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Preface 

How to Use This Book 
 

 
"I understand the material but I just can't do 
the problems."   
"I can do the homework problems but the 
problems on the test are just too different."   
"If I only knew the right formula, I would 
have gotten that problem right."   
"I recognized that problem but I just couldn't 
remember the solution."   
 
 If you have ever felt that way about 
physics problems, this booklet is for you.  It 
is intended to provide guidance for students 
wishing to develop a technique for solving 
physics problems similar to that used by 
experts.  The technique is based on research 
describing how experts in many fields solve 
real problems.  You will not find clever 
procedures to shorten the solution of certain 
types of problems in this booklet.  No 
mathematical tricks are presented.  Instead 
we try to explain how to use a general 
strategy that works for physics and all other 
fields that use systematic problem solving.   
 No matter what your field of interest, 
problem solving consists of approximately 
the same steps:  recognize the problem 
(what's going on here?), describe the problem 
in the terms used by your field (what does 
this have to do with what I know?), plan a 
solution (where do I go from here?), execute 
the plan (what's the answer?), and evaluate 
the solution (can my answer be true?).  
Although an expert might accomplish some 
of these steps mentally, a non-expert does not 
yet have the years of practice needed to 
develop   the   necessary   memory   structure. 
 

The non-expert can implement the process 
using writing as an extension of memory.  A 
logical, well organized written analysis of the 
problem is the most important tool in 
problem solving.  As most students know, the 
most difficult part of solving a problem is 
getting started on the right track.  The 
problem solving technique in this booklet is 
designed to help you do just that. 
 The booklet is not really designed to 
be read from beginning to end.  It is more 
like a reference book which can be entered 
anywhere.  We suggest reading Chapter 1 to 
get the overall picture of the strategy.  Then 
try working out some of the problems for 
which complete solutions are given.  We 
have given solutions to typical textbook 
problems which occur at the beginning of an 
introductory physics course.  Once you catch 
on, you should be able to apply this problem 
solving technique to any situation on your 
own.  If you have trouble applying any of the 
problem solving steps, read the appropriate 
section in Chapter 2.  If you have trouble 
with the specific approaches of kinematics, 
dynamics, or conservation, read the 
appropriate parts of Chapter 3, 4, or 5.   
 Problem solving is a skill and, as with 
any skill, the best technique often seems 
"unnatural."  Just think about your favorite 
sport.  With practice you will get better and 
more efficient.  After a while, this technique 
will become "second nature" to you.  Practice 
is the key.  But practice is only useful if you 
are always practicing the same thing.  Pick 
plenty of your own exercises from your 
textbook.  Practice writing down all of the 
steps of the general problem solving strategy 
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even if you know an "easier" way of solving 
the problem.  After practicing on the "easy" 
textbook exercises try some of the "realistic" 
problems in this booklet.  Only a few 
solutions are given but, if you are good at 
using the problem solving strategy, you will 
know if you got them right. 
 Many people have contributed a great 
deal to the evolution of this booklet.  First we 
thank the numerous researchers in expert-
novice problem solving upon whose work 
this booklet is based.  Pure research is always 
the basis for sound practice.  Many graduate 
students in both physics and science 
education at the University of Minnesota 
have made very important contributions.  We 
especially wish to thank Ron Keith who was 
responsible for much of the original draft of 
the booklet.  Bruce Palmquist, Scott 
Anderson, Doug Huffman, Jennifer Blue and 
James Flaten then extended and refined the 

work.  Many physics teaching assistants have 
contributed to the development and testing of 
the general problem solving strategy and the 
evolution of this booklet.  We are also 
grateful to the many undergraduates who 
have participated in the courses through 
which this booklet was developed.  Finally 
we thank Professors Charles Campbell, 
Clayton Giese, Walter Johnson, Roger Jones, 
and Konrad Mauersberger at the University 
of Minnesota for their comments and 
contributions in the development of this 
booklet. 
 
Kenneth Heller, School of Physics and 
Astronomy 
Patricia Heller, Department of Curriculum 
and Instruction 
 
University of Minnesota, 1995 
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Chapter 1 

A Logical Problem Solving Strategy 
 

 
Introduction 

At one level, problem solving is just that, 
solving problems.  Presented with a problem 
you try to solve it.  If you have seen the 
problem before and you already know its 
solution, you can solve the problem by recall.  
Much of the time, however, you have never 
experienced this situation before (if you had, 
you would not call it a problem).  Solving real 
problems involves making a logical chain of 
decisions which lead from an unclear situation 
to a solution. Solving physics problems is not 
very different from solving any kind of 
problem.  In your professional life, you will 
encounter new and complex problems (after 
all if they knew how to solve them, why 
would they pay you?).  The skillful problem 
solver is able to invent good solutions for 
these new problem situations.  But how does 
the skillful problem solver create a solution to 
a new problem?  And how do you learn to be 
a more skillful problem solver? 

The purpose of this booklet is to provide 
you with some guidance for solving physics 
problems.  The technique given in this booklet 
is based on research done in a variety of 
disciplines such as physics, medical diagnosis, 
engineering, project design and computer 
programming.  There are many similarities in 
the way experts in these disciples solve 
problems.  The most important result is that 
experts follow a general strategy for solving 
all complex problems.  The following sections 
in this chapter describe the characteristics of 
this general problem-solving strategy.  In 
Chapter 2 this general strategy is elaborated in 
a  way  that  makes  it   particularly  useful  for 

 
solving the physics problems you will 
encounter in this course.  Chapters 3, 4, and 5 
describe how to use the problem solving 
strategy to solve problems using kinematics, 
dynamics, and conservation ideas.  These 
chapters also include example textbook 
problems with solutions and some additional 
problems for you  
to practice solving using the problem solving 
strategy.  If you learn this strategy you will be 
successful in this course.  In addition, you will 
become familiar with a general strategy for 
solving problems that will be useful in your 
chosen profession. 
 
A Logical Problem-Solving Strategy 

Experts solve real problems in several 
steps.  Getting started is the most difficult 
step.  In the first and most important step, you 
must accurately visualize the situation, 
identify the actual problem, and identify 
information relevant to the problem.  At first 
you must deal primarily with the qualitative 
aspects of the situation.  You must interpret 
the problem in light of your own knowledge 
and experience.  This enables you to decide 
what information is important, what 
information can be ignored, and what 
additional information may be needed, even 
though it was not explicitly provided.  In this 
step drawing a useful picture of the problem 
situation is crucial to getting started correctly.  
A picture is worth a thousand words (if it is 
the right picture).  In the second step, you 
must represent the problem in terms of formal 
concepts and principles, whether these are 
concepts of engineering design, concepts of 
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medicine, or concepts of physics.  These 
formal concepts and principles use the 
accumulated knowledge of your field and thus 
enable you to simplify a complex problem to 
its essential parts.  Frequently, your field has 
developed a formalized way to diagram the 
situation which helps show how the concepts 
are usually applied to a problem.  Third, you 
must use your representation of the problem to 
plan a solution.  Planning results in an outline 
of the logical steps required to obtain a 
solution.  In many cases the logical steps are 
conveniently expressed as mathematics.  
Fourth, you must determine a solution by 
actually executing the logical steps outlined in 
your plan.  Finally, you must evaluate how 
well the solution resolves the original 
problem. 

The general strategy can be summarized 
in terms of five steps.:  

(1) Comprehend the problem. 
(2) Represent the problem in formal 

terms. 
(3) Plan a solution. 
(4) Execute the plan. 
(5) Interpret and evaluate the solution. 

The strategy begins with the qualitative 
aspects of a problem and progresses toward 
the quantitative aspects of a problem.  Each 
step uses information gathered in the previous 
step to translate the problem into more 
quantitative terms and to clarify the decisions 
which you must make.  These steps should 
make sense to you.  You have probably used a 
similar strategy, without thinking about it, 
when you have solved problems before. 
 
The Importance of Writing 
 Solving a problem requires that you 
constantly make decisions.  This is very 
difficult to do if you must also remember 
many pieces of information and the 
relationships between those pieces of 
information.  Soon you overload your brain 
which has only a small number of short term 
memory locations.  You could forget 

important parts of the problem or the steps in 
a mathematical procedure.  The chain of 
decisions you construct may even have logical 
flaws.  Drawing pictures and diagrams and 
writing your procedures using words, 
symbols, and mathematics makes the paper a 
part of your extended memory.  Your brain is 
then free to deal with the decision-making 
process.  The single biggest mistake of novice 
problem solvers is not writing down enough in 
a form which is organized to be a useful aid to 
their memory.  If you have had the experience 
of understanding how to solve a problem 
when someone shows you how but “getting 
lost” when you try to do a similar problem 
yourself, the effective use of writing could be 
your primary trouble. 
 
A Physics-Specific Strategy 

Each profession has its own specialized 
knowledge and patterns of thought.  The 
knowledge and thought processes that you use 
in each of the steps will depend on the 
discipline in which you operate.  Taking into 
account the specific nature of physics, we 
choose to label and interpret the five steps of 
the general problem solving strategy as 
follows: 

 
1. Focus the Problem: In this step you 

develop a qualitative description of the 
problem.  First, visualize the events described 
in the problem using a sketch.  Write down a 
simple statement of what you want to find out.  
Write down the physics ideas which might be 
useful in the problem and describe the 
approach you will use.  When you finish this 
step, you should never have to refer to the 
problem statement again.   

 
2. Describe the Physics: In this step you 

use your qualitative understanding of the 
problem to prepare for a quantitative solution.  
First, simplify the problem situation by 
describing it with a diagram in terms of simple 
physical objects and essential physical 
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quantities.  Restate what you want to find by 
naming specific mathematical quantity(ies).  
Using the physics ideas assembled in step 1, 
write down equations which specify how these 
physical quantities are related according to the 
principles of physics or mathematics.  The 
results of this step contains all of the relevant 
information so you should not need to refer to 
step 1 again. 

 
3. Plan the Solution: In this step you 

translate the physics description into a set of 
equations which represent the problem 
mathematically by using the equations 
assembled in step 2.  Each equation should 
have a specific goal to find a single unknown 
quantity in the problem.  An equation thus 
used may involve a new unknown quantity 
which must be determined using another 
equation.  In other words, solving the original 
problem usually involves creating and solving 
sub-problems. As you do the mathematical 
operations to isolate your unknown quantities, 
you create an outline of how to arrive at a 
solution. You will find that most of your effort 
will go into deciding how to construct this 
logical chain of equations with less effort 
spent on mathematical operations. 

 
4. Execute the Plan: In this step you 

actually execute the solution you have 
planned.  Plug in all of the known quantities 
into the algebraic solution, which is the result 
of step 3, to determine a numerical value for 
the desired unknown quantity(ies). 

 
5. Evaluate the Answer: Finally, check 

your work to see that it is properly stated, not 
unreasonable, and actually answers the 
question asked. 

Consider each step as a translation of the 
previous step into a slightly different 
language.  

You begin with the full complexity of real 
objects interacting in the real world and 
through a series of decisions arrive at a simple 
and precise mathematical expression. 

The solution to the following problem 
illustrates each step.  On the right side of the 
page is the actual solution, as you might 
construct it.  On the left side of the page are 
brief descriptions of each step of the solution.  
We have used a familiar situation so that you 
can concentrate on understanding how the 
strategy is applied.  In later chapters, we will 
consider each of the steps individually and in 
more detail. 

 

Problem Solving Strategy

Focus the Problem

Describe the Physics

Plan the Solution

Execute the Plan

Evaluate the Answer

Problem Statement
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Example 1: Jeff and Scott are first rate runners.  Jeff's best time in the mile is 4 min, 57 sec.  

Scott's best time in the mile is 4 min, 38 sec.  If Scott and Jeff raced each other at 
their best in a mile run, by how far would Scott beat Jeff? 

 
(1) Focus the Problem:  
 
Visualize the events described in the problem 
and draw a sketch.   
 
Write down what you want to find. 
 
Write down the physics ideas that help you 
understand the events and describe the 
approach you will use. 

1 mile
Jeff

Scott

Start Finish

4 min 57 sec

4 min 38 se

4 min 38 sec
d = ?

 
 
 

Question: What is the distance between the runners when Scott crosses the finish 
line? 

 
Approach: Use the definition of average velocity to relate the runner’s 

displacement to the elapsed time. 
 
 Assume that Jeff’s average velocity is the same for this race as for the 

entire mile.  
 
 
(2) Describe the Physics:  
 
Simplify the problem by describing it in terms 
of simple physical objects and physical 
quantities.  Usually this requires defining a 
coordinate system.  Restate what you want to 
find in terms of a target quantity.  Write down 
how these physical quantities are related by 
principles and definitions of physics.   
 
 
 
 
 

Jeff

Scott

x 
t

o 
o

x 
t

x 
t

1 
1

2 
1

+x

x   = 0 
t   = 0

o 
o

x   = ? 
t   = 4 min 38 s = 278 s

1 
1

x  = 1 mile
2

d

v

v

v
J

J

S

 
vJ ,Ave =

1 mile
297 sec

,     vs,Ave =
1 mile

278  sec
  

Target Quantity:  d 

Quantitative Relationships:   
  
vAve =

∆x
∆t

 

                d = x2 - x1 
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(3) Plan the Solution:  
 
 
Translate the physics description into a set of 
equations which relate specific physics 
quantities.  Determine if the equations will 
allow you to find the answer you want.  Check 
to see that there are no left over unknowns.  
Check the units. 
 
 
 
 
 
 
 
 
 

 
    unknowns 
Find d:    d 

 d = x2 −x1 
Find  x1     x1 

 
vJ ,Ave =

x1 −xo
t1 −t o

=
x1
t1

 

 x1 =vJ ,Ave t1 

 d = x2 −vJ ,Ave t1 
 

Check Units:  
 
mi[ ]−

mi[ ]
sec[ ]

 sec[ ]= mi[ ]  OK 

 

 
 
(4) Execute the Plan:  
 
Put in known values of quantities to determine 
the numerical solution. 
 
 

   
d =1 mi−

1 mile
297 sec

 278 sec( ) = 0.064  mi 

 

 
 
(5) Evaluate the Answer:  
 
Check your work to see that it is properly 
stated, not unreasonable and that you have 
actually answered the question asked. 
 
 
 
 
 
 
 
 
 
 
 

 
The unit of distance is miles. 
 
The answer is reasonable since the distance between 
them is a small fraction of the total distance. 
 
The answer is the distance between the two runners 
at the finish. 
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In Example 1, you can clearly recognize 
the logical flow of the problem solving steps.  
In the first step, you focus your mental 
processes by expressing the problem in 
everyday terms in the form of a sketch, 
extracting a question and stating your 
approach.  In the next step, you translate this 
information into important physical quantities 
and the relationships which characterize the 
physics of the problem.  Then using this 
information, you construct a specific set of 
equations that relate the unknown physics 
quantities to those that you know and combine 
them to solve the problem.  Before going to 
the next step you check your units to make 
sure you haven’t made a math mistake.  Next, 
you follow your plan by plugging in numbers 
to obtain a numerical solution.  In the final 
step, you check your work, and consider how 
well the numerical solution answers the 
original problem.  The solution is complete 
when you are convinced that you have an 
answer, and that the answer is a good one. 

Example 1 serves to illustrate the steps of 
the strategy but not its value.  Although you 
can understand the logical steps, you might 
question its usefulness.  Perhaps after reading 
the problem, you knew just what equations 
you would use to solve the problem.  You 
didn't need to reason through each step of the 
strategy.  That is because this situation is 
simple enough that it is not a real problem for 
you.  It does show a technique which will help 
you solve real problems, those you don’t 
already know how to solve.  This is the 
method that experts use to confront problems 
that they don’t know how to solve.  Expert 
problem solvers employ this strategy because 
it is the most effective and efficient way to 
solve realistic problems.  Of course, those 
problems require many more steps and many 
more decisions.  To prepare for the real world, 
you will need to master this powerful problem 
solving technique. 

 
 

The five-step strategy represents an 
effective way to organize your thinking to 
produce a solution based on your best 
understanding of physics.  The quality of the 
solution depends on the knowledge that you 
use in obtaining the solution.  Your use of the 
strategy also makes it easier to look back 
through your solution to check for incorrect 
knowledge or assumptions.  That makes it an 
important tool for learning physics.  If you 
learn to use the strategy effectively, you will 
find it a valuable tool to use for solving new 
and complex problems and for learning 
physics. 

 
Problem Difficulty 

Throughout this course you will 
encounter problems whose difficulty ranges 
from the simple to the quite complex.  Some 
straightforward, but not necessarily easy 
exercises (called problems) are given at the 
end of each chapter in your textbook.  These 
exercises allow you to practice using the 
physics principles presented in the chapter.  
Exercises are usually (but not always) 
characterized by certain features: 

• They may involve only a single 
application of one major principle, so that 
deciding on an approach to the problem is 
simple. 

• The question is clearly stated as the need 
to find some specified physics quantity, 
e.g. velocity, energy, force, so that the 
relevant physics description is often 
suggested by the problem statement itself. 

• Just enough information has been 
provided for you to determine a 
numerical value for the desired quantity, 
so that describing the situation and 
problem approach are simplified. 

• All quantitative information is given in a 
simple set of units, so that if the correct 
principle is applied, the numerical 
solution will be correct.  This simplifies 
evaluation of the solution. 

• They often resemble other exercises 
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which you have recently encountered.  
Because the objects described in the 
exercise and their relationships are 
similar to other examples given, 
visualization of the problem is simpler. 

 
It is strongly recommended that you use 

the five-step strategy when you are solving 
these textbook exercises.  This will help make 
the strategy feel natural to you when you use 
it on real problems. Although the textbook 
exercises are straightforward, the physics 
principle and/or mathematical technique used 
may be new to you.  Using the five-step 
strategy helps you learn the physics principle 
or mathematical technique because it provides 
a logical structure and organization to guide 
your thinking.  Before you can solve the kinds 
of problems you might encounter in real life, 
you have to first practice your skills in simple 
situations, and then in increasingly complex 
situations as your skills improve. 

Such well-focused exercises are not the 
only kind of problems that you will encounter 
in this course.  On tests, you will be asked to 
solve more realistic types of problems that can 
be complex in several possible ways: 

• The problems may require the application 
of multiple principles and/or multiple 
applications of the same principle. 

• The question may not be stated as the 
need 

to find any particular quantity, much less 
a specified physics quantity; the problem 
may ask for a judgment, in which case 
you must decide what quantities you need 
to find in order to make a good judgment. 

• The problem statement may include 
information which is not useful at all.  On 
the other hand, some important 
information may not be expressly 
provided; you will have to provide that 
information from your own general 
knowledge. 

• Quantitative information may be provided 
in unfamiliar or inconsistent units. 

• The objects or interactions described in 
the problem situation may appear new to 
you; it may appear that you never have 
seen or solved a similar problem. 

Problems with the above characteristics are 
similar to the problems that you will 
encounter in your chosen profession.  It is 
important for you to practice on the simple 
textbook problems so that you develop the 
knowledge and skills required to solve 
realistic problems. 

Next we give an example of a slightly 
more difficult problem.  As before, on the 
right side is the actual solution, as you might 
construct it.  On the left side are brief 
descriptions of what is being done at each step 
of the solution. 
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Example 2: Just as you turn onto the main avenue from a side street with a stop sign, a city 

bus going 30-mph passes you in the adjacent lane.  You want to get ahead of the 
bus before the next stoplight which is two blocks away.  Each block is 200-ft long 
and the side streets are 25-ft wide, while the main avenue is 60-ft wide.  If you 
increase your speed at a rate of 5-mph each second, will you make it? 

 
 

(1) Focus the Problem: In this step of the problem solving strategy construct your initial 
qualitative understanding of the problem situation.  Write down what you know, what you want 
to know, the physics you will use, and the assumptions you will make.  This understanding can 
be usefully expressed as follows: 
 
Picture & Given Information: 
 

What's happening?  Visualize the problem 
situation and make a sketch of the important 
objects and events.   
 
