
Physics 2111

Unit 8

Today's Concepts:
a) Potential Energy

b) Mechanical Energy
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Where are we?
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Now we’re going to just 

“rephrase” it

Work-Energy Thrm

http://www.smartphysics.com/Course/ViewItem?unitItemID=3871&enrollmentID=47
http://www.smartphysics.com/Course/ViewItem?unitItemID=3872&enrollmentID=47
http://www.smartphysics.com/Course/ViewItem?unitItemID=3880&enrollmentID=47
http://www.smartphysics.com/Course/ViewItem?unitItemID=3880&enrollmentID=47
http://www.whfreeman.com/catalog/
http://www.whfreeman.com/Catalog/content.aspx?Title=136
mailto:smartphysics@whfreeman.com?Subject=Message%20from%20smartPhysics%20contact%20us%20form.
http://www.smartphysics.com/Home/About


Stuff you asked about:
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Please review the Universal Gravity Equation unless we are saving that 

for the end of the semester

Earth's Gravity took me awhile, and I'm still not sure if that's right. Could 

we go over this one?

I do not understand all the different combos of equations and when to use 

them.

there are a lot of equations to keep track of and the information is not 

organized in my head. How does potential energy relate to kinetic energy 

and then what does the conservative and non conservative forced have to 

do with it.

Go over the spring concept again from the video 

lol diagramas

Could we go over the "Earth's Gravity" problem in class, that one was 

confusin

1) Could you go over the derivations for potential energy? 2) What Energy 

formulas should we memorize for this Unit? 3) If energy is conserved, can 

we set one energy equal to another (ex: mgh = 1/kx^2)? 4) On test/quiz 

questions, how will we know Mechanical Energy is conserved?

Please go over everything, these checkpoint questions didn't click at all.



Conservative Forces

Force conservative if 

ׯ Ԧ𝐹 ∙ 𝑑 Ԧ𝑥 = 0
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Examples:

Gravity, Springs

Not kinetic friction!



Potential Energy – NOTHING NEW!

Wtot = DKE

WNC + WCON = DKE

WCON = -DPE

WNC -DPE = DKE

WNC =DPE +DKE = DME
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Example 8.1 (Box on Spring)
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A 20kg box is placed gently on a 
vertical spring which compresses it 
10cm.  I then compress the spring an 
additional 40cm with my hand.  

When I release the box and spring, 
how high will the box fly?

10cm

40cm

WNC = 0 

→ DME = 0

→ DPE +DKE  = 0



Example 8.2 (Skier)

A skier starts from rest and 
goes down a 10.4m long 
25o slope.  The coefficient 
of kinetic friction 
between the skis and the 
snow is mk=0.2. 
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At the end of the slope, he flies off a 3.5m high 
cliff. 

What is his velocity just before he connects with 
the snow at the bottom of the cliff and skis 
coolly off for a hot chocolate?

3.5m

25o
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Question

You and your friend both solve the problem involving 

the skier. The two of you have chosen different 

levels for PE = 0 in your calculations.   Which of the 

following quantities will you and your friend agree 

on?

A. skier’s PE          

B. skier’s change in PE         

C. skier’s final KE

D. (A) and (C)

E. (B) and (C)
3.5m

25o



Example 8.3 (Pendulum)

A pendulum consists of a mass at 
the end of a 3 meter long string. 
It is held at rest 30o from the 
vertical. If it is released, what is 
its velocity when the string is 
completely vertical?
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30o
3m
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Example 8.4  (Soccer Ball)

A soccer ball is kicked at an initial velocity of 20m/sec at 30o

above the horizontal.  What is it’s maximum height?

D

y

x 30o
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Which Method to Use (some hints)

Newton’s Second Law

Force is constant in direction and magnitude

Wtot = DKE

Force changes in direction or magnitude

WNC = DME (or MEo = MEf)

No non-conservative forces (e.g. no friction) 
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In which of the following situations is mechanical 
energy not conserved?

A. a basketball is tossed in the air and returns 
to its original position

B. a car applies its brakes and comes to a stop

C. a satellite orbits the earth

D. a student lowers a stereo receiver to lower 
shelf

E. (B) and (D)
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A box is picked up 1 meter and not returned to 
its original starting position.  In this case, is 
gravity still a conservative force?

