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It's all physics!



Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

Physics 141 Exam # 2.

• Exam # 2 will take place on Tuesday 10/24 between 8 am 
and 9.20 am.

• Exam # 2 will cover the material of Chapters 4, 5, 6, and 7.

• General remarks:
• You must answer question 11 and 12 in one blue booklet.
• You must answer question 13 in the second blue booklet.
• If you answer all analytical questions in one blue booklet, 

question 13 will not be graded.
• You must enter your student ID in the appropriate place on the 

scantron form.  No ID on the form, no grade for the multiple-
choice questions.

• If you arrive after 8.45 am, you will not be allowed to take the exam.
• You cannot leave the exam before 8.45 am.
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Extra office hours on Monday 10/23

• There will be extra office hours on 10/23 to answer any last-
minute questions about exam # 2.
• Frank Wolfs: 11 am – 1 pm, using Zoom:

(https://rochester.zoom.us/j/99051457285?pwd=SXdoUEpEeXdKTVJVR0
ROSnhjR0RiZz09).

• Guilherme Fiusa: 3 pm - 5 pm, B&L 304.
• Aidan Bachmann: 10 am - 11 am, POA.
• Nathan Skerrett: 5.30 pm – 6.30 pm, POA.

• There will be no recitations and office hours on Tuesday, 
Wednesday, Thursday, and Friday during the week of the 
exam.
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Surviving Phy 141 Exams.

• Time your work:
• Exam has 10 MC + 3 analytical questions.
• Work 15 minutes on the MC questions.
• Work 15 minutes on each of the analytical questions (45 minutes 

total).
• You now have 30 minutes left to finish those questions you did not 

finish in the first 15 minutes.

• Write neatly – you cannot earn credit if we cannot read what 
you wrote!

• Write enough so that we can see your line of thought – you 
cannot earn credit for what you are thinking!
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Surviving Phy 141 Exams.

• Every problem should start with a diagram, showing all forces 
(direction and approximate magnitude) and dimensions.  All forces 
and dimensions should be labeled with the variables that will be 
used in your solution.

• Indicate what variables are known and what variables are unknown.

• Indicate which variable needs to be determined.

• Indicate the principle(s) that you use to solve the problem.

• If you make any approximations, indicate them.

• Check your units!
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Review Midterm Exam # 2.
Chapter 4.

• The focus of this Chapter is the atomic nature of matter and 
the forces that act on our system and influences its motion.

• We discussed a model of a solid in terms of a lattice of 
atoms that are interconnected by springs.  Many dynamic 
properties of a solid can be understood in terms of this 
simple model.

• We discussed various forces and types of motion:
• Simple-harmonic motion are discussed and the force requirements for 

this type of motion.

• Sections excluded: none (sorry).
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Review Midterm Exam # 2.
Chapter 4.

• Terminology introduced:

• The atomic model of a solid.

• Tension.

• Stress and strain.

• Harmonic motion. 
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Review Midterm Exam # 1.
Chapter 4.

• We can visualize a solid as a 
collection of atoms of mass m,  
interconnected by springs.

• The atoms are not at rest in a sold, 
but continuously vibrate around an 
equilibrium position.

• The temperature of the solid is a 
measure of the kinetic energy 
associated with the motion of the 
atoms.

• This simple model can explain many 
important properties of matter, but 
many others can only be explained in 
terms of quantum mechanics.
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Review Chapters 4.
The atomic model of a wire.

• A commonly used atomic model of a 
wire is a model in which the atoms are 
connected via springs of spring constant 
k.

• The inter-atomic separation will 
increase when we move up the wire.

• The assumption that the tension in the 
wire is constant is thus a poor 
approximation.

• When we connect a mass to the wire, 
there still will be a dependence of the 
spring force on position, but this 
dependence will be much smaller than it 
was before.
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Review Chapters 4.
Stress and strain.

• When we apply a force to an 
object that is kept fixed at one 
end, its dimensions can change.

• If the force is below a maximum 
value, the change in dimension is 
proportional to the applied force.  
This is called Hooke’s law:

 F = k ΔL

• This force region is called the 
elastic region. 
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Review Chapters 4.
Stress and strain.

• The elongation ΔL in the elastic 
region can be specified as follows:

 
 where

 L = original length
 A = cross sectional area
 Y = Young’s modulus
 

• Stress is defined as the force per unit 
area (= F/A).

• Strain is defined as the fractional 
change in length (ΔL/L).

Note: the ratio of stress to strain 
is equal to the Young’s Modulus.