Decide which given information may be 
useful and write it down on the sketch. 
 
 
 
 

  vcar

  

  
  

200 ft 200 ft25 ft

  

stop light

  abus = 0  vbus = 30  mph

  vcar = 0

  acar = 5  mph/ sec

bus
car

vbus

acar

 
 

 
Question(s):  
 

What is(are) the question(s)?  Express it as 
some quantity to be found. 

 

Find the distance the car travels to catch up to the 
bus.  See if it is less than 425 feet.

 
 
Approach: 
 
 

What approach shall I take?  Outline the 
concepts which can relate the given 
information to the question. 
 
 
 
 
 
 
 

Use the definition of average velocity for the bus 
since it travels at constant velocity. 
 
Use the relationship between acceleration and 
position for the car since it travels at constant 
acceleration. 
 
Initial time is when the bus and the car are first 
together.  Final time is when the bus and the car 
are next together. 
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(2) Describe the Physics: In this step use your physics ideas to translate your initial 
understanding of the problem into a diagram of the actual problem.  This diagram contains only 
idealized physical objects and representations of important physical quantities.  Identify which of 
these physical quantities you need to find to answer the question.  Write down the relationships 
between the quantities which will help you determine the unknowns.  This information can be 
summarized with the following items: 

 
Diagram & Define Quantities:  
 
 

For kinematics problems, use a motion 
diagram.  This diagram requires: 
* Coordinate axes. 
* Simplified representations (usually points) 

of objects. 
* Indication of position, velocity and 

acceleration of objects at important times. 
Identify known and unknown quantities. 

  vb

  

vb
bus

car   
  

  
ac

  
ac

  xo ,  to

  vco = 0
  

vcf

  x f ,  t f

+x

 
 
  xo = 0   x f = ?  
  t o = 0    t f =?  
  vco = 0   vcf =?  
  vb = 30 mph   ac = 5  mph/ sec 
 

 
 
Target Quantity(ies):  
 

Decide which of your unknowns you will 
need to find in order answer the problem 
question. 

 
 x f =?  

 
 
Quantitative Relationships: 
 

Decide which physics principles or other 
mathematical relationships are applicable 
for the situation diagrammed above. 
 
 
 
 

 
vb =

x f −xo

t f − to
=

x f

t f
    vb  constant  

 

 
x f =

1
2

ac t f − to( )2 +vco t f − to( )+ xo  

 

 
 
x f =

1
2

ac t f( )2    ac  constan t  
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(3) Plan the Solution: In this step translate your physics description of the problem into the 
particular equations, which will help you solve the problem.  Always begin with an equation 
from your quantitative relationships containing the target quantity.  If that equation contains 
additional unknowns, write down another equation from your quantitative relationships 
containing one of those unknowns.  Continue until you have introduced a new equation for every 
unknown in your plan. 

Construct Specific Equations:  

 

 
Use your quantitative relationships to write 
specific equations relating unknown 
quantities to ones which are known. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     

    unknowns 
Find xf       xf 
 

 
x f =

1
2

ac t f( )2
      tf 

 
Find tf 

 

 
vb =

x f

t f  
 

 
t f =

x f

vb  
 

 
x f =

1
2

ac
x f

vb

 

 
  

 
 

2

 
 

 

2vb
2

ac
=x f

 
 
 
Check Units:  
 
 

Make sure the units on both sides of your 
equation are the same. 
 
 
 
 

 

mi
hr

 
 

 
 

2

mi
hr2

=mi OK 

 

 



 

 1 - 11 

 
(4) Execute the Plan: In this step carry out the mathematics specified in your solution plan in 
order to determine a numerical value for your target quantity(ies). 
 
 
Calculate Target Quantity(ies): 

 
Put numerical values of known quantities 
into the equation for the target quantity.  
Convert units if necessary and calculate a 
value for the target quantity. 
 
 
 
 
 
 
 
 

 

x f = 2
30

mi
hr

 
 

 
 

2

5mi
hr
s

 

 

 
 

 

 

 
 

 

 
x f = 360

mi
hr

 
 

 
 s  

 
x f = 360

mi
hr

 
 

 
 s

hr
3600s

 
 

 
 =

1
10

mi  

Since 0.1 miles is 528 feet, which is more than 425 
feet, you do not make it. 

 
 

(5) Evaluate the Answer: As a result of executing your plan, you have a numerical answer to 
the physics problem.  In this final step, check that your answer is properly stated, not 
unreasonable, and complete. 
 
 
Is Answer Properly Stated?:  

Check that your answer has the appropriate 
units and sign. 
 

Yes, miles are a correct unit for distance. 
 

 
 

Is Answer Unreasonable?:  
Check that the magnitude of your answer is 
not unexpectedly large or small. 
 
 

The answer is only about 100 ft longer than the 2 
block distance which is not unreasonable. 
 

 
 

Is Answer Complete?:  
Check that you have answered the original 
question. 
 

The car does not make it.  This answers the 
question. 
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The preceding example solutions intro-
duced the essential features of each step of the 
physics problem solving strategy.  In the table 
below these features are summarized.  In the 
next chapter, these features are described 
more fully and are illustrated by example. 

In the third chapter, we will introduce a 
format sheet which serves as a guide for 
solving problems.  Using these format sheets, 

we will construct solutions to several 
exercises, ranging from intermediate difficulty 
to complex. 

Finally, we will provide additional 
problems so that you can practice using the 
strategy.  Practice is all important.  Problem 
solving is a skill which can be developed, but 
as with all skills, your improvement depends 
upon the effort you invest. 

 
 
 

Summary of the Physics Problem Solving Strategy 
 

 
1. Focus the Problem 

• Picture & Given Information 
• Question(s) 
• Approach 
 

2. Describe the Physics 
• Diagrams & Define Physics 

Quantities 
• Target Quantity(ies) 
• Quantitative Relationships 
 

 
3. Plan the Solution 

• Start with equation which has 
target quantity(ies) 

• Identify other unknowns in 
equation 

• Solve a sub-problem for each 
unknown 

• Check Units 
 
4. Execute the Plan 

• Calculate Target Quantity(ies) 
 
5. Evaluate the Answer 

• Is Answer Properly Stated? 
• Is Answer Unreasonable? 
• Is Answer Complete? 
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Chapter 2 

The Five-Step Physics Problem Solving Strategy 
 
 
Introduction 

The purpose of this chapter is to clarify the 
physics problem solving strategy.  This will be 
accomplished by addressing each step of the 
strategy and illustrating that step by two 
examples.  The main features of each step are 
first discussed, then that step is done for each 
example.  The two examples are shown below. 
 Each step of the example solution consists 
 

 
of two parts:  On the left-hand page you will 
find the statements, equations, diagrams, and 
other information that you might write down 
if you were to solve the example using the 
five-step strategy.  On the right hand page is a 
commentary on the problem solving process.  
The commentary illustrates questions you ask 
yourself and decisions you must make when 
you are solving unfamiliar physics problems.  

 
 

Example 3: You are a driver who always obeys posted speed limits.  Late one night you are 
driving on a country highway at 55-mph.  Ahead you see a sign that says, "Curve 
Ahead  200 ft, Slow to 35 mph."  You are 30 feet from the sign when you first see 
it.  You begin to apply your brakes at the instant you pass the sign.  You slow 
your car down at a rate of 7-mph each second.  As you reach the curve, are you 
traveling within the posted speed limit? 

 
Example 4: Your younger brother is waiting outside for his friends to come over to play 

baseball.  While he waits, he becomes restless and begins to play catch with 
himself with the 4-oz. baseball.  He makes a vertical toss every 3 seconds.  The 
ball returns to his hand two seconds after he releases it.  Does the ball get as high 
as the top of your two story house? 

 

 
1. Focus the Problem 

The first and most important step to take 
in solving any problem is to understand just 
what the problem is.  The goal of this step is 
to establish a qualitative understanding of the 
problem situation.  To solve a problem about 
the real world, you want to have a clear 
mental image of the situation.  This helps you 
to use all of your general knowledge and 
experience, not simply the physics formulas 
that you recall.  The essential features of this 
step are: 

 

 
 
Picture and Given Information 

Begin by visualizing the events as 
portrayed in the problem statement.  Identify 
the objects and the time sequence of events 
which are central to understanding the 
situation.  Of particular importance are those 
times when an object experiences an abrupt 
change.  A sketch of the situation is a useful 
way to focus your mind on the problem.  All 
of the given information should be added to 
the sketch so you can see what is going on at a 
glance. 
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Question(s) 

Every problem has a question.  After you 
have reduced the problem situation to a 
sketch, you need to determine the question.  
For most textbook exercises this is not too 
difficult.  Usually there is a direct statement 
which tells you what to find.  For more 
realistic problems, the question may not be 
well formulated so that you can answer it with 
a calculation.  For example, you may be asked 
to make a judgment.  You must then restate 
the question in a form which can be answered 
by a physics calculation.  Consider the 
following problem: 

 
You and your friend are racing to see 
who can be the first to make a 
purchase from Burger Bros.  Starting 
at the same time from the 
McDonald's parking lot in 
Dinkytown, you head for the 
Roseville store and your friend heads 
for the Bloomington store.  If you 
both agree to obey the speed limits 
and all traffic regulations, who will 
be the first to make a purchase? 
 

This problem does not directly ask a question 
which can be answered using quantities 
determined using physics.  However, the 
question really deals with time, a physics 
quantity.  The question can be rephrased in 
terms of three different questions:  "How 
much time does it take you to travel the 
distance to the Roseville store?  How much 
time does it take your friend to travel the 
distance to the Bloomington store?  Which of 
these time intervals is greater?"  Time and 
distance are the basic physical quantities.  The 
time can be calculated from other physical 
quantities such as velocities, positions and 
accelerations.  It is clear you will have to 
make some assumptions about each person’s 
average speed which depends on the speed 
limit.  Rephrasing the question in terms of 

time enables you use physics to analyze the 
problem quantitatively.  In many problems, 
success in solving the problem will depend 
critically upon your translation of the 
question(s) into physics terms. 
 
Approach 

Once you have a useful sketch of the 
situation and you have identified a question 
whose answer should resolve the problem, 
you can begin to think about how to approach 
the problem:  What can physics tell you about 
the events?  In your approach you gather your 
thoughts about how physics can help you 
solve the problem.  It represents your first 
guess as to what facts and physics principles 
will be useful in the creation of a solution.  
Your approach helps you to make decisions 
regarding the following questions:  What 
given information is potentially useful for 
answering the question?  What additional 
information might I need, even if I have to 
estimate it?  What information seems 
irrelevant and can be ignored? 

In physics, there are a few basic patterns 
of explanation, fundamental principles, which 
have proved exceptionally valuable for 
thinking about natural events.  The kinematics 
description of motion is one of these.  
Newtonian forces and energy conservation 
and momentum conservation are other 
fundamental ways of thinking about how the 
motion of objects is affected by interactions 
with other objects.  Each fundamental 
principle typically relates several physical 
quantities through a mathematical 
relationship.  Selecting one or a combination 
of fundamental principles determines your 
approach to the problem.  Whether or not a 
physics principle will prove useful in a given 
situation depends upon characteristics of the 
problem.  In the approach you write down 
your best guess of which of these principles 
will be most useful, and perhaps easiest for 
solving this particular problem. 
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construct a mental image 
of the sequence of events 
described in the problem 

statement

determine the question 

select a qualitative approach 
which should lead to a 
solution to the problem 

Describe the Physics

Problem Statement

sketch a picture which 
represents this mental 
image; include given 

information

 

Focus the 
Problem 

 
 
 
• What's going on? 
• What objects are involved? 
• What are they doing? 
 
 
 
 
 
• Are all the important objects shown? 
• Are the spatial relations between the 

objects shown? 
• Are the important times represented? 
• Are the important motions represented? 
• Are the important interactions 

represented? 
 
 
 
 
 

• Does the question ask about a specific 
measurable characteristic(s) about a 
particular object(s)?  If not, reformulate it 
so it does. 

 
 
 
 
• What is the system of interest? 
• Which physics principles could be used to 

solve the problem? 
• What information is really needed? 
• Are there only certain time intervals 

during which one approach is useful? 
• Should we make any approximations? 
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Example 3: You are a driver who always obeys posted speed limits.  Late one night you are 
driving on a country highway at 55-mph.  Ahead you see a sign that says, "Curve 
Ahead  200 ft, Slow to 35 mph."  You are 30 feet from the sign when you first see 
it.  You begin to apply your brakes at the instant you pass the sign.  You slow 
your car down at a rate of 7-mph each second.  As you reach the curve, are you 
traveling within the posted speed limit? 

 
Focus the Problem 

 
Picture and Given Information: 
 
 
 

55 mph 55 mph

7 mph/s 7 mph/s

vf

30 ft 200 ft
speed limit 35 mph

sign

 
 
 
 
 
 
 
Question(s): 
 
 

What is the speed of the car when it reaches the curve? 
Is that speed less than 35 mph? 

 
 
 
Approach: 
 

Use kinematics. 
 
Assume the car’s acceleration is constant between the sign and the curve. 
 
For constant acceleration, the average acceleration equals the instantaneous acceleration. 
 
Use the definition of average acceleration to relate the change of velocity to the time interval. 
 
Use the relationship between acceleration and position for constant acceleration. 
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COMMENTARY 
 
 
 
 
 
Picture and Given Information: 
 

First visualize the events described. 
 
• What are the important objects and what do they do from beginning to end? 

The situation describes a car moving along a highway.  The problem begins 30 ft from a 
highway sign and ends 200 ft beyond the sign, where a curve in the road begins. 

 
• What is a good perspective from which to sketch the motion? 

Use a bird's eye view (view from above) to show the position of the car relative to the curve 
in the road. 

 
• Does the motion of the car change between the beginning and the end of the described 

motion? 
Yes.  The speed is constant up to the sign, but decreases thereafter.  Put these points on the 
sketch as well. 

 
 
Question(s): 
 
• What do I need to find out? 

The question is posed in the last sentence.  I must calculate the speed of my car as I enter the 
curve and compare it to the speed limit of 35 mph.   

 
 
 
 
Approach: 
 
• Which general concepts and principles are useful for thinking about this problem?  What 

kind of problem is it? 
Applying kinematics seems like a good approach.  The final velocity of an object traveling 
from point to point depends on its initial velocity, its acceleration, and the distance between 
those points.  Position, velocity, and acceleration are important quantities.  But time is also 
an important quantity in kinematics.  Since I don’t know the time that the car takes to travel 
between the sign and the curve, I may need to use more than one kinematics relationship. 

 
• Is any part of the problem not useful for answering the question? 

Yes.  We can neglect the motion of the car before it reaches the sign because we know the 
speed of the car at this point and we know how far the car is from the curve. 
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Example 4: Your younger brother is waiting outside for his friends to come over to play 
baseball.  While he waits, he becomes restless and begins to play catch with 
himself with the 4-oz. baseball.  He makes a vertical toss every 3 seconds.  The 
ball returns to his hand two seconds after he releases it.  Does the ball get as high 
as the top of your two story house? 

 
Focus the Problem 

 
Picture and Given Information: 
 

  

v(up) v(down)

g g
2 sec

4 oz

18 ft

 
 
Question(s): 

What is the maximum height of the ball? 
 
Is it less than the height of the house? 

 
Approach: 

Use kinematics. 
 
The ball has a constant acceleration (down) throughout its flight so its average acceleration 
equals its instantaneous acceleration. 
 
Use the relationship between acceleration and position for constant acceleration. 
 
The velocity of the ball (but not its acceleration) is zero at its highest point. 
 
Solve motion of ball for two different time intervals 
 1. Hand to maximum height (know the final velocity) 
 2. Hand back to hand (know the time interval) 
 
Need to know height of house.  Estimate it.  Height from floor to ceiling is about 10 ft.  Add 
2 feet for floor above ground and space between first and second floor.  About 22 ft . 
 
Need to know height of hand when ball released.  Estimate it.  About 4 ft from ground. 
 Height of house above release point of ball is about 18 ft. 
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COMMENTARY 
 
Picture and Given Information: 
 

First visualize the events described. 
 
• What are the important objects and what do they do from beginning to end? 

Only the baseball is moving, but its motion is to be compared to the height of the house.  
Your brother tosses the ball straight up.  After the ball leaves his hand, it travels up, but is 
slowing down.  The ball reaches some maximum height, before it begins to fall back down to 
where he can catch it. 

 
• What is a good perspective from which to sketch the motion? 

A side view conveniently shows the position of the ball relative to the height of the house.  
Draw the path of the ball down a little offset from its path up. 

 
• Does the motion of the ball change between the beginning and the end of the described 

motion? 
Yes.  From the instant your brother releases the ball upwards, until the instant just before he 
catches it again, the ball has a constant acceleration down.  That acceleration causes the ball 
to slow down as it travels up and speed up as it travels down.  At the top of its path, the 
instantaneous velocity of the ball is zero but its acceleration is still down.  During the actual 
throwing and catching, the ball experiences different accelerations but these are not relevant. 

 
Question(s): 
 
• What do I need to find out? 

The question is clearly stated in the last sentence.  Find the baseball's highest point.  Is that 
point above the top of the house? 

 
Approach: 
 
• Which general concepts and principles are useful for thinking about this problem?  What 

kind of problem is it? 
Kinematics is a good approach.  How far the ball travels depends on its initial velocity and its 
acceleration and the time of travel.  But the height that it reaches also depends on the height 
from which it is tossed.  The acceleration is constant the entire time that it is in the air.  The 
time that it is in the air depends on from what height it is thrown and at what height it is 
caught again.  It may be useful to break the problem up into 2 time intervals even though the 
motion does not change since you are asked for the height up but are given the total time up 
and down. 
 

• Do I need to assume any information which is not provided in the problem statement? 
Yes.  First I need to estimate the height of a two story house.  The question asks to compare 
the ball's maximum height to the top of the house.  Second, I have to make assumptions 
about the height from which the ball is thrown.  How high the ball gets depends in part on the 
height at which he releases the ball upwards.  Suppose he releases the ball at shoulder height, 
about 4 ft.  It is also important to know where he catches the ball.  An important piece of 
information may be the duration of time for which the ball is in the air.  This is affected by 
the height at which he catches the ball.  For convenience, assume that he catches the ball at 
shoulder height. 
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Summary of Focus the Problem 

When you have brought the problem into 
focus in your mind and when you have made a 
sketch, you have decided upon the essential 
features of the problem.  Moreover, you know 
what you want to find and how you might go 
about finding it from the given information.  If 

this step is completed correctly, you have no 
need to refer to the original problem statement 
again. In the next step of the problem solving 
strategy, you use the ideas, sketch and 
information to construct a physics description 
of the problem, which in turn makes 
determination of a solution easier. 

 
 
 
 
 

Summary of the Physics Problem Solving Strategy 
 
 
 
 
1. Focus the Problem 

• Picture & Given Information 
• Question(s) 
• Approach 

 
2. Describe the Physics 

• Diagrams & Define Physics 
Quantities 

• Target Quantity(ies) 
• Quantitative Relationships 

 

 
3. Plan the Solution 

• Start with equation which has 
target quantity(ies) 

• Identify other unknowns in 
equation 

• Solve a sub-problem for each 
unknown 

• Check Units 
 
4. Execute the Plan 

• Calculate Target Quantity(ies) 
 
5. Evaluate the Answer 

• Is Answer Properly Stated? 
• Is Answer Unreasonable? 
• Is Answer Complete? 
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2.  Describe the Physics 
 

In the second step of solving a problem, 
uses the picture and approach from step 1 to 
reduce the problem situation to its essential 
physics concepts and principles.  This step 
involves drawing a physics diagram, defining 
the target quantity(ies), and describing the 
quantitative relationships that apply to the 
problem. Here you specify the object or 
objects of interest (the system), the times of 
interest, and the positions of interest.  You 
also specify a coordinate system which will 
allow you to define mathematically precise 
physics quantities. 