A. yes

B. no

C. we can’t tell
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Question

A) The block’s kinetic energy

B) The spring potential energy

C) Both A) and B)

A block attached to a spring is oscillating between point x1 (fully 
compressed) and point x2 (fully stretched). The spring is un-stretched at 
point o. At point o, which of the following quantities is at its maximum 
value?

o x2
x1
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Question

A) The block’s kinetic energy

B) The spring potential energy

C) Both A and B

A block attached to a spring is oscillating between point x1 (fully 
compressed) and point x2 (fully stretched). The spring is un-stretched at 
point o. At point x1, which of the following quantities is at its maximum 
value?

x1 o x2
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Question

A) At x1

B) At o

C) At x2

D) At both x1 and x2

A block attached to a spring is oscillating between point x1 (fully 
compressed) and point x2 (fully stretched). The spring is un-stretched at 
point o. At which point is the acceleration of the block zero?

o x2x1



CheckPoint

x

A box sliding on a horizontal frictionless surface runs into a fixed spring, 
compressing it a distance x1 from its relaxed position while momentarily 
coming to rest.

If the initial speed of the box were doubled, how far x2 would the spring 
compress?

2 12x x= 2 12x x=
2 14=x xA)                             B)                         C)
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Big point of confusion in the past!!!!

Mechanics  Lecture 8, Slide 18

IMPORTANT POINT:

It is conceptually easier if you always use the 
unstretched (relaxed) position as x = 0. 

Both vertical or horizontal springs.
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Horizontal Spring

A box is attached to a horizontal spring and 
oscillates  back and forth on a frictionless 
surface.  How many conservative forces are 
doing work on the box as it moves?

A) 0
B) 1
C) 2
D) 3
E) 4
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Vertical Spring

A box is attached to a vertical spring and 
oscillates up and down.  How many 
conservative forces are doing work on the box 
as it moves?

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



Example 8.5 (vertical spring)
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How high will be box 
go before coming to 
rest?

20cm

10cm

A 5kg box is gently hung from a vertical spring which 
stretches out 20cm.  You then stretch the spring an 
additional 10cm with your hand.  When you  release 
the box, you give it an upwards shove so it has an initial 
velocity of 2m/sec.  



Question 

(b) 
Bottom of 

relaxed spring

(c) 
equilibrium 

position with 

mass attached

A box is gently hung from a vertical spring and it 
sags down from position (b) to position (c).   What 
is true at position (c)?

A) ½ kx2 = mgh
B) kx = 0
C) kx = mg
D) ½ kx2 = mg
E) Both (A) and (D)



Example 8.5a (vertical spring)
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How high will be box 
go before coming to 
rest?

20cm

10cm

A 5kg box is gently hung from a vertical spring which 
stretches out 20cm.  You then stretch the spring an 
additional 10cm downawards with your hand.  When 
you  release the box, you give it an upwards shove so it 
has an initial velocity of 2m/sec.  

2m/sec



Example 8.5a (vertical spring)
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How high will be box 
go before coming to 
rest?

10.3cm

A 5kg box is gently hung from a vertical spring which 
stretches out 20cm.  You then stretch the spring an 
additional 10cm with your hand.  When you  release 
the box, you give it an upwards shove so it has an initial 
velocity of 2m/sec.  

10.3 above the 
unstretched position



Commonly Used Trick
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Write all position in terms of 
yo – distance between unstretched and equilibrium
y’ – distance between object and equilibrium
y = yo + y’ 

Gravity term cancels out

PEtotal = ½*k*y’2

Math much easier
All distances measured from equilibrium position



Example 8.5b (vertical spring)
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How high will be box 
go before coming to 
rest?

20cm

10cm

A 5kg box is gently hung from a vertical spring which 
stretches out 20cm.  You then stretch the spring an 
additional 10cm downawards with your hand.  When 
you  release the box, you give it an upwards shove so it 
has an initial velocity of 2m/sec.  

2m/sec



Example 8.5b (vertical spring)
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How high will be box 
go before coming to 
rest?

A 5kg box is gently hung from a vertical spring which 
stretches out 20cm.  You then stretch the spring an 
additional 10cm with your hand.  When you  release 
the box, you give it an upwards shove so it has an initial 
velocity of 2m/sec.  

