C

⃗F ⋅ d ⃗ℓ

Wnet = ΔK
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From last week — kinetic energy and work



Power from work
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• Power is defined as the rate at which work is done



Power from work
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• Power is defined as the rate at which work is done 

• Average power is , where  is the amount of 

work done during a time interval 

P = ΔW
Δt

ΔW
Δt



Power from work
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• Power is defined as the rate at which work is done 

• Average power is , where  is the amount of 

work done during a time interval  

• Instantaneous power is  

• Has units of Watts (W) = Joules per second = [kg m2/s3]

P = ΔW
Δt

ΔW
Δt

P = lim
Δt→0

ΔW
Δt

= dW
dt

⋅



Power from work

17

• Power is defined as the rate at which work is done 

• Average power is , where  is the amount of 

work done during a time interval  

• Instantaneous power is  

• Has units of Watts (W) = Joules per second = [kg m2/s3] 

• Using the work-kinetic energy theorem, power is also the 
amount of energy transferred or converted per unit time

P = ΔW
Δt

ΔW
Δt

P = lim
Δt→0

ΔW
Δt

= dW
dt

⋅



Power from work
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• Power is defined as the rate at which work is done 

• Average power is , where  is the amount of 

work done during a time interval  

• Instantaneous power is  

• Has units of Watts (W) = Joules per second = [kg m2/s3] 

• Using the work-kinetic energy theorem, power is also the 
amount of energy transferred or converted per unit time 

• Humans operate at roughly 100 W

P = ΔW
Δt

ΔW
Δt

P = lim
Δt→0

ΔW
Δt

= dW
dt

⋅



Power from force
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• For a constant force, power can be written as

= d
dt ( ⃗F ⋅ ⃗ℓ ) = ⃗F ⋅ d ⃗ℓ

dt
= ⃗F ⋅ d ⃗r

dt
= ⃗F ⋅ ⃗vP = dW

dt
×^. C 载 tv
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Power from force
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• For a constant force, power can be written as 

• What about a variable force?

= d
dt ( ⃗F ⋅ ⃗ℓ ) = ⃗F ⋅ d ⃗ℓ

dt
= ⃗F ⋅ d ⃗r

dt
= ⃗F ⋅ ⃗vP = dW

dt
×^.
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Conceptual question
A particle starts from rest at  and moves to  while 
experiencing the variable force  shown in the figure. 
What is the particle's kinetic energy at  and at ? 

A. ,  

B. ,  

C. ,  

D. ,  

E. , 

x = 0 x = L
F(x)

x = L/2 x = L
FmaxL

2 FmaxL
FmaxL

2 0
FmaxL 0
FmaxL

4
FmaxL

2
FmaxL

2
FmaxL

4
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Conceptual question
A sports car accelerates from zero to 30 km/h in 1.5 s. How 
long does it take for it to accelerate from zero to 60 km/h, 
assuming the power of the engine to be independent of 
velocity and neglecting friction? 

A. 2 s 
B. 3 s 
C. 4.5 s 
D. 6 s 
E. 9 s
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Today’s agenda (Serway 7-8, MIT 13-14)
1. A few words on Mock exam 1 

2. Power 

3. Energy and work 

• Potential energy 

• Conservation of mechanical energy
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a

b

C1

C2
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From last week — conservative forces
• A force is called conservative if 

The work done by the force on                                               
a particle moving between any two points                             

is independent of the path taken by the particle. 

    or equivalently 

The net work done by the force on                                         
a particle moving around any closed path is zero.



a

b

C1

C2
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From last week — conservative forces
• A force is called conservative if 

The work done by the force on                                               
a particle moving between any two points                             

is independent of the path taken by the particle. 

    or equivalently 

The net work done by the force on                                         
a particle moving around any closed path is zero. 

• Otherwise, the force is non-conservative 

• Work-kinetic energy theorem applies to both



Conservative and nonconservative forces
• Conservative examples: 

• Work by gravity only depends 
on  and work by springs 
only depends on 

Δy
Δx
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Conservative and nonconservative forces
• Conservative examples: 

• Work by gravity only depends 
on  and work by springs 
only depends on 

Δy
Δx

• Nonconservative example: 

• When friction is present, the work done depends not 
only on the starting and ending points, but also on the 
path taken

• The longer path has 
more dissipation

a b 27



Conservative and nonconservative forces
• Conservative examples: 

• Work by gravity only depends 
on  and work by springs 
only depends on 

Δy
Δx

 Conservative 
Force

Nonconservative 
forces

Gravitational Friction
Elastic (spring) Air resistance (drag)

Electric Tension in rope
Motor or rocket 

propulsion
Push or pull by a 

person• Nonconservative example: 

• When friction is present, the work done depends not 
only on the starting and ending points, but also on the 
path taken

• The longer path has 
more dissipation

a b 28



Potential energy

29

• Definition of potential energy: 

The change in potential energy is the                             
energy "stored" by an object as the result of work                 

done by a conservative force.