 
Diagram & Define Quantities 
 The Physics Description reduces the stated 
problem to physics quantities which are 
related by principles that are expressed 
mathematically.  Construct this physical 
representation of the problem by treating the 
real world objects as simplified objects which 
can be characterized by a few physics 
quantities.  Assign unique names to represent 
the values of these important physics 
quantities at important times.  A good diagram 
is the most useful tool in physics problem 
solving because it provides an easily 
understood summary of all the important 
information.  By carefully examining your 
diagram, you can often recognize important 
relationships between quantities that might 
otherwise be missed. 
 Although there are different kinds of 
diagrams, they all share certain characteristics.  
The kind of diagram you use will depend on 
your basic approach to the problem.  For 
example, motion diagrams conveniently 
summarize the important information 
concerning the motion (positions, times, 
velocity, and acceleration) of an object and are 
useful in a kinematics approach.  Free body 
and force diagrams are used for expressing 
information about the interactions of objects 
and the vector nature of that interaction.  They 

are useful in an interaction approach using 
Newtonian force laws.  A good diagram 
always has a conveniently chosen coordinate 
axes, a simple representation of important 
objects, and unique representations of the 
values of the relevant physics quantities of the 
object at important times. 
 A good diagram requires coordinate 
axes.  Coordinate axes provide the reference 
which allows you to express positions and 
vector directions mathematically.  If you 
employ more than one axis, then the axes 
should be at right angles to each other.  Other 
than that, the direction of coordinate axes is a 
matter of your convenience.  You decide 
which directions will serve best as the axes, 
and you can define the origin of the coordinate 
axes as well as the positive direction.  This 
freedom often enables you to simplify 
problems.  For example, suppose there is a 
problem in which a car slides down a twenty 
foot long, icy driveway which is inclined at 10 
degrees to the horizontal.  You wish to find 
the speed of the car at the end of the driveway.  
If you choose axes which are horizontal and 
vertical, then the problem is difficult because 
the car moves along both directions.  On the 
other hand, if you choose an axis which is 
parallel to the driveway then the problem is 
simpler because the motion of the car is 
entirely along that one direction. 

On your diagram important objects 
are represented by simple objects, usually 
points.  More elaborate drawings of the object 
provide no useful physics information and 
may confuse your mind with irrelevant 
information.  All of the relevant information 
concerning an object and its behavior is 
expressed in terms of the interactions of that 
object with its environment, and its velocity 
and acceleration at each position and time.  
For example, in linear kinematics problems, 
any object can be considered to be a point.  
The size of the object, its shape, or its material 
composition are not important.  For rotational 
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motion, on the other hand, the object’s size 
and shape may be crucial. 

The diagram directly expresses all 
useful physics information.  For example, a 
motion diagram shows the physics quantities 
which are relevant to a kinematics description 
of a problem.  In that description, the motion 
of an object is completely determined by its 
position, velocity, and acceleration at each 
instant of time.  In most cases of interest the 
motion of an object at one time (final time) 
can be predicted from a complete description 
of its motion (position, velocity, and 
acceleration) at another time (initial time).  In 
the diagram, the position of an object at the 
different times is indicated by separate points.  
Next to each point, one arrow is drawn to 
indicate the velocity of the object at that 
instant.  Another arrow is used to indicate the 
acceleration of the object at that instant. 

Target Quantity(ies) 
Once you have constructed a simple 

physics diagram, reformulate your original 
question in terms of the physics quantities you 
have defined.  One (or more) of the unknown 
quantities in your description represents the 
information that you think will answer the 
question(s) posed in words in step 1.  Identify 
that unknown by its symbol. 

Quantitative Relationships 
The final feature of the physics 

description is a list of the quantitative 
relationships between the physics quantities 
which are applicable to the problem.  These 
relationships are of two kinds.  First, there are 
basic principles of physics or mathematics, 
which always relate the quantities defined in 
your diagram to each other.  For example, the 
average velocity 

is always the change in position of an object 
divided by the corresponding time interval to 
make that change: vave = ∆x/∆t.  After 
defining the appropriate coordinate axes and 
angles the mathematical expression such as 
sinθ=Vy/V represents another such 
relationship.  The other type of relationship 
which should be included in your physics 
description is often referred to as a 
relationship of constraint.  This relationships 
is only true for the specific situation you are 
considering.  For example, suppose in a 
problem it is stated that the distance traveled 
by a car is twice the distance traveled by a 
truck.  This establishes a relationship of 
constraint between the quantity that represents 
the car's position and the one that represents 
the truck's positions at some specified time.  

In your text you will come across many 
equations.  Only a few of these, those 
corresponding to basic principles and 
definitions, belong in the physics description.  
Whenever you apply fundamental 
relationships to a specific type of problem, 
such as those dealing with freely falling 
objects, you can develop specialized equations 
which are valid only for that problem type.  
Since there are many different types of 
problems, the specialized equations are not 
very useful knowledge, unless you will 
encounter that specific situation over and over 
again in your work.  It is much more practical 
to learn the few fundamental relationships and 
how to apply them to many types of problems.  
Developing the ability to apply fundamental 
knowledge to situations you have never 
encountered before is the aim of this course 
and the emphasis in this booklet. 
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declare a target 
quantity 

state quantitative 
relationships from 

general principles and 
specific constraints 

Plan the 
Solution

Focus the Problem

make sure all symbols 
representing quantities 
shown on diagram(s) 

are defined

construct diagram(s) to 
show important space and 
time relationships of each 

object 

 

Describe the 
Physics  

 
 
 
• What coordinate axes are useful?  Which 

direction should we call positive? 
• Relative to the coordinate axes, where is 

(are) the object(s) for each important time? 
• Relative to the coordinate axes, what is 

(are) the velocity and acceleration for each 
object at each important time? 

• Are other diagrams necessary to represent 
the interactions of each object or the time 
evolution of its state? 

 
• What quantities are needed to define the 

problem mathematically using the 
approach chosen? 

• Which symbols represent known 
quantities? 

 Which symbols represent unknown 
quantities? 

• Are all quantities having different values 
labeled with unique symbols? 

• Does the diagram(s) have all of the 
essential information from the sketch? 

 
 
• Which of the unknowns defined on the 

diagram(s) answers the question? 
 
 
 
 

• What equations represent the general 
principle(s) specified in our approach and 
relate the physics quantities defined in the 
diagram? 

• During what time intervals are those 
relationships either true or useful? 

• Are there any equations that represent 
special conditions that are true for some 
quantities in this problem? 
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Example 3: You are a driver who always obeys posted speed limits.  Late one night you are driving 
on a country highway at 55-mph.  Ahead you see a sign that says, "Curve Ahead  200 
ft, Slow to 35 mph."  You are 30 feet from the sign when you first see it.  You begin to 
apply your brakes at the instant you pass the sign.  You slow your car down at a rate of 
7-mph each second.  As you reach the curve, are you traveling within the posted speed 
limit? 

 
Describe the Physics 

 
Diagram & Define Quantities: 
 
 

  xo ,t o   x f ,t f

+xa a

  vo   v f

 
 
 
 

   

  
 

    
 

 
 

 
 
 
Target Quantity(ies): 
 

 
 
 
 
Quantitative Relationships: 
 
 

Since acceleration is constant, 
 

 instantaneous acceleration equals average acceleration 
 
And 
 

 
 

  
a = 

-7   mph 
s 

  x o = 0   t o = 0 

  v o = 55   mph 

  x f = 200 ft   t f = ?   v f = ? 

  
 a = 

v f − v o 
t f − t o 

= 
v f − v o 

t f 

  
x f = 

1 
2 

a ( ) t f − t o ( ) 
2 

+ v o t f − t o ( ) + x o = 
1 
2 

a ( ) t f ( ) 
2 

+ v o t f ( ) 

  v f = ? 
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COMMENTARY 
 
 
Diagram & Define Physics Quantities: 

For kinematics problems a motion diagram conveniently shows the velocity and acceleration 
of the object at every important position and time.  Every diagram has coordinate axes, with 
the positive direction clearly indicated, as a reference for defining the positions of the object, 
indicated simply by a point (dot), and the orientation of its motion. 

 
• What are convenient coordinate axes? 

In this problem, the velocity of the object is always along one direction, so a suitable 
coordinate system would be along the direction of the velocity (horizontal) with "+" chosen 
to be the direction the object is moving. 

• Relative to the coordinate axis where is the object at important times? 
Important times and positions are where you know the values of important physical 
quantities (velocity and acceleration) of your chosen object, or where you think you may 
need to know their value.  There are two important positions for the car. Call xo the position 
of the car as it passes by the sign, and to the corresponding time.  Call xf the position of the 
car as it enters the curve, and tf the corresponding time.  For convenience take xo to be the 
origin of the coordinate system and to to be the origin of time. 

• Relative to the coordinate axis what is the magnitude and the orientation of the velocity of 
the object at each important point? 

The velocity of the object is parallel to the axis directed to the right.  Because the object is 
slowing down, the velocity is larger at xo than at xf.  Next to each point, add an arrow 
indicating the direction and relative magnitude of the velocity of the object at that point. 

• Relative to the coordinate axis what is the acceleration of the object at each important point? 
The acceleration refers to the change in the velocity.  Since the object is slowing down, the 
change in velocity is negative, (vf - vo) < 0.  Therefore, the acceleration is parallel to the axis 
and points to the left. 

• For which of the defined quantities do you have a numerical value? 
List known values for defined quantities.  Also list which quantities are unknown. 

 
Target : 
• Of the unknowns defined above, for which do you want to determine a value in order to 

answer the question? 
Find the speed of the car as it enters the curve.  That corresponds to vf. 

 
Quantitative Relationships: 
• Which basic physics principles or other relationships of constraint can you use to relate 

known quantities to your target ? 
In every kinematics problem, the only basic principles are the definition of velocity and the 
definition of acceleration.  For the special case of constant acceleration, we will use a 
relationship derived from those basic principles. 

• Are there any conditions which must be satisfied in order for these relationships to be valid? 
Yes, the acceleration must be constant. 
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Example 4: Your younger brother is waiting outside for his friends to come over to play 
baseball.  While he waits, he becomes restless and begins to play catch with 
himself with the 4-oz. baseball.  He makes a vertical toss every 3 seconds.  The 
ball returns to his hand two seconds after he releases it.  Does the ball get as high 
as the top of your two story house? 

 
Describe the Physics 

 
Diagram & Define Quantities: 
 
 
 

g

g g

  yo,to

  t 2

  y1 ,t1

+y

  vo

  v1= 0

  v2

 
 
 
 

 
 
 
 yo = 0    t o = 0     vo =?  

 
 y1 = ?    t1 = ?     v1 = 0  
 
 y2 = yo = 0   t 2 = 3 s    v2 = ?  

 

 
 
yo is shoulder height 
 

 
 
 
Target Quantity(ies): 
 

  y1 =?   Is it greater than or equal to 18 ft? 
 

 
Quantitative Relationships: 
 
 

For constant acceleration 

 
 And 

 

  
g = -32 ft

s2

   
 g = 

v f − v o 
t f − t o 

= 
v f − v o 

t f 

   
y f = 

1 
2 

 g ( ) t f − t o ( ) 
2 

+ vo t f − to( )+ yo =
1
2

 a( ) t f( )2 +vo t f( ) 
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COMMENTARY 
 
 
Diagram & Define Physics Quantities: 

For kinematics problems a motion diagram conveniently shows the velocity and acceleration 
of the object at every important position and time.  Every diagram has coordinate axes as a 
reference for defining the positions of the object, indicated simply by a point (dot), and the 
orientation of its motion. 

 
• What are convenient coordinate axes? 

If that the ball travels straight up and down, a suitable coordinate system would be a vertical 
axis with the upper side of the origin as chosen as the "+" direction. 

• Relative to the coordinate axis where is the object at important times? 
Important times and positions are where you know the velocity and acceleration of your 
chosen object, or where you think you may need to know their value.  Important positions for 
the ball are the positions where it is released, where it is caught, and its highest position. 

• Relative to the coordinate axis what are the magnitude and the orientation of the velocity of 
the object at each important point? 

On its way up the velocity of the ball is parallel to the axis directed upwards.  The magnitude 
of the velocity during this time decreases because the ball is slowing down.  As it falls back 
down, the ball's velocity is parallel to the axis directed downwards.  The magnitude of the 
velocity increases as it falls.  At its highest point, the ball's velocity is zero at that instant.   

• Relative to the coordinate axis what is the acceleration of the object at each important point? 
The acceleration refers to the change in the velocity.  Since the baseball is slowing down on 
the way up, the change in velocity is down or in the negative direction in the chosen 
coordinate system.  That is the direction of the acceleration.  At its highest point, the ball has 
zero velocity at that instant but its acceleration is still down.  As the ball moves downward, it 
speeds up so the direction of the acceleration is still down. 

• For which of the defined quantities do you have a numerical value? 
List known values for defined quantities.  Assume that the ball is released and caught at 
shoulder height, about 4 ft above the ground.  This means the ball must go 18 ft to reach the 
top of the house. 

 
Target : 
• Of the unknowns defined above, which do you want to determine a value for in order to 

answer the question? 
Find the position of the baseball at its highest point.  That corresponds to y1 on the diagram. 

 
Quantitative Relationships: 
• Which basic physics principles or other relationships of constraint can you use to relate 

known quantities to your target? 
In every kinematics problem, the only basic principles are the definition of velocity and the 
definition of acceleration.  For the special case of constant acceleration, we will use a 
relationship derived from those basic principles. 
 

• Are there any conditions which must be satisfied for these relationships to be valid? 
Yes, the acceleration must be constant. 
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Summary of Describe the Physics 
When you have completed the physics 

description, you have reduced the problem to 
its essentials.  You have defined the quantity 
to be found and all of the quantities about 
which useful information is known, or can be 
reasonably assumed.  You have also specified 

the quantitative relationships which link 
unknown quantities to known quantities.  In 
the next step of the problem solving strategy, 
you translate this physics description into a set 
of mathematical equations with a prescription 
of how to use those equations to determine the 
target quantity. 
 

 
 
 
 

Summary of the Physics Problem Solving Strategy 
 
 
1. Focus the Problem 

• Picture & Given Information 
• Question(s) 
• Approach 

 
2. Describe the Physics 

• Diagrams & Define Physics 
Quantities 

• Target Quantity(ies) 
• Quantitative Relationships 

 

 
3. Plan the Solution 

• Start with equation which has 
target quantity(ies) 

• Identify other unknowns in 
equation 

• Solve a sub-problem for each 
unknown 

• Check Units 
 
4. Execute the Plan 

• Calculate Target Quantity(ies) 
 
5. Evaluate the Answer 

• Is Answer Properly Stated? 
• Is Answer Unreasonable? 
• Is Answer Complete? 
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3.  Plan the Solution 

The goal of planning the solution is to use 
the quantitative relationships between the 
quantities defined in the physics description to 
create a set of equations which is sufficient to 
determine the value(s) of the target quantity.  
In the process of creating this set of equations, 
you automatically create a logical chain of 
mathematical operations that will allow you to 
compute a solution to the problem.   

Construct the Solution  
  Always begin with an equation, one of 

your quantitative relationships from the 
Physics Description, which contains the target 
quantity.  This will ensure that your 
mathematical efforts will actually solve the 
problem you want.  After writing this 
equation, examine it to see which quantities 
are known and which are unknown.  It is 
useful to keep a list of the unknown quantities 
as they occur in the equations.  If you only 
have one unknown, the target, then you're 
done.   

Usually there will be more than one 
unknown in this equation.  If you have more 
than one unknown, return to your quantitative 
relationships to write down a different 
equation which contains this new unknown.  
You can consider this the beginning of a new 
problem, a sub-problem.  To solve your 
original problem, you must solve the sub-
problem first.  Solving a sub-problem does not 
require getting a numerical answer.  You only 
need to solve for the sub-problem target 
unknown in terms of unknown quantities 
which have already been addressed earlier in 
the problem plan.   
Check to see if a new equation introduces any 
new unknowns which were not already in 
previous equations.  If so add them to your list 
of unknowns as they occur and solve for each 
unknown as a further sub-problem.  If not then 
combine the equations to determine a value 
for the target unknown.  If other unknowns 

have been introduced, return to your 
quantitative relationships and construct 
different equations containing the new 
unknowns.  And so it goes, until your only 
unknown is the problem’s target or you run 
out of different equations you can construct.  
If you run out of equations, either the problem 
has no solution, one of your unknowns does 
not actually determine the behavior of the 
object and will algebraically cancel out of the 
solution, or your Physics Description is 
incomplete.  Go back and check your picture 
and approach to see if there is some 
information your left out of your Physics 
Description, or if your qualitative physic 
reasoning tells you that one of your unknowns 
is superfluous. 

Remember, the rules of algebra are strict.  
You cannot change the equations so that the 
math works out.  Usually a careless algebra 
error is due to not taking enough time with 
each step.  It happens to everyone.  One 
technique you can use to find such an error is 
to check the units of each term of each step of 
your algebra, starting from where you are and 
tracing back to the beginning. 

Do not waste time plugging in numbers at 
intermediate stages.  Sometimes many 
potential calculations will cancel out in the 
algebra.  Of course it is always useful to put in 
the value of any quantities that are zero.   

 
Check the Units 

After you have an equation in which the 
only unknown is the target quantity, check 
your units to see if you have made a 
mathematical mistake.  If you find your units 
don’t balance, look back through your plan to 
find the mistake and correct it. 

The old adage "You can't add apples and 
oranges." applies here.  All terms which are 
added together (or subtracted) in your 
equation must have the same type of units.  
The earliest step in which this is not true is the 
step where you made your mistake.  For 
example, in the equation: 
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x = a + (bc) + 
de
f   

x, a, (bc), and (de/f) must all have the same 

type of units.  If x is a distance: a, (bc) and 
(de/f) must all have the units of distance (e.g. 
ft, meters, km, mm, inch). 

Calvin and Hobbes / By Bill Watterson 
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Describe the Physics

solve the equation for 
the desired unknown 

and substitute into the 
previous equation

Execute the Plan

are there additional 
unknowns

choose one of the 
quantitative relationships 
which involves the target 

quantity 

solve for the target 
quantity and check the 

units of the result

choose a new equation from 
your quantitative 

relationships which involves 
the new unknown

No

Yes

 

Plan the 
Solution  

 
 
• Which quantitative relationship includes 

the target quantity? 
• For what object does that equation apply? 
• For what time interval does that equation 

apply? 
 
 
 
 
• Are there any unknowns in the equation 

other than the target quantity? 
• Are there any unknowns that cancel out in 

the algebra? 
 
 
• Which quantitative relationship includes 

the unknown quantity? 
• For what object does that equation apply? 
• For what time interval does that equation 

apply? 
• Is this equation different from those 

already used in this problem? 
 
 
 
 

• What unknown is the target of this specific 
equation? 

• Which previous equations have that 
unknown? 

• Are there any quantities that cancel out in 
the algebra? 

 
 
• After all the substitution for unknowns, is 

the only unknown left the target quantity? 
• Are the units the same on both sides of the 

equation? 
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Example 3: You are a driver who always obeys posted speed limits.  Late one night you are 
driving on a country highway at 55-mph.  Ahead you see a sign that says, "Curve 
Ahead 200 ft, Slow to 35 mph."  You are 30 feet from the sign when you first see 
it.  You begin to apply your brakes at the instant you pass the sign.  You slow 
your car down at a rate of 7-mph each second.  As you reach the curve, are you 
traveling within the posted speed limit? 

 
Plan the Solution 

 
Construct the Solution: 
 

               unknowns 
 
Find    v f          v f  

  
−a =

vf −vo

t f
                     [1]    t f  

Find   t f  

  
x f =

1
2

−a( ) t f( )2 +vo t f( )  [2] 

  
0 =

1
2

−a( ) t f( )2 +vo t f( )−x f  

  
t f =

−vo ± vo
2 − 2ax f

−a( )
 

  

−a =
vf −vo

−vo ± vo
2 −2ax f

−a( )

 

 

  
−a

−vo ± vo
2 −2ax f

−a( )
=v f −vo  

 

  
± vo

2 − 2ax f =v f  velocity is + when car reaches the curve 
 

  
vo

2 − 2ax f = vf  
 

 
Check Units 
 

 
  

m
s

 
 

 
 

2
−

m
s2

 
 

 
 

m[ ] =
m
s

 
 

 
 

2
=

m
s

 
 

 
 

 OK 

 
 

+

+

+

+

+
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COMMENTARY 
 
 
 

 
Equation #1: 
 
1) What's a specific equation from your quantitative relationships involving the target quantity?  