30.3 above the 
equilibrium position

30.3cm
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In Case 0, a massless spring with a spring 

constant k hangs vertically with no mass 

attached in it’s unstretched position. 

In Case 1, a mass M has been attached and 

the spring stretches a distance Do until the 

mass is at rest in its equilibrium position a 

distance 

In Case 2 the mass has been lifted a distance 

D vertically upward.

If we define the potential energy in Case 1

to be zero, what is the potential energy of 

Case 2?

A) ½ kD2

B) mgD

C) ½ kD2 + mgD

Case 0

Do
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If we define the potential energy 

in Case 0 to be zero, what is the 

potential energy of Case 2?

A) ½ k(Do-D)2

B) ½ k(Do+D)2

C) ½ k(Do)
2

D) ½ k*(D-Do)
2 + mg(D-Do)

E) ½ K*(D+Do)
2 + mg(D+Do)

2

Case 0

Do
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Question 

(a) 
Top of relaxed 

spring

(b) 
Bottom of 

relaxed spring

(c) 
equilibrium 

position with 

mass attached 

there the net 

force is zero

(d) 
lowest point of 

oscillation

A box is hung from a vertical spring and it sags 
down from position (b) to position (c).   I want to 
use PE = ½ kx2 + mgx for the potential energy of 
the box.  What position do you use for x=0?



Mechanics  Lecture 8, Slide 31

Question 

(a) 
Top of relaxed 

spring

(b) 
Bottom of 

relaxed spring

(c) 
equilibrium 

position with 

mass attached 

there the net 

force is zero

(d) 
lowest point of 

oscillation

A box is hung from a vertical spring and it sags 
down from position (b) to position (c).   I want to 
use PE = ½ kx’2 for the potential energy of the box.  
What position do you use for x’=0?

DPEsystem = 1/2kx’2
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Question 

(a) 
Top of relaxed 

spring

(b) 
Bottom of 

relaxed spring

(c) 
equilibrium 

position with 

mass attached

(d) 
lowest point of 

oscillation

A box is hung from a vertical spring 
and oscillates up and down. Where 
is the box’s velocity maximum?

DPEsystem = 1/2kx’2
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Question 

(a) 
Top of relaxed 

spring

(b) 
Bottom of 

relaxed spring

(c) 
equilibrium 

position with 

mass attached

(d) 
lowest point of 

oscillation

A box is hung from a vertical spring 
and oscillates up and down. Where 
is the box’s potential energy 
minimum?



Bottom line
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IMPORTANT POINT:

If you’re going to use the formula PE = 1/2kx2, x 
is always equal 0 at the equilibrium position of 
the mass.  

Both vertical or horizontal springs



Remember Example 8.1?
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A 20kg box is placed gently on a 
vertical spring which compresses it 
10cm.  I then compress the spring an 
additional 40cm with my hand.  

When I release the box and spring, 
how high will the box fly?

10cm

40cm

Works only if box remains 

attached to the spring.

Would not have worked in 8.1.



Bottom line
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Normally, don’t like memorizing “tricks” but 
this one is widely used and very helpful 

If you don’t like remembering this trick, just 
include both forces all the time.

Algebra is tougher.

Just don’t mix the two!!
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In the Pre-lecture



Good?
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IF YOU DIDN’T UNDERSTAND THE PREVIOUS 
SLIDE, ASK ME NOW 

OR 
SEE ME LATER

OR
Check the prelecture 



Question

A cart starting from rest rolls down a hill and at the 

bottom has a speed of 4 m/s.  If the cart were given 

an initial push, so its initial speed at the top of the 

hill was 3 m/s, what would be its speed at the 

bottom?

A. 4 m/s

B. 5 m/s

C. 6 m/s

D. 7 m/s

E. 25 m/s
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In Case 1, a mass M hangs from a 

vertical spring having spring constant k 

and is at rest in its equilibrium position.

In Case 2 the mass has been lifted a 

distance D vertically upward.

If we define the potential energy in Case 

1 to be zero, what is the potential energy 

of Case 2?

A) ½ kD2

B) mgD

C) ½ kD2 + mgD