Potential energy
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• Definition of potential energy: 

The change in potential energy is the                             
energy "stored" by an object as the result of work                 

done by a conservative force. 

• The change in potential energy between points  and  is a b

ΔU = Ub − Ua = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Potential energy

31

• Definition of potential energy: 

The change in potential energy is the                             
energy "stored" by an object as the result of work                 

done by a conservative force. 

• The change in potential energy between points  and  is 

 

• Thus, there is gravitational potential energy and spring 
potential energy, but not friction potential energy 

• The motivation for this definition is so that energy is 
conserved (as we will see)

a b

ΔU = Ub − Ua = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Gravitational potential energy
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ΔU = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Gravitational potential energy
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• When a ball is thrown upwards, gravity 
initially does negative work, meaning 
the kinetic energy decreases and the 
potential energy increases

ΔU = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Gravitational potential energy
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• When a ball is thrown upwards, gravity 
initially does negative work, meaning 
the kinetic energy decreases and the 
potential energy increases 

• Kinetic energy decreases until ball 
reaches peak, where it is minimal

ΔU = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Gravitational potential energy
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• When a ball is thrown upwards, gravity 
initially does negative work, meaning 
the kinetic energy decreases and the 
potential energy increases 

• Kinetic energy decreases until ball 
reaches peak, where it is minimal 

• Then gravity does positive work, 
meaning the kinetic energy increases 
and the potential energy decreases

ΔU = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Gravitational potential energy

36

• When a ball is thrown upwards, gravity 
initially does negative work, meaning 
the kinetic energy decreases and the 
potential energy increases 

• Kinetic energy decreases until ball 
reaches peak, where it is minimal 

• Then gravity does positive work, 
meaning the kinetic energy increases 
and the potential energy decreases

ΔU = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ

• When the ball returns to its initial height, it will have the 
same kinetic energy as when it was thrown



Calculating gravitational potential energy
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ΔU = − W = − ∫
b

a

⃗F ⋅ d ⃗ℓ
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Force and potential energy
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• Given the potential energy, how do we find the force?

ΔU = Ub − Ua = − ∫
b

a

⃗F ⋅ d ⃗ℓ



Force and potential energy
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• Given the potential energy, how do we find the force? 

• In 1D, it is straightforward — just take the derivative

ΔU = Ub − Ua = − ∫
b

a

⃗F ⋅ d ⃗ℓ

For examplealong y :FaFitdtIdy ⇒Fdt = Fidy

AUT USy) - USyred) - PE.&De -Open dy -or gravity :
Ug(y) = mgytQ

U(x)yt - U(xref)] = y -Pire*Fy dy] dysng
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~ 0-mg = Fy



Force and potential energy
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• Given the potential energy, how do we find the force? 

• In 3D, we must use the gradient  

ΔU = Ub − Ua = − ∫
b

a

⃗F ⋅ d ⃗ℓ

⃗∇

⃗F = − ⃗∇ U = − ( ̂x
∂U
∂x

+ ̂y
∂U
∂y

+ ̂z
∂U
∂z )



Potential energy diagrams
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• A potential energy diagram is just a 
plot of potential energy versus position



Potential energy diagrams
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• A potential energy diagram is just a 
plot of potential energy versus position 

• Draw the potential energy diagram for 
a spring

̂x
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Potential energy diagrams
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• A potential energy diagram is just a 
plot of potential energy versus position 

• Draw the potential energy diagram for 
a spring

Potential energy 
diagram for a spring

Us(x)

x



Potential energy diagrams
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• A potential energy diagram is just a 
plot of potential energy versus position 

• Draw the potential energy diagram for 
a spring

Potential energy 
diagram for a spring

Us(x)

x

Fs ニ一



Potential energy diagrams
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• A potential energy diagram is just a 
plot of potential energy versus position 

• Draw the potential energy diagram for 
a spring

Potential energy 
diagram for a spring

Us(x)

x



Potential energy diagrams
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Potential energy diagram for a 
particle moving under the influence 

of a conservative force

U(x)

xx1 x2 x3 x4 x5 x6 x7

=-F=0 ⇒ F=O

↓

↑ ↓

=0



Potential energy diagrams
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• Equilibrium points: 

    Points for which   

      

Equilibrium is stable if: 

              

Equilibrium is unstable if: 

            

F = 0

⇒ dU
dx

= 0

dF
dx

< 0

dF
dx

> 0

Potential energy diagram for a 
particle moving under the influence 

of a conservative force

U(x)

xx1 x2 x3 x4 x5 x6 x7

Fa. 없
FaD
\
∞
x

AX
一

F户
*

≠ 이>①
ㄴ

= に]=一
長 =0⇒=O

当嫁さO Neutrally stable



Conceptual question
An apple at height  falls from a tree. What is the potential 
energy diagram  for this situation?

h
U(y)

48

h0 y h0 y h0 y

h0 y h0 y

A B C

D E

g ̂y
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Conceptual question
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The figure below shows the potential energy diagram for a 
particle executing one dimensional motion between points 
“a” and “e”. 