 The definition of average acceleration includes the target quantity vf. 
 

2) Are the signs in front of the quantities in the equation consistent with the diagram? 
  Yes.  The acceleration is negative and the initial velocity and final velocity are positive. 
 
3) Are there any additional unknowns in this equation?   

 Yes.  tf is a new unknown.  Finding it is a sub-problem. 
 
 
 

Equation #2: 
 
1) What's a specific equation from your quantitative relationships involving the new unknown?  

For constant acceleration the relationship between acceleration and position includes the 
unknown tf. 

 
2) Are there any unknowns in this equation which do not appear in the previous equation? 
  No!  
 
3) Since there are no additional unknowns, solve the sub-problem.  Solve equation 2 for tf and 

put it into equation 1. 
 
4) Choose the sign which physically agrees with the solution you desire.  The other sign is also a 

physical solution to the problem.  Understand what it represents also.  In this case if the car 
continued to move with a negative acceleration, its velocity would change direction and some 
time later it would return to the sign moving in the negative direction. 

 
 
Check the Units: 
 

• Do additive quantities have the same units? 
 Yes. 
 
• Are the units the same as those expected for the target quantity? 
 Yes. 
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Example 4: Your younger brother is waiting outside for his friends to come over to play 
baseball.  While he waits, he becomes restless and begins to play catch with 
himself with the 4-oz. baseball.  He makes a vertical toss every 3 seconds.  The 
ball returns to his hand two seconds after he releases it.  Does the ball get as high 
as the top of your two story house? 

 
Plan the Solution 

 
Construct the Solution: 

               unknowns 
Find    y1           y1  

  
y1 =

1
2

−g( ) t1( )2 +vo t1( ) [1] motion of ball up   vo ,t1  

Find   t1  

  
− g =

0 −vo
t1

  [2] 

  
t1 =

vo
g

 

 

  
y1 =

1
2

−g( ) vo
g

 

 
  

 
 

2

+vo
vo
g

 

 
  

 
  

 

  
y1 = −

1
2

vo
2

g
+

vo
2

g  
 

  
y1 =

vo
2

2g  
 

Find   vo  

  
0 =

1
2

− g( ) t 2( )2 +vo t 2( ) [3] motion of ball up and back down 
 

  
0 =

1
2

− g( )t 2 +vo  

  
1
2

gt2 = vo  
 

  
y1 =

1
2

gt2
 
 

 
 

2

2g
 

 

  
y1 =

1
8

gt2
2  

Check Units:  
  

m
s2

 
 

 
 

s2[ ]= m[ ]  OK 

-

-

-

-

-

- -

-
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COMMENTARY 
 
Equation #1: 
 
1) What's a specific equation from your quantitative relationships involving the target quantity ?  

For constant acceleration the relationship between acceleration and position includes the 
target quantity y1 if we consider only the motion of the ball from the instant after it 
leaves the hand until it reaches the top of its path. 

2) Are there any additional unknowns in this equation?   
 Yes.  t1 and vo are new unknowns.  Finding them will give rise to sub-problems. 
 
 

Equation #2: 
 
1) What's a specific equation from your quantitative relationships involving one of the new 

unknowns ?  
The definition of average acceleration includes the target quantity t1. We could have 
chosen to solve for vo first but either way is OK.  Since we want t1, we consider the 
motion of the ball from just after it leaves the hand until it reaches the top of its path. 

2) Are there any unknowns in this equation which do not appear in the previous equation? 
  No!  
3) Since there are no additional unknowns, solve the sub-problem.  Solve equation 2 for t1 and 

put it into equation 1.  Some algebra can now simplify equation 1. 
 
 

Equation #3: 
 
1) What's a specific equation from your quantitative relationships involving the other of the new 

unknowns ?  
For constant acceleration the relationship between acceleration and position includes the 
unknown vo if we consider only the motion of the ball from the instant after it leaves the 
hand until just before it reaches the hand again.  Because we are considering a different 
part of the ball’s motion than before, this is a “new” equation. 

2) Are there any unknowns in this equation which do not appear in the previous equation? 
  No!  
3) Since there are no additional unknowns, solve the sub-problem.  Solve equation 3 for vo and 

put it into the results of equation 1 and equation 2.  This determines the target quantity. 
 
 
Check the Units: 
 

• Do additive quantities have the same units? 
 There are no additive quantities this time. 
• Are the units the same as expected from the target quantity? 
 Yes. 
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Summary of Plan the Solution 
 

The purpose of this step of the problem 
solving strategy is to use the quantitative 
relationships from your physics description 
to generate a set of equations that can be 
used to solve for the target quantity.  The 
result of this plan is the logical development 
of a solution which is easy to follow and 
check for mistakes.  The plan requires 
decisions about which relationship to use 
when faced with an unknown quantity.  As 
long as you always use new equations for 
each unknown, you will reach the solution.  
Unlike the world of consumption, in the 
world of physics, recycling a used equation 

is a bad idea.  Reusing an equation adds no 
new information so it cannot give you the 
additional help you need to find a new 
unknown. 

Checking units is important since it will 
save you from the algebraic mistakes that 
everyone makes.  If your solution plan is 
neat and logical, you will usually find your 
mistake. 

So far you have determined what is 
needed to solve the problem quantitatively 
and how to perform that solution, but no 
numerical values have been used.  In the 
next step you will execute the plan in order 
to find a numerical answer to the problem. 

 

 

Summary of the Physics Problem Solving Strategy 
 
 
1. Focus the Problem 

• Picture & Given Information 
• Question(s) 
• Approach 

 
2. Describe the Physics 

• Diagrams & Define Physics 
Quantities 

• Target Quantity(ies) 
• Quantitative Relationships 

 

 
3. Plan the Solution 

• Start with equation which has 
target quantity(ies) 

• Identify other unknowns in 
equation 

• Solve a sub-problem for each 
unknown 

• Check Units 
 
4. Execute the Plan 

• Calculate Target Quantity(ies) 
 
5. Evaluate the Answer 

• Is Answer Properly Stated? 
• Is Answer Unreasonable? 
• Is Answer Complete? 
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4.  Execute the Plan 

By the time you reach this step, most of 
the work has been accomplished.  You have 
gone from a qualitative understanding of the 
problem to an equation which represents the 
mathematical solution to the problem.  The 
next step is to obtain a numerical value for 
your target quantity(ies). 

Calculate the Target Quantity(ies) 
When you finally have reduced the 

problem to a single equation you are ready 
to answer the question raised by that 
problem by calculating a value for the target 
quantity.  Your equation consists of physics 
quantities which have units.  Their value 
depends on their units.  (12 inches is 
certainly different than 12 feet.)  Your final 
calculation will only be meaningful if all of 
the physics quantities are expressed in a 
consistent set of units.   

For example, suppose you want to 
calculate the value of the speed of a child as 
she runs a race with her older brother.  The 
child is given a head start of 20 ft.  Her older 
brother begins at the starting line of a 50 m 
track.  She crosses the finish line in 15 
seconds.  How fast is she running on 
average?  Using the definition of average 
velocity, vave = (xf - x0)/∆t.  ∆t is 15 sec, but 
what values do you put in for xf and x0?  
You would not subtract 20 from 50 because 
the "20" is a number of feet, while the "50" 
is a number of meters.  You must first 
convert the number of feet into its 
equivalent number of meters (or vice versa).   

Treat the units as if they were algebraic 
quantities.  The same units in the numerator 
and the denominator give you 1 (i.e. the 
units cancel). 

feet
 feet  = 1 

But be careful, if you have 

feet + meters
 feet   

You cannot "cancel" the feet.  For the above 
example, your final equation is: 

vave = 
(xf - x0)
(tf - t0)   

vave = 
(50 meters - 20 feet)

15 s   

This equation is completely correct, but you 
cannot extract a useful answer as it stands.  
If you want an answer in m/s, you must 
convert 20 feet to meters.  On the other 
hand, if you want an answer in ft/s, convert 
50 m to feet.  Which expression you use 
depends on which set of units you want for 
your answer. 
 To change the units of a quantity 
without changing it value, you can only 
multiply that quantity by 1.  You can 
express 1 as the ratio of two types of units 
whose denominator is the unit you wish to 
remove and whose numerator is the unit you 
wish to have.  For example, to change a time 
in minutes to one in seconds multiply by 1 = 
(60 s/1 min).  In the runner example, change 
ft to m by multiplying the quantity in ft by 
 1 = (1 m/3.3 ft): 

vave =
(50m − (20ft)(

1m
3.3ft

))

(15s)
 

vave =  
(50 m - 6 m)

15 s   

vave =
44m
15s

= 2.9
m
s
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Evaluate the Solution

Plan the Solution

check that each additive 
term of the solution has the 

same type of units

change additive terms to 
same units by multiplying 
the term to be changed by 
1 expressed as a ratio of 

units

calculate the numerical value 
of the target quantity by 

combining the numbers with 
arithmetic and the units with 

algebra

put in the numerical value 
and units for each quantity in 
your equation for the target 

quantity

convert units as necessary to 
simplify the expression for the 
target quantity in terms of an 
understandable set of units 

and answer the question

No

Yes

Execute 
the Plan 

 
 
 
 
• Which values (numbers with units) from 

the physics description should be put into 
the equation for the target quantity? 

 
 
 
 
 
• Do you need to convert units? 
 
 
 
 
 
 
 
• What ratio of units equals 1? 
 
 
 
 
 
 
• Use a calculator for the numbers and 

algebra for the units. 
• Do any units cancel? 
 
 
 
 
 
 
• Do we need to convert any units? 
• What is the most reasonable set of 

consistent units for this problem? 
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Example 3: You are a driver who always obeys posted speed limits.  Late one night you are 
driving on a country highway at 55-mph.  Ahead you see a sign that says, "Curve 
Ahead  200 ft, Slow to 35 mph."  You are 30 feet from the sign when you first see 
it.  You begin to apply your brakes at the instant you pass the sign.  You slow 
your car down at a rate of 7-mph each second.  As you reach the curve, are you 
traveling within the posted speed limit? 

 
Execute the Plan 

 
Calculate Target Quantity(ies): 
 

vo
2 − 2ax f = v f

55 mi
hr

 
 

 
 

2
− 2 7

mi
hr
sec

 

 

 
 

 

 

 
 

200 ft( ) = v f

3025
mi
hr

 
 

 
 

2
− 2800

mi
hrsec

 
 

 
 ft( ) = v f

3025
mi
hr

 
 

 
 

2
− 2800

mi
hrsec

 
 

 
 ft( ) = v f

3025
mi
hr

 
 

 
 

2
− 2800

mi

hrsec
min

60sec
hr

60min

 

 

 
 

 

 

 
 

ft( ) = v f

3025
mi
hr

 
 

 
 

2
− 2800 3600( ) mi

hr2
 
 

 
 

ft( ) = v f

3025 mi
hr

 
 

 
 

2
− 2800 3600( ) mi

hr2
 
 

 
 

ft( ) mi
5280 ft

 
 
  

 
= v f

3025
mi
hr

 
 

 
 

2
−1909

mi2

hr2
 

 
  

 
 = v f

3025 −1909
mi
hr

 
 

 
 = v f = 33

mi
hr

 

 
You are under the speed limit of 35 mph. 

+

+ -
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COMMENTARY 
 
 
 
 
 
 
Calculate Target Quantity(ies): 
 

 
• Are the additive quantities in the same units? 
 No.  Need to change seconds to hours and feet to miles. 
  1 = (1 min)/(60 s) 
  1 = (1 hr)/(60 min) 
  1 = (5280 ft)/(1 mi) 
 
 Final units are in mi/hr to compare with problem question. 
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Example 4: Your younger brother is waiting outside for his friends to come over to play 
baseball.  While he waits, he becomes restless and begins to play catch with 
himself with the 4-oz. baseball.  He makes a vertical toss every 3 seconds.  The 
ball returns to his hand two seconds after he releases it.  Does the ball get as high 
as the top of your two story house? 

 
 

Execute the Plan 
 
Calculate Target Quantity(ies): 
 

 
 

  
y1 =

1
8

gt2
2  

  
y1 =

1
8

32
ft
s 2

 
 

 
 2s( )2  

 
  y1 =16 ft  

 
 

This is less than the 18 ft needed to reach the top of the house. 

-

-
-



2 - 30 

 
COMMENTARY 

 
 
 
 
 
 
 
Calculate Target Quantity(ies): 
 
 
• Are the known values for different quantities in the final equation expressed in units, 

consistent with the units you want for the target quantity? 
Yes.  You want value of the target quantity to have units of feet.  The acceleration is given in 
ft/s2 and the time is given in seconds. 
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Summary of Execute the Plan 

The result of this step is the 
determination of those unknown quantities 
that you set out to find in the Describe the 

Physics.  Now you have a solution to the 
physics problem.  But is it a good solution?  
Addressing that issue is the aim of the last 
step of the problem solving strategy. 

 

 

 

Summary of the Physics Problem Solving Strategy 
 
 
1. Focus the Problem 

• Picture & Given Information 
• Question(s) 
• Approach 

 
2. Describe the Physics 

• Diagrams & Define Physics 
Quantities 

• Target Quantity(ies) 
• Quantitative Relationships 

 

 
3. Plan the Solution 

• Start with equation which has 
target quantity(ies) 

• Identify other unknowns in 
equation 

• Solve a sub-problem for each 
unknown 

• Check Units 
 
4. Execute the Plan 

• Calculate Target Quantity(ies) 
 
5. Evaluate the Answer 

• Is Answer Properly Stated? 
• Is Answer Unreasonable? 
• Is Answer Complete? 
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5.  Evaluate the Answer 

When you reach this step, you have 
calculated a quantitative solution and 
answered the question posed by the problem.  
You are not quite done since the goal of 
problem solving is to get a correct solution.  
In this final step, you evaluate your work by 
checking your answer and determining if that 
answer actually resolves the original problem.  
The important features of evaluation can be 
summarized in the following three questions: 

Is Answer Properly Stated? 
First, you must make sure that the value 

you write down is clearly and properly 
expressed.  Remember that most physics 
quantities have units.  Check that your 
answer has appropriate units.  For example, a 
quantity which represents a distance or 
position should have units of distance (e.g. 
meters, feet, miles).  Some quantities can be 
either positive or negative.  Make sure that 
you have the proper sign for the value you 
obtained.  Vector quantities are described 
by both a magnitude and a direction.  If 
your answer is a vector, be sure you give both 
its magnitude and direction.  Also, make sure 
that the direction is defined with respect to 
the coordinate system used in your physics 
description. 

 
Is Answer Unreasonable? 
Second, check if the answer you determined 
is unreasonable in either magnitude or 
direction.  If the numerical answer is very 
much larger or much smaller than the value 
you would have expected from how you know 
things work, then you have probably made an 
error in your solution.  For example, cars do 
not travel at 1000 mph and atoms are much 
smaller than 1mm.  If your plan is logical and 
clearly written, you can backtrack and fix the 
mistake.  A common mistake would be 
algebraic or the use of inconsistent units.  It is 
also possible that the mathematics given in 

your plan is correct and your execution of that 
plan is perfect but your application of physics 
is incorrect.  This is actually the most 
common difficulty.  An erroneous physics 
description usually leads to weird answers.  If 
your answer is unreasonable, check your 
physics description.  Are all your quantities 
given unique names?  Do the signs of vector 
quantities agree with your coordinate system?  
Are all relevant interactions represented on 
your diagrams? 

Another way to evaluate your answer is 
to estimate the value it should have using a 
simpler version of the problem.  For example, 
if the question is to determine how far an 
object, accelerating in the same direction as 
the velocity, travels over a certain interval of 
time, you can ask the simpler question, "How 
far would the object travel during that time if 
it were moving at its original speed?"  
Because the object is accelerating, the answer 
to the original problem should be greater than 
the answer to the simpler problem.  
Sometimes a simpler problem results if you 
consider extreme values of some of the 
quantities in your problem.  For example for 
an object moving down an ramp,  it should not 
accelerate if the ramp were horizontal (ramp 
angle equals zero).  On the other hand, the 
motion should be free fall if the ramp were 
vertical (ramp angle equals 90 degrees). 

Is Answer Complete? 
Third, having determined a numerical 

answer which is not unreasonable and is 
properly expressed, you need to ask the 
ultimate question, "Is your answer a solution 
to the problem?"  Sometimes the answer to 
this question is trivial.  For example, a 
problem might ask, "What is the frictional 
force on the car as it begins to move?"  If the 
quantity you have solved for represents the 
frictional force, 
 
then you are done.  However problems often 
require comparisons or judgments.  In these 
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cases the numerical answer simply provides 
the information on which you base your 
judgment.  

Determine whether your numerical value 
resolves the original problem, by quickly read 
what you have written in that Focus the 
Problem step. 
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check that answer 
is properly stated 

A Good Solution

Execute the Plan

check that answer 
is not 

unreasonable 

determine if 
answer is 
complete

review problem solution

OK

unreasonable

 

Evaluate the 
Answer 

 
• Do the units make sense? 
• Do vector quantities have both magnitude 

and direction? 
• If someone else read just your answer, 

would they know what it meant? 
 
 
 

• Does the answer fit with your mental 
picture of the situation? 

• Is the answer the magnitude you would 
expect in this situation? 

• Do you have any knowledge of a similar 
situation that you can compare with to see 
if the answer is reasonable? 

• Can you change the situation (and thus 
your equation for the target quantity) to 
describe a simpler problem to which you 
know the answer?   

 
 
• Is your physics description complete? 
• Are the definitions of your physics 

quantities unique? 
• Do the signs of your physics quantities 

agree with your coordinate system? 
• Can you justify all of the mathematical 

steps in your solution plan? 
• Did you use units in a consistent manner in 

your execution? 
• Is there a calculation mistake in the 

execution? 
 
 
• Have you answered the question from the 

Focus the Problem step? 
• Could someone else read and follow the 

solution plan? 
• Are you sure you can justify each 

mathematical step in the plan? 
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Example 3: You are a driver who always obeys posted speed limits.  Late one night you are 
driving on a country highway at 55 mph.  Ahead you see a sign that says, "Curve 
Ahead  200 ft, Slow to 35 mph."  You are 30 ft from the sign when you first see it.  
You begin to apply your brakes at the instant you pass the sign.  You slow your 
car down at a rate of 7 mph each second.  As you reach the curve, are you 
traveling within the posted speed limit? 

 
 

Evaluate the Answer: 
 
Is Answer Properly Stated? 
 
 

Yes.  A speed has been calculated and the appropriate units are miles/hour.  
The positive sign has been chosen to correspond to the situation. 

 
 
 
 
 
 
 
 
 
 
Is Answer Unreasonable? 
 
 

No.  33 miles/hour is a typical speed for a car on a road.  It is less than your 
initial speed which is reasonable because you are braking. 

 
 
 
 
 
 
Is Answer Complete? 
 
 

Yes.  The car’s speed was compared to the speed limit to answer the question.  
All steps in the plan are justified. 
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COMMENTARY 

 
 
 
 
 
 
 
 
 
Is Answer Properly Stated? 
 

 
• Does the value of the car's velocity include proper units? 
 

Yes, miles/hour corresponds to the units of velocity. 
 

• Does the sign indicate the direction for the car's velocity? 
 

It is clear from the diagram that the velocity should be positive. 
 

 
 
 
 

Is Answer Unreasonable? 
 
• Is the car's velocity unreasonable in magnitude? 