  
ΔL = 1

Y
F
A

L
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Review Chapters 4.
Simple harmonic motion (SHM).

Amplitude

Phase Constant

Angular Frequency

  
x(t) = Acos ωt + φ( )

The key to the understanding of the atomic model of matter is 
the understanding of the spring-like interaction between the atoms.
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Review Chapters 4.
SHM: what forces are required?

• Consider we observe simple harmonic motion.  
• The observation of the equation of motion can be used to 

determine the nature of the force that generates this type of 
motion.  

• In order to do this, we need to determine the acceleration of 
the object carrying out the harmonic motion:

  

x t( ) = Acos ωt +φ( )
v t( ) = dx

dt
= d

dt
Acos ωt +φ( )( ) = −ω Asin ωt +φ( )

a t( ) = dv
dt

= d
dt

−ω Asin ωt +φ( )( ) = −ω 2 Acos ωt +φ( ) = −ω 2x t( )
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Review Chapters 4.
What forces are required for SHM?

• Using Newton’s second law we can determine the force 
responsible for the harmonic motion:

  F = ma = -mω2x

• We conclude:
 
 Simple harmonic motion is the motion executed by a particle of 

mass m, subject to a force F that is proportional to the displacement 
of the particle, but opposite in sign. 

• Any force that satisfies this criterion can produce simple 
harmonic motion.  If more than one force is present, you 
need to examine the net force, and make sure that the net 
force is proportional to the displacements, but opposite in 
sign.
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Review Chapters 4.
 SHM: examples.

• The simple pendulum:
• The pendulum will carry out 

SHM with an angular frequency 
ω = √(g/L).

• The period of the pendulum is 
thus 2π/ω = 2π√(L/g) which is 
independent of the mass of the 
pendulum.

• The torsion pendulum:
• The pendulum will carry out 

SHM with an angular frequency 
ω = √(K/I).

• By measuring the period of the 
pendulum, we can determine the 
torsion constant K of the wire.
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Review Chapters 4.
Damped Harmonic Motion.

• If we add a  damping force (such 
as the drag force) to the equation 
of motion we obtain:

• The solution of this equation is:

  

d 2x
dt2 + b

m
dx
dt

+ k
m

x = 0

SHM TermDamping Term

   
x t( )  xme
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Review Chapters 4.
Driven Harmonic Motion.

• When we apply a driving force to 
our system, the equation of 
motion becomes

• The steady-state solution of this 
equation of motion is

• The amplitude A depends on the 
natural and the driving 
frequencies:

  

d 2x
dt2 = −ω0

2x + F0 sin ωt( )

  
x t( ) = Acos ωt + φ( )

  

A =
F0

ω0
2 −ω 2( )

Note: 
     ω = driving frequency
     ω0 = natural frequency
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Another word of caution: make sure you 
know how to decompose your force(s).

• In many problems you need to 
decompose an external force 
into components that are 
parallel and perpendicular to a 
surface.

• Know how to do this!
• Check that your decomposition 

makes sense.

• The component of the gravitational 
force parallel to the inclined plane 
is mg sinθ.  Does this make sense?  
What do you expect to get if θ = 0?
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Review Chapters 4.
Analyzing Force Diagrams.

• When looking at complex systems:

• Determine all external forces.

• How do the components of the system move?  If the components of 
the system carry out the same motion then the acceleration of the 
system is the ratio of the total external force divided by the total mass.

• Now look at each component separately.  Since we know its 
acceleration, we can determine the net force acting on it.  The net 
force is the sum of the external and internal forces acting on this 
component.  If some of these forces are not known, their properties 
can be determined in this way.
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Review Chapters 4.
Sample problem.



Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

Review chapter 4.

End of Chapter 4
.
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Review Midterm Exam # 1.
Chapter 5.

• The focus of Chapter 5 are the forces that act on our system 
and influences its motion.

• We discussed various forces and types of motion:
• Friction forces.
• Normal forces, drag forces, and buoyant forces.

• Sections excluded: none (sorry).
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Review Midterm Exam # 2.
Chapter 5.

• Terminology introduced:

• The normal force.

• Friction.

• Buoyancy and pressure.
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Review Chapter 5.
Dissipative forces: friction.

• The maximum static friction 
force and the kinetic friction 
force are proportional to the 
normal force.

• Changes in the normal force will 
result in changes in the friction 
forces.

• NOTES: 
• The normal force will be always 

perpendicular to the surface.
• The friction force will be always 

opposite to the direction of 
(potential) motion.

• Static friction: Ffr ≤ μsN
• Kinetic friction: Ffr = μkN
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Review Chapter 5.
Dissipative forces: friction.