At which point will the magnitude of the force be the largest? 

A. a 
B. b 
C. c 
D. d 
E. e

U(x)

x
a

b c

d
e
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Session ID: epflphys101en

D F = . 이유 1 티티이시

ㅣ



Conceptual question
The figure below shows the potential energy diagram for a 
particle executing one dimensional motion between points 
“a” and “e”. 

At how many of the points will the force be zero? 

A. 0 
B. 1 
C. 2 
D. 3 
E. 4

50

U(x)

x
a e
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Today’s agenda (Serway 7-8, MIT 13-14)
1. A few words on Mock exam 1 

2. Power 

3. Energy and work 

• Potential energy 

• Conservation of mechanical energy
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Conservation of energy

52

• Energy is conserved! Always. 

The total energy is neither increased                                  
nor decreased in any process.                                       



Conservation of energy
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• Energy is conserved! Always. 

The total energy is neither increased                                  
nor decreased in any process.                                        

• Energy can be transformed from one form to another, and 
transferred from one object to another, but the total 
amount remains constant



Conservation of energy
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• Energy is conserved! Always. 

The total energy is neither increased                                  
nor decreased in any process.                                        

• Energy can be transformed from one form to another, and 
transferred from one object to another, but the total 
amount remains constant

• Whenever it seems that energy is 
disappearing, we always find that 
it is actually just hiding in a 
different form 

• No known exceptions



Energy has many different forms
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• Mechanical 
• Kinetic 

• Translational



Energy has many different forms
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• Mechanical 
• Kinetic 

• Translational 
• Rotational



Energy has many different forms
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• Mechanical 
• Kinetic 

• Translational 
• Rotational 

• Potential 
• Gravitational 
• Elastic (spring)



Energy has many different forms
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• Mechanical 
• Kinetic 

• Translational 
• Rotational 

• Potential 
• Gravitational 
• Elastic (spring) 

• Thermal 
• Chemical 
• Nuclear 
• Electrical 
• Light (electromagnetic) 
• and more!



Energy has many different forms
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• Mechanical 
• Kinetic 

• Translational 
• Rotational 

• Potential 
• Gravitational 
• Elastic (spring) 

• Thermal 
• Chemical 
• Nuclear 
• Electrical 
• Light (electromagnetic) 
• and more!

Kinetic
Thermal

Light

Chemical



DEMO (483, 86, 764 and 38)

Conservation of energy

60



Conservation of mechanical energy
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• Mechanical energy refers to the energy of an object’s 
motion (i.e. kinetic) and the energy that is "stored" in an 
object by its position (i.e. potential) 

Em = K + U



Conservation of mechanical energy

62

• Mechanical energy refers to the energy of an object’s 
motion (i.e. kinetic) and the energy that is "stored" in an 
object by its position (i.e. potential) 

 

• If all forces doing work on a system are conservative, then 
its mechanical energy is conserved

Em = K + U



Conservation of mechanical energy
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• Mechanical energy refers to the energy of an object’s 
motion (i.e. kinetic) and the energy that is "stored" in an 
object by its position (i.e. potential) 

 

• If all forces doing work on a system are conservative, then 
its mechanical energy is conserved 

• Can be proved from the work-kinetic energy theorem 
applied to conservative forces

Em = K + U



Conservation of mechanical energy
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AK = Wet = Woonst Won Wons = -AU
=- AU + Whon

⇒ Woon = SK +SU = ( KA -Ki ) t(Uf -Ui ) =(KEEU.
)

E

㎥
-(KitU.
)

Emi

=> Wnon = Emf-Emi = SEM
f there are no non-conservative
Forces doing work then Won=O

=> SEm = O



Conceptual question
An object starts from rest and slides down a frictionless hill 
without air drag. Which path leads to the highest speed at 
the finish? 

A. 1 
B. 2 
C. 3 
D. All are the same.

65
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Conceptual question
The figure below shows the potential energy diagram for a 
particle executing one dimensional motion between points 
“a” and “e”. The total mechanical energy of the system is 
indicated by the dashed line. 

At which point will the kinetic energy be the largest? 

A. a 
B. b 
C. c 
D. d 
E. e

67

U(x)

x
a

b c

d

e Em
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Summary

69

• Power is rate at which work is done (or energy is transferred/
converted) 

• The potential energy, which is only associated with conservative 
forces, is given by 

,    e.g.        and     

• Force related to the derivative (or gradient) of the potential 

• Total energy, considering all forms, is always conserved 

• Total mechanical energy is the sum of kinetic energy and 
potential energy 

• If all forces doing work are conservative, then mechanical 
energy is conserved

ΔU = − W Ug = mgy Us = kx2/2
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See you tomorrow for cliff jumping