No.  The car's final velocity is less than its initial velocity, and is close to 35 mph.  You have 
direct experience that cars travel at that speed. 

 
 
 
 
Is Answer Complete? 
 
• Does this value of the car's velocity answer the original question? 
 

No, but the question was answered by comparing that value to the speed limit. 
 
• Could someone else read and follow the solution plan?  Can you justify each mathematical 

step in the plan? 
 

Yes, all steps are written down clearly and in a logical progression.  The goal of each new 
equation introduced is given. 
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Example 4: Your younger brother is waiting outside for his friends to come over to play 
baseball.  While he waits, he becomes restless and begins to play catch with himself with the 4 
oz. baseball.  He makes a vertical toss every 3 seconds.  The ball returns to his hand two seconds 
after he releases it.  Does the ball get as high as the top of your two story house? 
 
 

Evaluate the Answer: 
 
Is Answer Properly Stated? 
 
 

Yes.  The position of the ball is calculated in appropriate units, feet.  The 
position is positive . 

 
 
 
 
 
 
 
 
 
 
 
 
 
Is Answer Unreasonable? 
 

No.  A boy could throw a ball 16 feet straight up. 
 
 
 
 
 
 
 
 
 
Is Answer Complete? 
 
 

Yes.  The position is compared to the height of the house. 
All steps of the plan are justified. 
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COMMENTARY 

 
 
 
 
 
 
 
 
Is Answer Properly Stated? 
 
• Does the value of the ball's maximum height include proper units? 
 

Yes.  Feet correspond to units of distance. 
 
• Does the sign indicate the position of the ball's maximum height? 
 

It is clear from the diagram that the sign of y1 should be positive. 
 
 
 
 

 
 

Is Answer Unreasonable? 
 
• Is the ball's maximum height unreasonable? 
 

No.  You have direct experience with people throwing balls. 
 
 
 
 
 
Is Answer Complete? 
 
• Does this value of the ball's height answer the original question? 
 

No, but the comparison with the estimate of the height of a two story house is made. 
 

• Could someone else read and follow the solution plan?  Can you justify each mathematical 
step in the plan? 

 
Yes, all steps are written down clearly and in a logical progression.  The goal of each new 
equation introduced is given. 
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Summary of Evaluate the Answer 
 
The evaluation performed in this step is a 
good way of preventing many mistakes by 
just taking a little bit of time to reflect on 

your answer.  Passing these three checks 
doesn't guarantee that your answer is 
correct, but this step is a very efficient way 
of detecting difficulties. 
 

 

 

Summary of the Physics Problem Solving Strategy 
 
 
1. Focus the Problem 

• Picture & Given Information 
• Question(s) 
• Approach 

 
2. Describe the Physics 

• Diagrams & Define Physics 
Quantities 

• Target Quantity(ies) 
• Quantitative Relationships 

 

 
3. Plan the Solution 

• Start with equation which has 
target quantity(ies) 

• Identify other unknowns in 
equation 

• Solve a sub-problem for each 
unknown 

• Check Units 
 
4. Execute the Plan 

• Calculate Target Quantity(ies) 
 
5. Evaluate the Answer 

• Is Answer Properly Stated? 
• Is Answer Unreasonable? 
• Is Answer Complete? 
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Picture and Given Information 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question(s) 
 
 
 
Approach 
 
 
 
 
 
 
 
 
DESCRIBE the PHYSICS 
Diagram(s) and Define Quantities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Target Quantity(ies) 
 
 
Quantitative Relationships 
 
 
 
 

FOCUS the PROBLEM 
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PLAN the SOLUTION 
Construct Specific Equations 

  EXECUTE the PLAN 
  Calculate Target Quantity(ies) 
 
 
 
 
 
 
 
 
 
 
 
 
  EVALUATE the ANSWER 
  Is Answer Properly Stated? 
 
 
 
 
 
 
  Is Answer Unreasonable? 
 
 
 
 
 
 
  Is Answer Complete? 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
Check Units 
 
 
 
 
 
 
 

  (extra space if needed) 
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Chapter 3 

The Kinematics Approach 
 
Introduction 
 

Problem solving is a complex, cognitive 
skill.  Learning to become a better problem 
solver is similar to learning to become a better 
musician, skier, or chess player.  The most 
important factor in your improvement is 
practicing the right technique.  It is also true 
that your progress is hindered the most by 
practicing using techniques which are not the 
best. 

In any endeavor there are certain basic 
strategies or combination of actions that form 
a foundation for success.  Mastering these 
basics is the prerequisite for developing a 
personal and creative style.  It is the same for 
solving physics problems.  When you "focus 
the problem," you decide which approach or 
basic technique you will use to solve the 
problem.  As you gain more expertise you will 
come to use these techniques in combinations 
which fit your own personality and conceptual 
strengths.  Luckily, there are only a few very 
powerful approaches to solving physics 
problems.  Each centers around a basic 
principle of physics such as kinematics, force, 
or conservation principles.  Your physics 
course is designed to introduce you to these 
few principles and show you some of their 
applications.  That instruction will not be 
repeated here.  Problem solving is the 
mechanism by which you practice applying 
those principles to the real world.  Using these 
principles as approaches within the framework 
of the five-step problem solving strategy will 
make you a better problem solver and help 
solidify your understanding of the principles. 

In order to use an approach effectively, 
you must be able to recognize it is useful to 

solve a particular problem.  Much of this 
knowledge can only be gained through 
experience.  Nevertheless there are some 
general guidelines which are helpful.  This 
booklet briefly describes three approaches 
which you will encounter again and again. 

This chapter discusses one of the three 
approaches to physics problems, kinematics.  
An outline of the approach is given in the first 
section of the chapter. The second section 
briefly describes how to construct a diagram 
which is particularly helpful in constructing a 
solution of problems using a kinematics 
approach.  The third section includes practice 
exercises with sample solutions.  The last 
section presents realistic practice problems 
taken from past exams.   

As with any skill, it is important to begin 
by practicing using the full power of the five 
step strategy on simple exercises where its 
power is not really necessary.  This will build 
up your ability to apply it to more complex 
problems and finally to real world problems. 

 
1.  The Kinematics Approach 
 

The kinematics approach uses the 
concepts of position, time, velocity, and 
acceleration to determine the motion of 
objects.  The relationship of velocity and 
acceleration to position and time is at the heart 
of this approach.  In this approach, you need 
only determine how an object’s position varies 
with time.  The cause of that variation, due to 
the object’s interaction with its environment, 
is not relevant.  There are two fundamental  
kinematics equations that allow you to 
determine the object’s position as a function 
of time: 
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     I.  vr =
dr
dt

 (instantaneous velocity) 

 

 II. ar =
dvr
dt

 (instantaneous acceleration  

 
Here r is a component along the axis of any 
coordinate system  Although these two 
general relations are all you ever need to solve 
a kinematics problem, there is another 
relationship which is made by combining 
them, 

 

ar =  
d
dt  (

dr
dt )   and then integrating twice 

with respect to time from an initial time, to, to 
a final time, tf.  When ar is constant, the result 
is: 

 

III. rf = 
1
2  ar (tf - to)2 + vro (tf - to) + ro  

 
Relationships I and II are fundamental.  
Relationship III is not.  This relationship is 
true for the motion of an object between 
points ONLY when the acceleration of the 
object is CONSTANT between the times you 
have chosen to be the initial and final times. 
 All problems that can be solved using 
the kinematics approach can always be solved 
using only equations I and II.  Equation III can 
be used when it is applicable to shorten the 
amount of mathematics in a problem 
 
2. The Motion Diagram 
 
 If you decide to use a kinematics 
approach to solve a problem, the motion 
diagram becomes your main tool for 
describing the physics.  In this diagram you 
reduce every object to a point at a specified 
position and time.  That point has a unique 
velocity and acceleration, which characterize 
the object, defined at that position and time.  
The position is specified with respect to a 
coordinate system which you choose as 

convenient for the problem.  The object’s 
position, time, velocity, and acceleration is 
drawn on the diagram at every instant of time 
that might be of interest in the context of the 
problem.    Simple examples of motion 
diagrams are given in the four examples of the 
previous chapter. 
 For example, if you are given 
conditions at the beginning of an object’s 
motion and want to find out something about 
its motion at some later time, the initial and 
final times are clearly of interest and should 
be drawn on the motion diagram.  If, in 
addition, the object’s acceleration changes 
between the initial and final time, the time 
when that change occurs is also of interest.  
The object’s position, time, velocity, and 
acceleration should be drawn on your motion 
diagram at the instant of time of the change in 
acceleration.   Your choice of a coordinate 
system can determine how difficult a problem 
is to solve mathematically.  For example, if 
you have a single object in motion, it usually 
simplifies your mathematics to choose a 
coordinate axis in the direction of the object’s 
velocity with the positive direction in the 
direction of that velocity. 
 
3. Practice Textbook Exercises 
 

The exercises listed below are taken from 
various textbooks.  Practice applying the five-
step problem solving strategy to them.  To 
help using the strategy, we include solution 
format sheets at the end of chapter 2.  These 
sheets mark off sections for each of the five 
problem-solving steps.  Each section also 
includes brief prompts for the type of 
information to include in the space provided.  
Make copies of these sheets or sketch your 
own and use them to practice solving both 
simple exercises from your textbook and the 
realistic problems given at the end of this 
chapter.  This will help the strategy become 
second nature to you. 

Sample solutions to the exercises are 
worked out on the solution sheets in the next 
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section of this chapter.  Do not read a solution 
before you have tried to solve the exercises 
yourself.  Your goals should be to understand 
(a) what kind of information belongs in each 
step, and (b) how one step follows naturally 
from the proceeding step and leads logically 
into the next step.  After you have tried to 
solve an exercise, you can check your 
understanding by comparing your solution to 
the sample solution.  When you have resolved 
any differences between the two solutions, go 
on and try to solve the next exercise. 
 When you are confident of your 
technique, apply that technique to the 
exercises (usually called problems) in your 
textbook.  Repetition will help you be 
comfortable with basic problem solving skills 
so that you will not need to think about them.  
You will then be able to concentrate all of 
your thought on the decisions and physics 
necessary to solve a problem.  Be careful that 
you do not practice weak problem solving 
skills.  Practicing a bad technique which only 
works for exercises, will not help you solve 
real problems.  In fact, such practice will only 
make bad habits harder to break and is worse 
than not practicing at all. 
 
Problem #1:  A burglar drops a bag of loot 
from a window in a hotel.  The bag takes 0.15 
seconds to pass the 1.6-m tall window of your 
room as it falls toward the ground.  How far 
above the top of your window is the burglar 
who dropped the bag?  (The bag's initial speed 
is zero.)  (Similar to Fishbane, Gasiorowicz 

and Thornton 1993, problem 2.42) 
 
Exercise #2:  A football player kicks off from 
the 40-yd line.  How far will the ball travel 
before hitting the ground if its initial speed is 
80-ft/s and the ball leaves the ground at an 
angle of 30˚?  (Assume that air resistance can 
be ignored.) (Similar to Fishbane, 
Gasiorowicz and Thornton 1993, example 3-
7) 
 
Exercise #3:  A baseball leaves the bat of 
Henry Aaron with a speed of 34-m/s at an 
angle of 37˚ above the horizontal.  The ball is 
1.2-m off the ground when it leaves the bat.  
To be a home run, the ball must clear a fence 
that is 3.0-m high and 106-m from home plate.  
(a) At what times after being hit will it reach 
the height of the fence? (b) How far from 
home plate will the ball be at these times? (c) 
Will Henry have a home run?  Explain.  
(Similar to Fishbane, Gasiorowicz and 
Thornton 1993, problem 3.31) 
 
Exercise #4:  A powerful rocket moves with 
an acceleration that, for a short period, grows 
with time according to the formula a = αt2.  If 
the rocket is to accelerate from rest in this way 
until it reaches a speed vf, how long must the 
acceleration be maintained?  (Fishbane, 
Gasiorowicz and Thornton 1993, problem 
2.52) 
 



 3 - 4 

 
 
 
Below is information that may be helpful in solving these problems: 
 

Useful Mathematical Relationships: 
 

     

For a right triangle:     sin θ = 
a
c  ,  cos θ = 

b
c  ,  tan θ = 

a
b , 

 a2 + b2 = c2,  sin2 θ + cos2 θ = 1 

            For a circle: C = 2πR , A = πR2 

          For a sphere: A = 4πR2 , V = 
4
3  πR3    

If Ax2 + Bx + C = 0, then  x =   
-B ±  B2 - 4AC

2A   

(
dw
dz∫ )dz = w,  

d
dz

(w)dz = w∫ ,  
d(zn )

dz
= nzn −1 , (zn )dz∫ =

zn+1

n + 1
 (for n≠-1) 

 
Fundamental Concepts and Principles: 
      

vave =
∆r
∆t

 aave =
∆vr
∆t

 

vr =
dr
dt  

ar =
dvr
dt

 

 
Under Certain Conditions: 

        rf = 
1
2  ar (tf - to)2+vro (tf - to)+ ro,   a =  

v2

r
     

 
 
 
 
Useful constants: 1 mile = 5280 ft, g = 9.8 m/s2 = 32 ft/s2  
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4. Practice Exam Problems 
 
The following realistic problems require 

you to sort through information and make 
judgments about what you need to find.  The 
five-step problem solving strategy is the most 
effective way to work through such problems.  
 
 
Problem #1:  You are writing a short 
adventure story for your English class.  In 
your story, two submarines on a secret 
mission need to arrive at a place in the middle 
of the Atlantic ocean at the same time.  They 
start out at the same time from positions 
equally distant from the rendezvous point.  
They travel at different velocities but both go 
in a straight line.  The first submarine travels 
at an average velocity of 20-km/hr for the first 
500-km, 40-km/hr for the second 500-km, 30-
km/hr for the next 500-km and 50-km/hr for 
the final 500-km.  In the plot, the second 
submarine is required to travel at a constant 
velocity, so the captain needs to determine the 
magnitude of that velocity. 
 
Problem #2:  It's a sunny Sunday afternoon, 
about 65˚F, and you are walking around Lake 
Calhoun enjoying the last of the autumn color.  
The sidewalk is crowded with runners and 
walkers.  You notice a runner approaching 
you wearing a tee-shirt with writing on it.  
You read the first two lines, but are unable to 
read the third and final line before he passes.  
You wonder, "Hmm, if he continues around 
the lake, I bet I'll see him again, but I 
anticipate the time when we'll pass again."  
You look at your watch and it is 3:07 p.m.  
You recall the lake is 3.4 miles in 
circumference.  You estimate your walking 
speed at 3 miles per hour and the runner's 
speed to be twice your walking speed. 
 
Problem #3  You are part of a citizen's group 
evaluating the safety of a high school athletic 
program.  To help judge the diving program 
you would like to know how fast a diver hits 
the water in the most complicated dive.  The 
coach has his best diver perform for your 

group.  The diver, after jumping from the high 
board, moves through the air with a constant 
acceleration of 9.8-m/s2.  Later in the dive, 
she passes near a lower diving board which is 
3.0-m above the water. With your trusty stop 
watch, you determine that it took 0.20 seconds 
to enter the water from the time the diver 
passed the lower board.  How fast was she 
going when she hit the water? 
 
Problem #4:  Just for the fun of it, you and a 
friend decide to enter the famous Tour de 
Minnesota bicycle race from Rochester to 
Duluth and then to St. Paul.  You are riding 
along at a comfortable speed of 20-mph when 
you see in your mirror that your friend is 
going to pass you at what you estimate to be a 
constant 30-mph.  You will, of course, take up 
the challenge and accelerate just as she passes 
until you pass her.  If you accelerate at a 
constant 0.25 miles per hour each second until 
you pass her, how long will she be ahead of 
you? 
 
Problem #5:  The University Skydiving Club 
has asked you to plan a stunt for an air show.  
In this stunt, two skydivers will step out of 
opposite sides of a stationary hot air balloon 
5,000 feet above the ground.  The second 
skydiver will leave the balloon 20 seconds 
after the first skydiver but you want them to 
both land on the ground at the same time.  The 
show is planned for a day with no wind so 
assume that all motion is vertical.  To get a 
rough idea of the situation, assume that the 
skydiver will fall with a constant acceleration 
of 32-ft/s2 before the parachute opens.  As 
soon as the parachute is opened, the skydiver 
falls with a constant velocity of 10-ft/s.  If the 
first skydiver waits 3.0 seconds after stepping 
out of the balloon before opening his 
parachute, how long must the second skydiver 
wait after leaving the balloon before opening 
his parachute? 
 
Problem #6:  You are sitting around with a 
friend working physics problems while
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watching Wheel of Fortune on TV.  You know 
that your TV set uses a beam of electrons to 
form the picture on the screen.  You hope the 
presence of this unintentional product of basic 
physics research will inspire your physics 
thought (at least that's what you told your 
roommate).  During a lull in the "action," you 
wonder how long it takes for the electron to 
get from the far end of the 2 1/2 foot long 
picture tube to the screen.  Each electron starts 
essentially at rest from a hot filament at the 
rear of the picture tube and then undergoes a 
constant acceleration in a high voltage region 
of the picture tube.  You guess that this high 
voltage region is the narrow straight section of 
the picture tube, about 2 inches in diameter, 
containing the filament at one end.  This 
straight section is a 1 foot long cylinder before 
the picture tube flares out to match the 21 inch 
screen.  When an electron leaves the high 
voltage region and travels straight to the 
screen, it no longer accelerates.  It makes a 
flash of light when it finally hits the screen.  
Your friend remembers reading that the 
accelerating voltage is 5 kilovolts and that, 
just before it hits the screen, the electron is 
traveling at 1/10 the speed of light.  You wish 
that you could remember the speed of light 
when your roommate comes in and tells you 
that light travels 1 foot per nanosecond and 
"everyone" knows that a nanosecond is 10-9 
seconds.  Now, before Vanna flips the next 
letter, what's the answer? 
 
Problem 7:  While on a vacation to Kenya, 
you visit the port city of Mombassa on the 
Indian Ocean.  On the coast you find an old 
Portuguese fort probably built in the 16th 
century.  Large stone walls rise vertically from 
the shore to protect the fort from cannon fire 
from pirate ships.  Walking around on the 
ramparts, you find the fort's cannons mounted 
such that they fire horizontally out of holes 
near the top of the walls facing the ocean.  
Leaning out of one of these gun holes, you 
drop a rock which hits the ocean 3.0 seconds 
later.  You wonder how close a pirate ship 

would have to sail to the fort to be in range of 
the fort's cannon?  Of course you realize that 
the range depends on the velocity that the 
cannonball leaves the cannon.  That muzzle 
velocity depends, in turn, on how much 
gunpowder was loaded into the cannon. 

(a)  Calculate the muzzle velocity 
necessary to hit a pirate ship 300 meters from 
the base of the fort. 

(b)  (To determine how the muzzle 
velocity must change to hit ships at different 
positions, make a graph of horizontal distance 
traveled by the cannonball (range) before it 
hits the ocean as a function of muzzle velocity 
of the cannonball for this fort. 
 
Problem #8:  You are on the target range 
preparing to shoot a new rifle when it occurs 
to you that you would like to know how fast 
the bullet leaves the gun (the muzzle velocity).  
You bring the rifle up to shoulder level and 
aim it horizontally at the target center.  
Carefully you squeeze off the shot at the target 
which is 300 feet away.  When you collect the 
target you find that your bullet hit 9.0 inches 
below where you aimed.   
 