• When you drive your car around 
a corner you carry out circular 
motion.

• In order to be able to carry out 
this type of motion, there must be 
a force present that provides the 
required acceleration towards the 
center of the circle.

• This required force is provided by 
the friction force between the 
tires and the road.

• But remember ….. The friction 
force has a maximum value, and 
there is a maximum speed with 
which you can make the turn.

Required force = Mv2/r.
If v increases, the friction force 
must increase and/or the radius 
must increase.
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Review Chapter 5.
Dissipative forces: friction.

• Unless a friction force is present 
you can not turn a corner …… 
unless the curve is banked.

• A curve that is banked changes 
the direction of the normal force.

• The normal force, which is 
perpendicular to the surface of 
the road, can provide the force 
required for circular motion.

• In this way, you can round the 
curve even when there is no 
friction ……. but only if you 
drive with exactly the right speed 
(the posted speed). 
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One word of caution.
Never draw a centrifugal force!
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Review Chapter 5.
Sample problem.
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Review chapter 5.

End of Chapter 5
.
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Review exam # 2.
Chapter 6.

• The focus of Chapter 6 is conservation of energy.

• We firmly believe that the total energy is a conserved 
quantity: it can neither be created or destroyed.  

• Energy can be converted from one form to another form 
(some of these transformations are reversible, some of them 
are irreversible).

• Sections excluded: sections 6.19 - 6.21 (except the results).
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Review exam # 2.
Chapter 6.

• Terminology introduced:

• Work

• The energy principle (aka. the work-energy theorem)

• Energy

• Kinetic energy

• Potential energy

• Conservative and non-conservative forces



Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

Review chapter 6. 
Work.

• When a force F is applied to an 
object, it may produce a 
displacement d.

• The work W done by the force F 
is defined as

 where φ is the angle between the 
force F and the displacement d.

   W =

F i

d = Fd cosφ
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Review chapter 6. 
Work.

• In most realistic cases, we need to 
consider the work done when the 
force is varying (both in 
magnitude and direction) as 
function of time and/or position.

• In this case, we can still use the 
same approach as we just 
discussed by breaking up the 
motion into small intervals such 
that the path is linear and the 
force is constant during the 
intervals considered.
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Review chapter 6.
The energy principle.

• In general, we expect that the change in the energy of a 
particle is related to the work done by all the forces acting 
on this particle:

• We take this to be the definition of the energy E.
• Consider that the particle, subjected to a force F, moves a 

distance Δx along the x axis.  The change in energy as a 
result of this motion will be

 ΔE =W

  
ΔE =


F iΔr = FxΔx =

Δpx

Δt
⎛

⎝⎜
⎞

⎠⎟
Δx
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Review chapter 6.
The energy principle.

• The work-energy theorem shows us that the energy of a 
particle of rest mass m, moving with velocity v, is equal to

• We note that even if the particle is not moving, it will have a 
non-zero energy, equal to mc2.  This energy is called the rest 
energy of the particle.

• When the particle is moving, its energy is larger than its rest 
energy, and this excess of energy is called the kinetic 
energy K of the particle (since it is associated with its 
motion):

  
E = mc2

1− v2 / c2

  
K = E − mc2 = mc2 1

1− v2 / c2
−1

⎛

⎝
⎜

⎞

⎠
⎟
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Review chapter 6.
The energy principle.

• In the non-relativistic limit, v << c, we find for K

• The energy and the momentum of a particle are related 
according in the following manner:

• We conclude that E2 - p2c2 is an invariant (the same in each 
reference frame).

• If the particle has no mass (e.g. a photon) then the right-
hand side is zero, and we conclude that E = pc.

   
K  mc2 1+ 1

2
v2

c2 −1
⎛

⎝⎜
⎞

⎠⎟
= 1

2
mv2

  
E2 − p2c2 = mc2( )2



Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

Review chapter 6.
The potential energy U.

• The work done by a force changes the energy of a particle 
(due to the change in the kinetic energy) and energy is thus 
not conserved.

• Mechanical energy, defined as the sum of the particle 
energy and its potential energy U, will be conserved if ΔU is 
defined as

• The potential energy at one position is related to the 
potential energy at a reference position

   
U r( ) =U r0( ) + ΔU =U r0( ) − 

F • dr
r0

r

∫

   
ΔU = −W = −


F • dr

r0

r

∫
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Review chapter 6.
The potential energy U: path dependence.

• If the work is independent of the 
path and only depends on the 
initial and final position, then the 
work around any closed path will 
be equal to 0 J.