Problem #9:  Tramping through the snow this 
morning, you were wishing that you were not 
here on your way to this test.  Instead, you 
imagined yourself sitting in the Florida sun 
watching winter league softball.  You have 
had baseball on the brain ever since the Twins 
actually won the World Series.  One of the 
fielders seems very impressive.  As you 
watch, the batter hits a low outside ball when 
it is barely off the ground.  It looks like a 
home run over the left center field wall which 
is 200-ft from home plate.  As soon as the left 
fielder sees the ball being hit, she runs to the 
wall, leaps high, and catches the ball just as it 
barely clears the top of the 10-ft high wall.  
You estimate that the ball left the bat at an 
angle of 30˚.  How much time did the fielder 
have to react to the hit, run to the fence, and 
leap up to make the catch? 
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Problem #10:  Your group has been selected 
to serve on a citizen's panel to evaluate a new 
proposal to search for life on Mars.  On this 
unmanned mission, the lander will leave orbit 
around Mars falling through the atmosphere 
until it reaches 10,000 meters above the 
surface of the planet.  At that time a parachute 
opens and takes the lander down to 500 
meters.  Because of the possibility of very 
strong winds near the surface, the parachute 
detaches from the lander at 500 meters and the 
lander falls freely through the thin Martian 
atmosphere with a constant acceleration of 
0.40g for 1.0 second.  Retrorockets then fire to 
bring the lander to a softly to the surface of 
Mars.  A team of biologists has suggested that 
Martian life might be very fragile and 
decompose quickly in the heat from the 

lander.  They suggest that any search for life 
should begin at least 9 meters from the base of 
the lander.  This biology team has designed a 
probe which is shot from the lander by a 
spring mechanism in the lander 2.0 meters 
above the surface of Mars.  To return the data, 
the probe cannot be more than 11 meters from 
the bottom of the lander.  Combining the data 
acquisition requirements with the biological 
requirements the team designed the probe to 
enter the surface of Mars 10 meters from the 
base of the lander.  For the probe to function 
properly it must impact the surface with a 
velocity of 8.0-m/s at an angle of 30 degrees 
from the vertical.  Can this probe work as 
designed? 
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Chapter 4 

The Dynamics Approach 
 
Introduction 

Dynamics is an approach which describes 
how the motion of an object is changed by its 
interactions with other objects.  The first 
section of this chapter discusses approaches to 
physics problems using concepts of dynamics.  
The second section describes how to use free-
body and force diagrams to describe the 
physics of these problems.  The third section 
includes practice exercises from textbooks, 
with sample solutions.  Finally, the last 
section provides you with practice problems 
from past exams. 
 
1. The Dynamics Approach 

An interaction always involves two 
objects, an object which exerts the force and 
the object on which the force acts.  In 
addition, there are only a few types of 
interactions which occur in nature, and they 
are usually easily identified.  The most 
common types of interactions are either 
contact, gravitational, electric, or magnetic.  
Every interaction results in a force on an 
object in a specified direction which can be 
thought of as either a push or a pull.  In 
summary, any force must be expressible in the 
following statement: 

 
The                 (type of interaction )  
(push/pull ) exerted by the             (object )  
on the                (different object ) . 
 

For example, your weight is the 
gravitational pull exerted by the Earth on you.  
If you make sure that every force can be 
expressed by this general statement it will 
help you identify the forces on an object.  
Even more importantly, it will help you reject 
forces which do not exist. 

The acceleration of an object is related to 
the sum of all of the forces which act on that 
object.  The mass of the object is the factor 
which relates them.  Mathematically speaking:  
∑ F = ma.  The equation states that the 
acceleration (a) of an object, is directly 
proportional to the sum of the forces (∑ F) 
which act on that object.  The mass (m) of that 
object determines how much the acceleration 
changes as ΣF changes.  Note that bold type 
designates vectors.  When you have a problem 
which involves several objects and several 
interactions, remember that the motion of a 
given object is affected only by the forces 
exerted on that object. 

Newton's Third Law gives an important 
relationship between forces acting on the two 
objects involved in some interaction.  
Newton's Third Law states that whenever one 
object (A) exerts a force on another object 
(B), the second object (B) exerts a force of 
equal magnitude on the first object (A), but in 
the opposite direction.  Every force has a third 
law pair which acts on a different object.  As 
an example, consider again the force which 
you call your weight.  Your weight is the 
gravitational pull that the Earth exerts on you.  
The corresponding force, its Third Law pair, 
is the gravitational pull exerted by you on the 
Earth.  Although they are equal in magnitude 
and opposite in direction, such Third Law 
pairs NEVER ADD UP TO ZERO. They 
cannot be added together because each force 
acts on a different object.  The two 
gravitational forces in the example act on 
different objects.  One force acts on you, the 
other force acts on the Earth.  

Sometimes to solve a problem it can be 
useful to combine the approaches of dynamics 
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and kinematics.  For example, if you want to 
determine the subsequent motion of an object 
due to the forces exerted on it, you can use 
forces to determine the object's acceleration.  
Using that acceleration with kinematics, you 
could determine the object's subsequent 
position and velocity.  Conversely, if you can 
describe an object's motion, you can use 
kinematics to determine its acceleration at 
important times.  Using those accelerations 
and dynamics, you could determine the sum of 
the forces acting on that object. 

 
2.  Free-body and Force Diagrams 

Suppose you have made a sketch of the 
problem situation and decided that the best 
approach to solve the problem is to apply 
∑F = ma to a particular system.  The system 
is usually a single object (e.g., a box, a car).  
However, if two or more objects are attached 
and/or move together (e.g., a car and its 
driver), it may be more convenient to define 
the system as all of the objects that are 
moving together. 

To solve the problem, you must determine 
what objects are interacting with the system 
object(s), the type of interaction, and the 
direction and relative magnitudes of the 
resulting forces acting on the system.  Then 
you must represent the forces in a convenient 
way so they can be easily added.  There are 
three drawings that are helpful in this process.  
(1) Your sketch of the problem situation helps 
you identify the most convenient system of 
interest and the objects in the environment 
that interact with that system.  (2) The free-
body diagram isolates the system of interest 
and helps you determine the qualitative 
behavior of that system in terms of the 
direction and relative magnitudes of the forces 
acting on it.  (3) The force diagram represents 
the forces acting on the system of interest as 
mathematical vectors that can be conveniently 
added. 
 
Using Your Sketch 

To determine the forces acting on a 

system, you must first distinguish between the 
object(s) in your system and the objects in the 
system's environment.  Then determine the 
objects in the environment that are actually 
interacting with the system object(s), and the 
type of interaction.  Every force on a system 
requires that an identifiable object in the 
system's environment has an identifiable type 
of interaction with the system in an 
identifiable direction.  If a force really exists, 
it can be described in the following form: 

 
Force A is the (type of interaction) pull or 
push exerted by (an environmental object) 
on the (system object or objects). 
 
For example, one force acting on a ball 

after is thrown up is the gravitational pull 
exerted by the Earth on the ball. 

Use your sketch to choose the  system you 
wish to consider to solve your problem and 
outline it.  Look for two general categories of 
interactions with the object(s) in your system:  
(1) short-range interactions caused by the 
physical contact between the objects in the 
environment and the system object(s), and (2) 
long-range (action-at-a-distance) interactions 
between objects in the environment and the 
system object(s). 

Look along the boundary of your system 
for objects in the environment that touch the 
system.  Only environmental objects that 
actually touch the system can cause contact 
forces.  For example, one type of contact 
interaction occurs when an environmental 
object such as a rope pulls on a system object 
such as a car.  Long-range (action-at-a-
distance) forces are caused by an object in the 
environment that does not have to be touching 
an object in the system, but nevertheless 
interacts with the system.  A common 
example of a long-range interaction is the 
gravitational attraction between a system 
object (e.g., a ball) and an environmental 
object (e.g., the Earth).  When the 
environmental object is a planet (such as the 
Earth), the gravitational force on the system 
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object is called the "weight" of object. 
As an example, consider a problem in 

which two attached boxes are accelerated 
across the floor by the pull of a rope.  Since 
the boxes move together, we can define the 
system as the two boxes. 

Environment 
touches here

System: 
Box 1 & Box 2

12

 
For this system, the floor touches the base 

of the boxes and exerts two types of contact 
forces on the boxes: 

FN1 is the contact push exerted by the floor 
on Box 1 (normal force). 
FN2 is the contact push exerted by the floor 
on Box 2 (normal force). 
Fk1 is the contact push exerted by the floor 
on the Box 1 (kinetic frictional force). 
Fk2 is the contact push exerted by the floor 
on the Box 2 (kinetic frictional force). 

The rope also touches the system: 
P is the contact pull exerted by the rope on 
the boxes (tension force). 

There are also two long-range forces: 
W1 is the gravitational pull exerted by the 
Earth on Box 1 (the weight of the Box 1). 
W2 is the gravitational pull exerted by the 
Earth on Box 2 (the weight of the Box 2). 

This description can be simplified by 
considering the system as a single "object."  
Then 

FN is the contact push exerted by the floor 
on the system (normal force:  FN = FN1 + 
FN2). 
Fk is the contact push exerted by the floor 
on the system (kinetic frictional force:   
Fk = Fk1 + Fk2). 
P is the contact pull exerted by the rope on 

the boxes (tension force). 
W is the gravitational pull of the Earth on 
the system (weight of system:  W = W1 + 
W2). 

If you cannot identify the environmental 
object that is exerting the force on the system 
object(s) and determine the type of 
interaction, then the force does not exist.  For 
example, a proposed "force of motion" acting 
on the accelerating boxes is not a real force 
because it is impossible to identify the specific 
environmental object exerting this proposed 
force, and motion is not a type of interaction. 
 
Drawing a Free-body Diagram 

The next step is to use a diagram to 
represent the qualitative behavior of the 
system.  For force problems, this is achieved 
by representing both the directions and the 
relative magnitudes of the forces acting on a 
system by arrows.  If you drew force vectors 
on your sketch, it would be easy to confuse 
the forces exerted by the environmental 
objects on the system with the forces exerted 
by the system on the environmental objects.  
To avoid this confusion, we will draw "free-
body" diagrams.  First, draw a separate picture 
of only the object(s) in the system.  Now 
instead of drawing the environmental objects 
which are interacting with the system 
object(s), draw arrows representing the forces 
the environ-mental objects exert on the 
system.  Label the force arrows with the same 
symbols you used to describe the forces. 

An example of the free-body diagram for a 
system of two boxes pulled by a rope across 
the floor is shown on the next page.  The 
direction of each force can be determined by 
considering the type of interaction: 

Contact Forces:  When a rope pulls on a 
system, the force is always directed along the 
rope.  When the surface of an environmental 
object is pressed against the system, the 
normal force (push) is always perpendicular to 
the surface of contact.  The kinetic frictional 
force on a system is always parallel to the 
surface in contact with the surface of the 
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environmental object.  Its direction is always 
opposite to the direction that the system 
moves relative to the environmental object. 

 

                  

F k

P

W

 

FN

 
Long-range Forces:  A gravitational 

interaction between a system object and an 
environmental object always results in a force 
on the system object directed towards the 
center of mass of the environmental object. 

To make sure that all appropriate forces 
are included on your diagram with the correct 
qualitative behavior, draw the forces on the 
system where the interaction occurs.  Look at 
the system boundary on your sketch to 
determine the contact interaction points or 
surfaces.  For pushing (e.g., FN and Fk), place 
the head of an arrow representing the force at 
the approximate point or surface where the 
force acts on the system.  For pulling forces 
(e.g., P and W), place the tail of an arrow 
representing the force at the approximate point 
where the force is acting.  For long-range 
(action-at-a-distance) forces (e.g., W), place 
the tail of the arrow at the appropriate center 
of the system (e.g., the center of mass). 

Finally, use your knowledge of how forces 
affect the motion of objects (∑F = ma) to 
determine the relative magnitudes of the 
forces on your system.  Look back at your 
sketch and given information of the problem 
situation (Focus the Problem) to check how 
your system is moving (or how you expect the 
system to move).  You may have to draw a 
motion diagram to determine the direction of 
the acceleration.  Then try to make the length 
of the force arrows representative of the 
relative magnitudes of the forces that would 
be necessary for the system to move as 

expected.  For example, since the system of 
two boxes shown above is not accelerating in 
the vertical direction, the forces in the vertical 
direction (FN and W) should be balanced -- 
equal in magnitude but opposite in direction 
(but remember these two forces are not a third 
law pair).  The boxes are, however, 
accelerating to the right, so the forces in the 
horizontal direction are not balanced.  The 
arrow representing the pull of the rope (P) is 
longer than the arrow representing the 
frictional push of the floor (Fk) on the system. 
 
Drawing a Force Diagram 

The next step is to apply vector 
mathematics using a force diagram.  Now only 
the forces are drawn as vectors originating at 
the origin of a coordinate system.  First draw a 
set of coordinate axes.  It is usually 
convenient to orient one axis in the direction 
of motion and the other axis perpendicular to 
the direction of motion.  Draw the force 
vectors with the tails at the origin of the axes 
and the heads pointing in the appropriate 
directions.  If more than one force acts in the 
same direction, draw the force vectors slightly 
offset from the origin so you can see them. 

The force diagram for the system of two 
boxes pulled by a rope is shown below. 

+y

+xPF k

W

FN

 
You can now apply Newton's Second Law in 
each coordinate direction: 
 ∑ Fx = max  and  ∑ Fy = may 
If one or more forces are at an angle to the 
coordinate axes, use trigonometry to 
determine the components of the forces in the 
x and y directions. 
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EXAMPLE 1:  An explorer in Greenland wants to pull her sled up a hill.  She estimates that 
the hill makes an angle of 15 degrees with the horizontal.  Her loaded sled, which is at rest 
halfway up the hill, weighs 200-lbs.  Before she left on the expedition, she determined that the 
coefficient of static friction between snow and her loaded sled is 0.30, and the coefficient of 
kinetic friction is 0.20.  Her rope is rated for a maximum tension of 100-lbs.  Will she be able 
to pull her sled up the hill? 
Draw a sketch of the problem situation and a free-body and force diagram of the loaded sled.  
Cover the right side of the page and try each step before looking at the answer.   
1.  Make and Use a Sketch:  Draw a sketch 
of the problem situation and then outline with 
a heavy line the system of interest.  Examine 
the system boundary and identify the 
environmental objects that have contact 
interactions with the system.  Identify the 
environmental objects that have long-range 
interactions with the system object(s). 

System: 
sled and load

Environment 
touches here

Earth = long-range 
environmental object

 
2. Identify and Describe the Forces:  
Choose a symbol for each of the forces acting 
on the system caused by either the contact or 
long-range interactions.  Describe in words 
each force, using the following form: 

X is the (type of interaction) pull or 
push exerted by (environmental 
object) on the (system object(s)). 

Contact Forces:   
FN is the contact push exerted by the snow on 
the sled (normal force). 
Fs is the contact push exerted by the snow on 
the sled (static frictional force). 
T is the contact pull exerted by the rope on the 
sled. 

Long-Range Forces:  
W is the gravitational pull exerted by the Earth 
on the sled (weight of sled and load). 

3.  Draw a Free-body Diagram:  Make a 
separate picture of the system.  Draw an 
arrow for each force acting on the system and 
label each arrow with the symbol you used in 
Step 2. Make the length of the force arrows 
representative of the relative magnitudes of 
the forces that would be necessary for the 
system to move as expected. 

 

T
Fs

W

 
NF

 

4.  Draw a Force Diagram:  Draw a 
coordinate system.  It is usually convenient 
to orient one axis in the direction of motion 
and the other axis perpendicular to the 
direction of motion.  Draw each force vector 
originating from the origin of the coordinate 
system. 

+y

+x

T
W

Fs

FN

 



 

4 - 6 

EXAMPLE 2:  You are investigating a train accident that occurred when two empty train 
carriages were being moved to another track.  The engineer stated that the train was traveling 
at 45 miles per hour when he made an emergency stop in 30 seconds.  Your boss suspects a 
faulty coupling between the engine and the first carriage.  She knows you are taking a physics 
course, so she asks you to calculate the force exerted by the engine on the first carriage during 
the emergency stop.  The train manufacturer claims that each carriage weighs 20,000-lbs, and 
the maximum coefficient of kinetic friction between the wheels and the track is 0.55. 
Draw a sketch of the problem situation and a free-body and force diagram of the first carriage.  
Cover the right side of the page below and try each step before looking at the answer. 
1.  Use Your Sketch:  Draw a sketch of the 
problem situation and then outline with a 
heavy line the system of interest.  Examine 
the system boundary and identify the 
environmental objects that have contact 
interactions with the system.  Identify the 
environmental objects that have long-range 
interactions with the system object(s). 

12

a Environment 
touches here

System: 
Carriage #1

Earth = long-range 
environmental object

 
2. Identify and Describe the Forces:  
Choose a symbol for each of the forces acting 
on the system caused by either the contact or 
long-range interactions.  Describe in words 
each force, using the following form: 

X is the (type of interaction) pull or 
push exerted by (environmental 
object) on the (system object(s)). 

Contact Forces:   
FN1 is the contact push exerted by the track on  
carriage #1 (normal force). 
Fk2 is the contact push exerted by the track on  
carriage #1 (kinetic frictional force). 
FE is the contact push exerted by the engine 
on carriage #1. 
F21 is the contact push exerted by carriage #2 
on carriage #1. 

Long-Range Forces: 
W1 is the gravitational pull exerted by the 
Earth on Carriage #1 (weight of the carriage). 

3.  Draw a Free-body Diagram:  Make a 
separate picture of the system.  Draw an 
arrow for each force acting on the system and 
label each arrow with the symbol you used 
above. Make the length of the arrows 
representative of the relative magnitudes of 
the forces that would cause the system to 
move as expected. 

 

ΕF

Fk1

21F

W1
FN1

 

4.  Draw a Force Diagram:  Draw a 
coordinate system.  It is usually convenient 
to orient one axis in the direction of motion 
and the other axis perpendicular to the 
direction of motion.  Draw each force vector 
originating from the origin of the coordinate 
system. 

ΕF

+x

+y

Fk1

21F

W1

FN1
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EXAMPLE 3:  You are investigating a train accident that occurred when two empty train 
carriages were being moved to another track.  The engineer stated that the train was traveling 
at 45 miles per hour when he made an emergency stop in 30 seconds.  Your boss suspects a 
faulty coupling between the engine and the first carriage.  She knows you are taking a physics 
course, so she asks you to calculate the force exerted by the engine on the first carriage during 
the emergency stop.  The train manufacturer claims that each carriage weighs 20,000-lbs, and 
the maximum coefficient of kinetic friction between the wheels and the track is 0.55 when the 
brakes are applied. 
Draw a sketch of the problem situation and a free-body and force diagram of the second 
carriage.  Cover the right side of the page below and try each step before looking at the 
answer. 
1.  Make and Use a Sketch:  Draw a sketch 
of the problem situation and then outline with 
a heavy line the system of interest.  Examine 
the system boundary and identify the 
environmental objects that have contact 
interactions with the system.  Identify the 
environmental objects that have long-range 
interactions with the system object(s). 

12

aEnvironment 
touches here

System: 
Carriage #2

Earth = long-range 
environmental object

 
2. Identify and Describe the Forces:  
Choose a symbol for each of the forces acting 
on the system caused by either the contact or 
long-range interactions.  Describe in words 
each force, using the following form: 

X is the (type of interaction) pull or 
push exerted by (environmental 
object) on the (system object(s)). 

Contact Forces:   
FN2 is the contact push exerted by the track on  
carriage #2 (normal force). 
Fk2 is the contact push exerted by the road on 
t carriage #2 (kinetic frictional force). 
F12 is the contact push exerted by carriage #1 
on carriage #2. 

Long-Range Forces: 
W2 is the gravitational pull exerted by the 
Earth on Carriage #2 (weight of the carriage). 

3.  Draw a Free-body Diagram:  Make a 
separate picture of the system.  Next draw an 
arrow for each force acting on the system and 
label each arrow with the symbol used above.  
Make the length of the arrows representative 
of the relative magnitudes of the forces that 
would be necessary for the system to move as 
expected from the given problem situation. 

12F

Fk2W2
FN2

   
Note:  F12 is the Third Law pair of F21 in 
Example 2, so its arrow is drawn the same length, 
but opposite direction 

4.  Draw a Force Diagram:  Draw a 
coordinate system.  It is usually convenient 
to orient one axis in the direction of motion 
and the other axis perpendicular to the 
direction of motion.  Draw each force vector 
originating from the origin of the coordinate 
system. 

+y

+x
Fk2 W2

12F FN2
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EXAMPLE 4: (try this one on your own!)  You are on your way to the University when your 
car breaks down.  A tow truck weighing 4000-lbs comes along and agrees to tow your car, which 
weighs 2000-lbs, to the nearest service station.  The driver of the truck attaches his cable to your 
car at an angle of 20 degrees to the horizontal.  He tells you that his cable has a strength of 500-
lbs and that he plans to take 15 seconds to tow your car at a constant acceleration from rest in a 
straight line along the flat stretch of freeway until he reaches the speed limit of 55 miles per 
hour.  If rolling friction behaves like kinetic friction, and the coefficient of rolling friction 
between your tires and the road is 0.10, determine if the driver can carry out his plan. 
 
 
3.  Practice Textbook Exercises 
 

The exercises listed below are taken from 
textbooks.  Use the five-step problem solving 
strategy to solve them.  It is the most effective 
way to work through new problems, and it 
will be a useful tool on exam days.  To make 
it easier to practice using the strategy, we have 
included solution format sheets at the end of 
Chapter 2.  These sheets mark off sections for 
each of the five problem-solving steps.  Each 
section also includes brief prompts for the 
type of information to include in the space 
provided.  Make copies of these sheets or 
sketch your own and use them to practice 
solving problems.  This will help the strategy 
become second nature to you. 

Example solutions to the problems are 
worked out on the solution sheets, using the 
problem solving strategy.  Do not read the 
solution before you have tried to solve the 
exercise yourself.  Your goals should be to 
understand (a) what kind of information 
belongs in each step, and (b) how one step 
leads logically into the next.  After you have 
tried to solve an exercise, you can check your 
understanding by comparing your solution to 
the sample solution.  When you have resolved 
any differences between the two solutions, go 
on and try to solve the next exercise. 
 
Exercise #1:  A car exerts a forward force on 
a trailer, and the trailer exerts an equal 
magnitude backward force on the car.   
Construct a force diagram for each vehicle 

and explain what force causes the car to 
accelerate when pulling the trailer.  (Similar to 
Fishbane, Gasiorowicz and Thornton 1993, 
problem 4.29)  
 
Exercise #2:  Consider two blocks connected 
by a horizontal rope.  The pair of blocks are 
being accelerated across a horizontal 
frictionless surface by another rope which is 
attached to one of the blocks and slopes 
upward at some angle θ with respect to the 
horizontal surface.  The blocks have equal 
mass.  Construct force diagrams for each 
block.  (Similar to Fishbane, Gasiorowicz and 
Thornton 1993, problem 4.14) 
 
Exercise #3:  A rope connected to a 50-kg 
sled pulls it along a frictionless sheet of ice.  
The tension in the rope is 100-N and the rope 
is oriented at an angle of 30˚ above a line 
drawn parallel to the ice.  Calculate the 
horizontal acceleration of the sled. (Similar to 
Fishbane, Gasiorowicz and Thornton 1993, 
problem 4.14) 
 
Exercise #4:  Two blocks are connected by a 
cable strung over a pulley, which is mounted 
at the top of an incline.  The 10-kg block 
hangs over the edge of the incline.  The 20-kg 
block rests on the frictionless incline.  The 
"toe" of the incline is at an angle of 37˚ with 
respect to the horizontal.  Find the magnitude 
of the acceleration and the tension in the 
cable.  (Similar to Fishbane, Gasiorowicz and 
Thornton 1993, problem 5.14) 
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Exercise #5:  A 3.0-kg box sits on a 
horizontal surface of your car seat as you 
drive at a speed of 20-m/s.  The coefficient of 
friction between the box and the seat is 0.50.  
You apply the brakes to stop the car.  
Calculate the shortest possible stopping 
distance so that the box does not start to slide 
off the seat.  (Similar to Fishbane, 
Gasiorowicz and Thornton 1993, problem 
5.30) 
 
Exercise #6:  A 20-kg crate sitting on a 
horizontal floor is attached to a rope that pulls 
37˚ above the horizontal.  The coefficient of 
static friction between the crate and the floor 
is 0.50. (a) Construct a force diagram for the 

crate. (b) Determine the least rope tension that 
will cause the crate to start sliding.  (Similar 
to Fishbane, Gasiorowicz and Thornton 1993, 
problem 5.29.) 
 
Exercise #7:  Four ions (Na+, Cl-, Na+ and 
Cl- ) each separated from its neighbors by 3.0 
x 10-10-m are in a row.  The charge of a 
sodium ion is +e and that of a chlorine ion is -
e.  Calculate the force on the chlorine ion at 
the end of the row due to the other three ions.  
(Similar to Fishbane, Gasiorowicz and 
Thornton 1993, problem 22.29) 

 
Below is information that may be useful in solving these problems 
 
Useful Mathematical Relationships: 
 

     

For a right triangle: sin θ = 
a
c  ,  cos θ = 

b
c  ,  tan θ = 

a
b , 

 a2 + b2 = c2,  sin2 θ + cos2 θ = 1 
            For a circle: C = 2πR , A = πR2 

          For a sphere: A = 4πR2 , V = 
4
3  πR3    

If Ax2 + Bx + C = 0, then  x =   
-B ±  B2 - 4AC

2A   

(
dw
dz∫ )dz = w,  

d
dz

(w)dz = w∫ ,  
d(zn )

dz
= nzn −1 , (zn )dz∫ =

zn+1

n + 1
 (for n≠-1) 

 
Fundamental Concepts and Principles: 
 

vave =
∆r
∆t

 aave =
∆vr
∆t  

Σ Fr = mar  

 
vr =

dr
dt  

  ar =
dvr
dt

  

 
Under Certain Conditions: 
 

r f =
1
2

ar tf − to( )2 + vo tf − to( )+ ro
 

 
F = µkFN  

F = G
m1m2

r2  

a =
v2

r  

 
F ≤ µ sFN  

F = ke
q1q2
r2  

 
Useful constants: 1 mile = 5280 ft , g = 9.8 m/s2 = 32 ft/s2 , G = 6.7 x 10-11 N m2/kg2 ,  

ke = 9.0 x 109 N m2/C2 , e = 1.6 x 10-19 C 
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4.  Practice Exam Problems 
 
Problem #1:  You are about to climb up a 
ladder to fix a window on the second floor of 
your friend's house when you suddenly 
wonder what keeps the ladder from falling 
down.  You know that you want to know all of 
the forces acting on the ladder while it is 
leaning against the wall before you get on it. 
(a) Draw a picture of the situation indicating 

all of the forces on the ladder. 
(b) Draw a free body diagram and force 

diagram of the ladder. 
(c) Describe, in words, each of the forces 

acting on the ladder. 
(d) Describe, in words, all forces which are 

related to the forces on the ladder by the 
Third law.  Make sure you indicate which 
pairs of forces are third law pairs. 

(e) Draw another picture of the situation 
indicating all of the forces that the ladder 
exerts on other objects. 

 
Problem #2:  You have been hired to design 
the interior of a special executive express 
elevator for a new office building.  This 
elevator has all the latest safety features and 
will stop with an acceleration of g/3 in case of 
any emergency.  The management would like 
a decorative lamp hanging from the unusually 
high ceiling of the elevator.  You design a 
lamp which has three sections which hang one 
directly below the other.  Each section is 
attached to the previous one by a single thin 
wire which also carries the electric current.  
The lamp is also attached to the ceiling by a 
single wire.  Each section of the lamp weighs 
7.0-N.  Because the idea is to make each 
section appear that it is floating on air without 
support, you want to use the thinnest wire 
possible.  Unfortunately the thinner the wire, 
the weaker it is.  To determine the thinnest 
wire that can be used for each stage of the 
lamp, calculate the force on each wire in case 
of an emergency stop. 
 

Problem #3:  You are taking care of two 
small children, Sarah and Rachel, who are 
twins.  On a nice cold, clear day you decide to 
take them ice skating on Lake of the Isles.  To 
travel across the frozen lake you have Sarah 
hold your hand and Rachel's hand.  The three 
of you form a straight line as you skate, and 
the two children just glide.  Sarah must reach 
up at an angle of 60 degrees to grasp your 
hand but she grabs Rachel's hand horizontally.  
Since the children are twins, they are the same 
height and the same weight, 50-lbs.  To get 
started you accelerate at 2.0-m/s2.  You are 
concerned about the force on the children's 
arms which might cause shoulder damage.  So 
you calculate the force Sarah exerts on 
Rachel's arm, and the force you exert on 
Sarah's other arm.  You assume that the 
frictional forces on the ice skates are 
negligible. 
 
Problem #4:  You are planning to build a log 
cabin in northern Minnesota.  You want to 
pull a 205-kg log up a long smooth hill by 
means of a rope that is parallel to the hill 
surface.  You need to buy a rope for this 
purpose so you need to know how strong the 
rope must be.  Stronger ropes cost more.  The 
hill surface is flat and smooth and at an angle 
of 30 degrees with respect to the horizontal.  
The coefficient of kinetic friction between the 
log and the hill is 0.900.  When pulling the log 
up the hill, you will make sure that its 
acceleration is never more than 0.800-m/s2.  
How strong a rope should you buy? 
 
Problem #5:  After graduating you get a job 
in Northern California.  To move there, you 
rent a truck for all of your possessions.  You 
also decide to take your car with you by 
towing it behind the truck.  The instructions 
you get with the truck tells you that the 
maximum truck weight when fully loaded is 
20,000-lbs and that the towing hitch that you 
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rented has a maximum strength of 1000-lbs.  
Just before you leave, you weigh the fully 
loaded truck and find it to be 15,000-lbs.  At 
the same time you weigh your car and find it 
to weigh 3000-lbs.  You begin to worry if the 
hitch is strong enough.  Then you remember 
that you can push your car and can easily keep 
it moving at a constant velocity.  You know 
that air resistance will increase as the car goes 
faster but from your experience you estimate 
that the sum of the forces due to air resistance 
and friction on the car is not more than 300-
lbs.  If the largest hill you have to go up is 
sloped at 10˚ from the horizontal, what is the 
maximum acceleration you can safely have on 
that hill? 
 
 
Problem #6:  The quarter is almost over so 
you decide to have a party.  To add 
atmosphere to your otherwise drab apartment, 
you decide to decorate with balloons.  You 
buy about fifty and blow them up so that they 
are all sitting on your carpet.  After putting 
most of them up, you decide to play with the 
few balloons left on the floor.  You rub one on 
your sweater and find that it will "stick" to a 
wall.  Aha!  You know immediately that you 
are observing the electric force in action.  
Since it will be some time before you guests 
arrive and you have already made the onion 
dip, you decide to calculate the minimum 
electric force of the wall on the balloon.  You 
know that the air exerts an upward force (the 
buoyant force) on the balloon which makes it 
almost "float".  You measure the weight of the 
balloon minus the buoyant force of the air on 
the balloon to be 0.05-lb.  By reading your 
physics book, you estimate that the coefficient 
of static friction between the wall and the 
balloon (rubber and concrete) is 0.80.  Use the 
Focus the Problem and Describe the Physics 
sections of the solution sheets.  
 
 
 

Problem #7:  While working in a university 
research laboratory you are given the job of 
testing a new device, called an electrostatic 
scale, for precisely measuring the weight of 
small objects.  The device is quite simple.  It 
consists of two very light but strong strings 
attached to a support so that they hang straight 
down.  an object is attached to the other end of 
the string.  One of the objects has a very 
accurately known weight while the other 
object is the unknown.  A power supply is 
slowly turned on to give each object an 
electric charge which causes the objects to 
slowly move away from each other (repel) 
because of the electric force.  When the power 
supply is kept at its operating value, the 
objects come to rest at the same horizontal 
level.  At that point, each of the strings 
supporting them makes a different angle with 
the vertical and the angle is measured.  To test 
the device, you want to calculate the weight of 
an unknown sphere from the measured angles 
the weight of a known sphere.  You use a 
standard sphere with a known weight of 2.0-N 
supported by a string which makes an angle of 
10.0˚ with the vertical.  The unknown sphere's 
string makes an angle of 20.0˚ with the 
vertical. 
 
Problem #8:  Finally you leave Minneapolis 
to get in a few days of spring break but your 
car breaks down in the middle of nowhere.  A 
tow truck weighing 4000-lbs comes along and 
agrees to tow your car, which weighs 2000-
lbs, to the nearest town.  The driver of the 
truck attaches his cable to your car at an angle 
of 20˚ to the horizontal.  He tells you that his 
cable has a strength of 500-lbs and that he 
plans to take 10 seconds to tow your car at a 
constant acceleration from rest in a straight 
line along the flat road until he reaches the 
speed limit of 45 miles per hour.  If rolling 
friction behaves like kinetic friction, and the 
coefficient of rolling friction between your 
tires and the road is 0.10, determine if the 
driver can carry out his plan. 



 

4 - 26 

 
Problem #9:  While visiting a friend in San 
Francisco you decide to drive around the city.  
You turn a corner and are suddenly going up a 
steep hill.  Suddenly, a small boy runs out on 
the street chasing a ball.  You slam on the 
brakes and skid to a stop leaving a 50 foot 
long skid mark on the street.  The boy calmly 
walks away but a policeman watching from 
the sidewalk walks over and gives you a ticket 
for speeding.  You are still shaking from the 
experience when he points out that the speed 
limit on this street is 25-mph.  After you 
recover your wits, you examine the situation 
more closely.  You determine that the street 
makes an angle of 20˚ with the horizontal and 
that the coefficient of static friction between 
your tires and the street is 0.80.  You also find 
that the coefficient of kinetic friction between 
your tires and the street is 0.60.  Your car's 
information book tells you that the mass of 
your car is 1570-kg.  You weigh 130-lbs.  
Witnesses say that the boy had a weight of 
about 60-lbs and took 3.0 seconds to cross the 
15 foot wide street.  Will you fight the ticket 
in court? 

Problem #10:  One morning while waiting for 
class to begin you are reading a newspaper 
article about airplane safety.  This article 
emphasizes the role of metal fatigue in recent 
accidents.  Metal fatigue results from the 
flexing of airframe parts in response to the 
forces on the plane especially during take off 
and landings.  As an example, the reporter 
uses a plane with a take off weight of 
200,000-lbs and take off speed of 200-mph 
which climbs at an angle of 30˚ with a 
constant acceleration to reach its cruising 
altitude of 30,000 feet with a speed of 500-
mph.  The 3 jet engines provide a forward 
thrust of 240,000-lbs by pushing air 
backwards.  The article then goes on to 
explain that a plane can fly because the air 
exerts an upward force on the wings 
perpendicular to their surface called "lift".  
You know that air resistance is also a very 
important force on a plane and is in the 
direction opposite to the velocity of the plane.  
The article tells you this force is called the 
"drag".  Although the reporter writes that 
some metal fatigue is primarily caused by the 
lift and some by the drag, she never tells you 
their size for her example plane.  Luckily the 
article contains enough information to 
calculate them, so you do. 
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Chapter 5 

The Conservation Approach 

 
Introduction 
 

Usually the difficulty in solving a problem 
is not in the calculations, but in deciding upon 
an appropriate approach by which to plan the 
solution.  Most of the problems you will 
encounter can, in principle, be solved using a 
combination of kinematics and dynamics, but 
many times this approach leads to a long, 
convoluted, and difficult plan.  Conservation 
principles provide an alternative approach and 
are a powerful tool in solving physics 
problems, especially when the details of the 
interaction between objects are not of interest. 

The search for conserved quantities to 
model nature is one of the primary concerns of 
physics.  Simply put, a conserved quantity is 
one for which you can set up an accounting 
procedure.  Once you have chosen a system, 
the change in the amount of a conserved 
quantity in your system is always equal to the 
amount of that quantity that was transferred 
into your system from the environment or out 
of the system to the environment.  If your 
system is isolated so that it does not interact 
with its environment, then the amount of a 
conserved quantity in the system can not 
change.  Conserved quantities that you will 
use in this course include mass, charge, 
energy, momentum, and angular momentum. 
If X represents any conserved quantity for a 
system, the mathematical expression of the 
conservation of that quantity over a time 
interval between some initial time and some 
final time is: 

 
Xf - Xi = Xinput - Xoutput 

where Xf is the amount of X in the system at 

the final time, Xi is the amount at the initial 
time, Xinput is the amount that comes into the 
system from the environment during that time 
interval, and Xoutput is the amount that leaves 
the system to the environment during that time 
interval.  This conservation equation can be 
written more compactly as: 

 
∆Xsystem = ∆Xtransferred. 

 
As with dynamics, it is critical to identify the 
system of interest, and as with kinematics, it is 
critical to identify the most useful initial and 
final times.   

The first section of this chapter illustrates 
the use of conservation principles by 
describing how to use an energy conservation 
approach.  This section concludes with some 
brief remarks about using the momentum 
conservation approach.  The second section 
includes practice exercises from textbooks 
with sample solutions.  The last section 
includes realistic practice problems from past 
exams. 
 
The Energy Conservation Approach 

 
Many common problems have situations 

that are best suited to an energy conservation 
approach.  For example, when the motion or 
the interactions of the system are quite 
complicated, important information about the 
system may be calculated without needing to 
know the details.  No matter what happens, 
energy is always conserved.  Unfortunately, 
in some cases you don’t have 
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enough information to account for all of the 
energy, so that an energy conservation  
approach is not useful.  Since energy is a 
scalar, results which depend on directions 
usually must be calculated using approaches 
which involve vector quantities such as 
kinematics, dynamics or another conserved 
quantity,  momentum.  

The example problem on the opposite 
page illustrates how to use an energy 
conservation approach.  A complete solution 
is given later in this chapter (pages 5-20 & 5-
21) together with several other examples. 

 
Focus on the Problem 

 
The first step in solving any problem is to 

draw a useful sketch of the situation.  To use 
energy conservation, it is important that the 
sketch clearly show the initial and final states 
of the system and any interactions of the 
system with the environment.  This sketch 
aids in sorting out the interactions of 
important objects so that you can decide 
which system to consider and what constitutes 
its initial and final state.  In your sketch, 
include all energy transfers that affect the 
system.  Also, include all of the relevant 
information given in the problem. 

For the skier problem, we have chosen to 
draw a side view of the hill.  This allows us to 
visualize the slope of the hill and the distance 
traveled by the skier.  The sketch shows all of 
the relevant information including all of the 
forces on the skier.  Some of this information 
might be superfluous to the problem solution, 
but since we will use the sketch to decide on 
the approach, it must contain everything that 
might be useful.   

After determining the question, the next 
step is to decide how to approach the problem.  
We could use dynamics and kinematics to 
solve the skier problem.  That would 
necessitate using forces to find the 
acceleration up the slope.  The acceleration 
that results from those forces can then be used 

to find the final velocity of the skier at the top 
of the hill.   

For this problem, it seems simpler to use 
conservation of energy.  The skier moves up a 
hill with increasing speed.  The skier’s kinetic 
energy increases.  The energy of the system 
increases because energy is being transferred 
into the system by its interaction with the 
rope.  Energy is also being transferred out of 
the system by the frictional interaction with 
the snow and air resistance from the wind.  
The skier also interacts with the Earth via the 
gravitational force.  If we include the Earth in 
the system, the Earth-skier system increases 
its gravitational potential energy.  If we do not 
include the Earth in the system, the 
gravitational interaction causes another energy 
output from the skier. 

Before choosing a system, you need to 
determine the important physical objects and 
how they interact .  Your system might consist 
of some combination of those objects.  In our 
example, the skier, the hill, the rope and the 
Earth are important interacting objects.  A 
system is only useful if you are able to 
determine the initial amount of energy (initial 
energy state) of that system and the final 
amount of energy (final energy state) of that 
system.  In addition you must be able to 
account for all energy transfer to or from that 
system between the initial and final times.   
 