• A force for which the work is 
independent of the path is called 
a conservative force.  With such 
forces we can associate a 
potential energy.

• A force for which the work 
depends on the path is called a 
non-conservative force.
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Review chapter 6.
Potential energy distributions.

• Consider a particle that can move 
in a region where we know the 
potential energy:

• If the energy of the particle is E1 it 
can can move between x2 and x3.

• If the energy of the particle is E3, 
it can move in the entire x > x5 
region.

• If the energy of the particle is E2, 
its motion is restricted to two 
regions (region 1 and region 2) 
and no motion from region 1 to 
region 2, and vice-versa, is 
permitted. 

Re
gi

on
 1

Re
gi

on
 2 Unbound

Bound

Bound or 
trapped
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Problem 6.Q5.
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Problem 6.Q6.
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Review chapter 6.

End of Chapter 6.
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Review exam # 2.
Chapter 7.

• Chapter 7 extends the discussion of Chapter 6 from one-
particle systems to multi-particle systems.

• In this Chapter we learn how to apply conservation of total 
energy to systems in which various non-conservative forces 
act.

• The non-conservative forces discussed in this Chapter 
include static and kinetic friction, air resistance, and viscous 
friction.

• Sections excluded: none.
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Review exam # 2.
Chapter 7.

• Terminology introduced:

• Potential energy of multi-particle systems.

• Thermal energy.

• Energy accounting in open and closed systems.

• Conservation of energy in the presence of non-conservative forces.

• Friction and resistance.
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Review chapter 7.
The energy principle.

• When we are dealing with multi-particle systems we have to 
separate the forces acting on the system into two groups:
• Internal forces: forces that act between the particles that make up the 

system.
• External force: forces that are generated due to interactions between 

the system and its surroundings.
• Thus

• The opposite of the work done by the internal forces on the 
system is called the potential energy of the system

  
ΔEi

i
∑ =Wext +Wint

  
ΔEi

i
∑ + −Wint( ) = ΔEi

i
∑ + ΔU =Wext
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Review chapter 7.
The potential energy U.

• The potential energy U of a system of particles is the energy 
associated with the interaction between the constituents of 
the system.

• The change in the potential energy of a pair of particles with 
an interaction force F acting between them is given by

• If the configuration of the system does not change (e.g. a 
rigid object), its potential energy will also not change.

   
ΔU = −


F1,2 iΔ

r1 +

F2,1iΔ

r2( ) = −

F2,1i Δ

r2 − Δr1( ) = −

F2,1iΔ

r21
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Review chapter 7. 
Conservation of mechanical energy.

• When dissipative forces, such as friction forces, are present, 
the mechanical energy of a system will no longer be 
conserved and energy will be exchanged between the 
system and its surroundings.

• The amount of energy being exchanged will depend on the 
path along which the system evolved, and we can not assign 
a potential energy with these forces (nor will a motion along 
the path in opposite direction restore the energy that we 
moved from the system to its environment.

• The amount of energy dissipated by these non-conservative 
forces can be calculated if we know the magnitude and 
direction of these forces along the path followed by the 
object. 
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Review chapter 7.
Thermal energy.

• One form of energy that is frequently 
present in mechanics problems (but 
often ignored) is the thermal energy.

• Thermal energy is associated with the 
temperature of a system; a change in 
thermal energy correspond to a 
change in temperature.

• An increase in the temperature of a 
material will increase the amplitude 
of the inter-atomic vibrations, and 
increase the average distance 
between atoms (due to the fact that 
the potential energy is not symmetric 
around its minimum).
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Review chapter 7.
Dissipative forces: friction.

• Observations of the friction force 
show that :

• There are two different friction 
forces: the static friction force 
(no motion) and the kinetic 
friction force (motion).

• The static friction force increases 
with the applied force but has a 
maximum value.

• The kinetic friction force is 
independent of the applied force, 
and has a magnitude that is less 
than the maximum static friction 
force.



Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

Review chapter 7.
Dissipative forces: drag.

• Objects that move through the air 
also experience a “friction” type 
force.

• The drag force has the following 
properties:

• It is proportional to the cross 
sectional area of the object.

• It is proportional to the velocity of 
the object.

• It is directed in a direction 
opposite to the direction of 
motion.

• The drag force is responsible for 
the object reaching a terminal 
velocity (when the drag force 
balances the gravitational force).
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Problem 7.X.28
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Problem 7.P61



Frank L. H. Wolfs Department of Physics and Astronomy, University of Rochester

Review chapter 7.

End of Chapter 7.
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Review exam # 2.

The end!