Energy Diagram 
 

An energy diagram is very helpful to make 
sure that the system you choose is useful.  
Since we want to know the final speed of the 
skier, we will first consider the skier as our 
system.  [Note:  This is not the system shown 
in the example solution.  That system will be 
discussed later in this section.]  If the skier is 
the system, energy is then transferred by 
interactions with the Earth, the rope, the snow, 
and the air. 

In addition to specifying a system, we 
must also specify the time interval of interest.  
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Now you are ready to determine the initial and 
final states of the system.  For our example, it 
would be best to take the initial time to be the 
instant after the skier starts getting pulled up 
hill.  Again, since we want to determine the 
speed of the skier at the top of the hill, the 
final time should be the instant the skier gets 
to the top of the 328-ft long the slope.  Since 
the system is a single object, its energy state is 
quite simple (we ignore internal energy for the 
moment) -- the skier only has kinetic energy. 

With the skier as our system, we must look 
at all of its energy transfers, inputs and 
outputs.  Any force with a component in the 
direction of motion is the source of an energy 
input.  The contact pull of the tow rope on the 

skier is the only force in the direction of 
motion.  Therefore, it is the only energy input 
source from the environment.  The frictional 
force of the snow and the air on the skier is 
opposite to the direction of the skier's motion.  
Consequently, this combination of forces 
causes an energy transfer out of the system to 
the environment.  There is also another 
interaction with the environment that transfers 
energy from the system.  The gravitational 
pull of the Earth on the skier (skier's weight) 
has a component in the direction opposite to 
the skier's motion.  The energy diagram for 
the skier as the system is shown below with 
the coordinate system chosen to have one axis 
along the direction of motion. 
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Let us go back to the skier problem and 

choose a different system so that the 
gravitational force is not an external force and, 
therefore, can not transfer energy out of the 
system.  Since the Earth is the object which is 
exerting that force on the skier, let us consider 
the Earth and the skier as our new system.   
Instead of an external gravitational force 
transferring energy from the skier, we now 
have a gravitational potential energy (GPE) of 
the Earth-skier system, which increases as the 
skier goes up the hill.  Although the Earth is in 
the system from the gravitational point of 
view, we will still choose the snow on the hill 

and the air as external to the system.  The tow 
rope, snow, and air still exert external forces 
which cause energy transfers to and from the 
system.  You can now choose your y-axis to 
be vertical with its origin at the skiers initial 
elevation.  Then, since GPEi = mgyo, our 
system has no initial gravitational potential 
energy.  The system does have a final 
gravitational potential energy.  The energy 
diagram for this system is shown on page 5-2 
and in the complete solution later in the 
chapter (page 5-20). 

As our example shows, the energy terms 
for the system depend on how you choose 



  5 - 5 

your system.  If an interaction is between an 
object in your system and an object in the 
environment, that interaction gives rise to an 
energy transfer.  If you know the force, the 
energy transfer is just   

r 
F • d

r 
l ∫  (work).  If an 

interaction is between two objects in your 
system, there is no energy transfer.  There 
may be a change in the type of energy in the 
system such as potential energy or internal 
energy.  It is vital that all of your energy terms 
are consistent with whatever system you 
choose. 

The most convenient coordinate system 
may also depend on the system of objects for 
which you are determining the energy.  With 
the skier as the system we chose a coordinate 
system with an axis along the direction of 
motion.  With the Earth-skier system, a 
vertical axis was chosen to effectively show 
that the skier moved away from the center of 
the Earth and gained gravitational potential 
energy. 
 
Quantitative Relationships 
 

Next you need to write down the 
appropriate conservation relationship.  In this 
case conservation of energy: 
 

Efinal - Einitial = Einput- Eoutput. 
 
Identify each form of energy present in your 
system.  These terms can be kinetic energy, 
gravitational potential energy, spring potential 
energy, internal energy, etc.  The object of this 
section is to write down only those specific 
equations applicable to your system using the 
approach you have selected. 

For the skier problem, you can choose the 
skier as the system and the energy terms are 
given with the energy diagram on page 5-4.  
The system’s energy is only kinetic and there 
is energy transferred to or from that system by 
all of the forces in the problem except the 
normal force.  The normal force cannot 

transfer any energy to the system since it is 
perpendicular to the direction of motion of the 
skier.  If you choose the Earth-skier system, 
the energy terms are shown on page 5-20.  
The environment still interacts with our 
system via the tow rope, the snow, and the air.  
As before, the system (skier and Earth) loses 
energy to the environment through the 
interaction (frictional) with the snow (and air) 
and gains energy through the interaction with 
the rope.  Now some of that energy transfer 
goes into increasing the gravitational potential 
energy of the system as well as its kinetic 
energy.  The skier-Earth system will increase 
in kinetic energy (accelerate) up the hill only 
if the energy input is greater than the sum of 
the energy output and the potential energy 
increase. 

One might wonder how we can have the 
Earth in our system yet claim that the 
frictional interaction of the snow is taking 
energy from the system.  Certainly, the snow 
is on the Earth.  The "Earth" in our system is 
only that part which exerts the gravitational 
force.  The snow is not a factor in determining 
gravitational potential energy and so we 
choose to consider it outside of our system.  If 
the snow were to be taken as part of the 
system, there would be no energy transfer by 
the frictional force.  Instead, the effect of that 
force would be to change the internal energy 
of the system by heating up the surface of the 
skis and the snow.  Since we do not have any 
information about this internal energy change 
(typically a change of temperature) it is not 
useful to include the snow in the system. 

 
Plan the Solution 
 

If you have constructed good energy 
diagrams and written down the energy terms 
which correspond to them, the mathematical 
plan of the solution should be very straight 
forward.  Sometimes in conservation problems 
the mass of your system is an unknown and 
you may get one fewer equation than the 
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number of unknowns.  At a first glance this 
may seem like an unsolvable situation but, if 
each energy term depends on that unknown 
mass, the mass will cancel out of the 
conservation of energy equation.  So, if you 
are faced with a problem where mass is an 
unknown, determine if each energy term is 
mass dependent.  If each term is mass 
dependent, enter into the plan confident that 
the mass will cancel out.  This is also true for 
dynamics problems where each force term 
depends on the mass of the object being 
accelerated. 
 
The Momentum Conservation Approach 

 
In some sense, using the momentum 

conservation approach can be even easier than 
using energy conservation.  As with energy, 
momentum is always conserved no matter 
what the situation.  With momentum there are 
no terms corresponding to potential energy or 
internal energy so deciding on your system is 
somewhat less complicated.  In addition, an 
external force always transfers momentum to 
the system in the direction of that force, 

  
r 
p transfer =

r 
F  dt∫ .  This should be contrasted 

with the energy approach where energy is 
transferred to the system only by the 
component of external force along the 
direction of motion.  A force perpendicular to 
the direction of motion of a system does not 
transfer any energy but does transfer 
momentum to that system. 

 
 
 
 
 
 
 
 
 
 
 

 
The one complication with using the 

momentum approach is that momentum is a 
vector quantity.  That means that each 
component of momentum is conserved 
independently of the other components.   

 
 px final - px initial = px input- px output 
and 
 py final - py initial = py input- py output 
and 
 pz final - pz initial = pz input- pz output. 

 
Choosing a convenient coordinate system can 
be important in keeping your mathematical 
plan simple and your calculations short. 

In some problems it is useful to break the 
situation up into separate time intervals.  
During one interval it may be most useful to 
use conservation of energy, during another 
conservation of momentum, and during a third 
both the conservation of energy and 
conservation of momentum.  The decision on 
which approach to use during which time 
interval depends on whether or not you have 
enough information to determine all of the 
energy terms or momentum terms in the 
conservation equations. 
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2.  Practice Textbook Exercises 
 

The exercises listed below are taken from 
textbooks.  Use the five-step problem solving 
strategy to solve them.  It is the most effective 
way to work through new problems, and it 
will be a useful tool on exam days.  To make 
it easier to practice using the strategy, we have 
included solution format sheets at the end of 
Chapter 2.  These sheets mark off sections for 
each of the five problem-solving steps.  Each 
section also includes brief prompts for the 
type of information to include in the space 
provided.  Make copies of these sheets or 
sketch your own and use them to practice 
solving problems.  This will help the strategy 
become second nature to you. 

Example solutions to the problems are 
worked out on the solution sheets, using the 
problem solving strategy.  Do not read the 
solution before you have tried to solve the 
exercise yourself.  Your goals should be to 
understand (a) what kind of information 
belongs in each step, and (b) how one step 
leads logically into the next.  After you have 
tried to solve an exercise, you can check your 
understanding by comparing your solution to 
the sample solution.  When you have resolved 
any differences between the two solutions, go 
on and try to solve the next exercise. 

 
Exercise #1:  A 1200-kg elevator must be 
lifted by a cable that causes the elevator's 
speed to increase from zero to 4.0-m/s in a 
vertical distance of 6.0-m. Calculate the cable 
tension needed. (Similar to Fishbane, 
Gasiorowicz and Thornton 1993, example 6-
1) 
 
Exercise #2:  A 0.20-kg egg is dropped from 
a ladder a vertical distance of 4.0-m.  The egg 
will break if subjected to an impulse force 
greater than 80-N. Over what minimum 
distance must a constant force be exerted to 
avoid breaking the egg? (Similar to Fishbane, 
Gasiorowicz and Thornton 1993, problem 6.9) 

Exercise #3:  Show that the minimum 
distance needed to stop a car traveling at 
speed v on a level road is v2 /2µg, where µ is 
the coefficient of friction between the car and 
the road and g is the acceleration of gravity.  
(Similar to Fishbane, Gasiorowicz and 
Thornton 1993, problem 5.20.) 
 
Exercise #4:  You are a driver who always 
obeys posted speed limits.  Late one night you 
are driving on a country highway at 55-mph.  
Ahead you see a sign that says, "Curve Ahead 
200 feet, Slow to 35 mph."  You are 30 feet 
from the sign when you first see it.  You begin 
to apply your breaks at the instant you pass 
the sign.  You slow your car down at a rate of 
7-mph each second.  As you reach the curve, 
are you traveling within the posted speed 
limit?  (Note:  This is the same problem that 
was solved using kinematics as an example in 
Chapter 2.) 
 
Exercise #5:  A water slide is 42-m long and 
has a vertical drop of 12-m.  If a 60-kg person 
starts down the slide with a speed of 3.0-m/s, 
calculate his or her speed at the bottom. A 
120-N average friction force opposes the 
motion. (Similar to Fishbane, Gasiorowicz 
and Thornton 1993, problem 6.63) 
 
Exercise #6:  Every winter you hold an 
annual ski party.  Most of your friends are 
good skiers and can handle the tow rope 
which is used to go from the lodge to the first 
chair lift.  The tow rope is somewhat unusual 
in that it pulls skiers with a constant force 
rather than pulling them at a constant speed.  
One of your friends, who weighs 176 pounds, 
usually loses his balance when a tow rope 
pulls him faster than 5.0-mph.  This tow rope 
pulls people up a 12 degree hill that is 328-ft 
long. The tow rope exerts a 62-lb force on the 
skier, and the 4.0-mph wind together with the 
sticky snow exert a 25-lb force that opposes 
motion up the hill. Will your friend fall? 
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Exercise #7:  A 1200-kg car traveling south at 
24-m/s collides with and attaches itself to a 
2000-kg truck traveling east at 16-m/s.  
Calculate the velocity (magnitude and 
direction) of the two vehicles when locked 
together after the collision. (Similar to 
Fishbane, Gasiorowicz and Thornton 1993, 
example 8-5) 
 
Exercise #8:  A billiard ball at rest is hit head-
on by a second billiard ball moving 1.5-m/s 
toward the east.  If the collision is elastic and 
we ignore rotational motion, calculate the 
final speed of each ball.  (Based on Fishbane, 
Gasiorowicz and Thornton 1993, example 8-
8) 
 
Exercise #9:  An 80-g arrow moving at 80-
m/s hits embeds itself in a 10-kg block resting 
on ice.  How far does the block slide on the 
ice following the collision if it is opposed by a 
9.2-N force? (Similar to Fishbane, 
Gasiorowicz and Thornton 1993, example 8-
7) 
 
Exercise #10:  A student shot a 10-g spitball 
in class.  The spitball hit and stuck to a 100-g 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
scale model of the moon that was right in 
front of the teacher.  The model was hanging 
from the ceiling by a 1.5-ft string.  The 
spitball covered the 4.0-m between the student 
and the model in 0.40 seconds. The teacher 
has the ability to notice vertical displacements 
of more than 2-cm.  Could the teacher have 
noticed the vertical movement of the model?  
(Similar to Fishbane, Gasiorowicz and 
Thornton 1993, problem 8.28) 
 
Exercise #11:  A spring gun is made by 
compressing a spring (assumed to be perfect) 
and latching it.  A spring of constant k = 40-
N/m is used, and the latch is located at a 
distance of 5.0-cm from equilibrium. The 
pellets have mass 5.0-g.  What is the muzzle 
velocity of the gun?  (Fishbane, Gasiorowicz 
and Thornton 1993, problem 6.32) 
 
 
The next page gives information that may be 
helpful in solving these exercises. 
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Useful Mathematical Relationships: 
 

     

For a right triangle: sin θ = 
a
c  ,  cos θ = 

b
c  ,  tan θ = 

a
b , 

 a2 + b2 = c2,  sin2 θ + cos2 θ = 1 
            For a circle: C = 2πR , A = πR2 

          For a sphere: A = 4πR2 , V = 
4
3  πR3    

If Ax2 + Bx + C = 0, then  x =   
-B ±  B2 - 4AC

2A   

(
dw
dz∫ )dz = w ,  

d
dz

(w)dz = w∫ ,  
d(zn )

dz
= nzn −1 , (zn )dz∫ =

zn+1

n + 1
(for n≠-1) 

 
Fundamental Concepts and Principles: 
 
 
vave =

∆r
∆t

 vr =
dr
dt  

aave =
∆vr
∆t

 ar =
dvr
dt

 

Σ Fr = mar 
 

∆Esystem = 
∆Etransfer 

KE =
1
2

mv2   Etransfer =
r 
F • d

r 
l ∫  

∆pr system = ∆pr transfer pr = mvr
 

pr transfer = Σ Fr ∆t  I = 
∆q
∆t   

V =
PE
q  

   

 
 
Under Certain Conditions: 
 
rf =

1
2

ar tf − to( )2 + vo tf − to( )+ ro a =
v2

r  
 

F = G
m1m2

r2  F = ke
q1q2
r2  

F ≤ µ sFN  F = µkFN  F = k∆x PE = mgy 

PE =
1
2

kx2  PE = −G
m1m2

r
PE = ke

q1q2
r

 R =
ρL
A  

V = IR P = IV ∆Einternal = c m ∆T ∆Einternal = m L
  

 
Useful constants: 1 mile = 5280 ft, RE = 4000 miles, g = 9.8 m/s2 = 32 ft/s2,  
 G = 6.7 x 10-11 N m2/kg2 , ke = 9.0 x 109 N m2/C2 , e = 1.6 x 10-19 C 
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3. Practice Exam Problems 
 
Problem #1: You are watching a National 
Geographic Special on television. One 
segment of the program is about archer fish, 
which inhabit streams in southeast Asia.  This 
fish actually "shoots" water at insects to knock 
them into the water so it can eat them.  The 
commentator states that the archer fish keeps 
its mouth at the surface of the stream and 
squirts a jet of water from its mouth at 13 
feet/second.  You watch an archer fish shoot a 
juicy moth off a leaf into the water. You 
estimate that the leaf was about 2.5 feet above 
a stream. You wonder what the minimum 
angle from the horizontal that the water can be 
ejected from the fish's mouth to hit the moth. 
Since you have time during the commercial, 
you quickly calculate it. 
 
Problem #2:  Your artist friend is designing a 
kinetic sculpture and asks for your help since 
she knows that you have had physics.  Part of 
her sculpture consists of a 6.0-kg object (you 
can't tell what it is supposed to be but it's art) 
and a 4.0-kg object which hang straight down 
from opposite ends of a very thin, flexible 
wire. This wire passes over a smooth, 
cylindrical, horizontal, stainless steel pipe 3.0 
meters above the floor. The frictional force 
between the rod and the wire is negligible. 
The 6.0-kg object is held 2.0 meters above the 
floor and the other object hangs 0.50-m above 
the floor. When the mechanism releases the 
6.0-kg object, both objects accelerate and one 
will eventually hit the floor but they don't hit 
each other. To determine if the floor will be 
damaged, calculate the speed of the object 
which hits the floor. 
 
Problem #3:  Super Dave has just returned 
from the hospital where he spent a week 
convalescing from injuries incurred when he 
was "shot" out of a cannon to land in an airbag 
which was too thin. Undaunted, he decides to 
celebrate his return with a new stunt. He 
intends to jump off a 100-ft tall tower with an 

elastic cord tied to one ankle and the other end 
tied to the top of the tower.  This cord is very 
light but very strong and stretches so that it 
can stop him without pulling his leg off.  Such 
a cord exerts a force with the same 
mathematical form as the spring force.  He 
wants it to be 75 feet long so that he will be in 
free fall for 75 feet before the cord begins to 
stretch.  To minimize the force that the cord 
exerts on his leg, he wants it to stretch as far 
as possible.  You have been assigned to 
purchase the cord for the stunt and must 
determine the elastic force constant which 
characterizes the cord that you should order.  
Before the calculation, you carefully measure 
Dave's height to be 6.0-ft and his weight to be 
170-lbs. For maximum dramatic effect, his 
jump will be off a diving board at the top of 
the tower and, from tests you have made, you 
determine that his maximum speed coming off 
the diving board is 10-ft/sec.  Neglect air 
resistance in your calculation.  Let Dave 
worry about that. 
 
Problem #4:  In a weak moment you have 
volunteered to be a human cannonball at an 
amateur charity circus. The "cannon" is 
actually a 3.0-ft diameter tube with a big stiff 
spring inside which is attached to the bottom 
of the tube. A small seat is attached to the free 
end of the spring. The ringmaster, one of your 
soon to be ex-friends, gives you your 
instructions.  He tells you that just before you 
enter the mouth of the cannon, a motor will 
compress the spring to 1/10 its normal length 
and hold it in that position. You are to 
gracefully crawl in the tube and sit calmly in 
the seat without holding on to anything. The 
cannon will then be raised to an angle such 
that your speed through the air at your highest 
point is 10-ft/sec.  When the spring is 
released, neither the spring nor the chair will 
touch the sides of the 12-ft long tube. After 
the drum roll, the spring is released and you 
go flying through the air with the appropriate 
sound effects and smoke. With the perfect aim 
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of your gun crew you will fly through the air 
over a 15-ft wall and land safely in the net.  
You are just a bit worried and decide to 
calculate how high above your starting 
position you will be at your highest point.  
Before the rehearsal, the cannon is taken apart 
for maintenance.  You see the spring which is 
now removed from the cannon and hanging 
straight down with one end attached to the 
ceiling.  You determine that it is 10-ft. long.  
When you hang on its free end without 
touching the ground, it stretches by 2.0-ft.  Is 
it possible for you to make it over the wall? 
 
Problem #5:  As a concerned citizen, you 
have volunteered to serve on a committee 
investigating injuries to Junior High School 
students participating in sports programs.  
Currently your committee is investigating the 
high incidence of ankle injuries on the 
basketball team. You are watching the team 
practice looking for activities which can result 
in large horizontal forces on the ankle.  
Observing the team practice jump shots gives 
you an idea so you try a small calculation. A 
40-kg student jumps 1.0-m straight up and 
shoots the 0.80-kg basketball at his highest 
point.  From the trajectory of the basketball, 
you deduce that the ball left his hand at 30˚ 
from the horizontal at 20-m/s. What is his 
horizontal velocity when he hits the ground? 
 
Problem #6:  You are a volunteer at the 
Campus Museum of Natural History.  Because 
of your interest in the environment and your 
physics experience, you have been asked to 
assist in the production of an animated film 
about the survival of hawks in the wilderness.  
In the script, a 1.5-kg hawk is hovering in the 
air so it is stationary with respect to the 
ground when it sees a goose flying below it.  
The hawk dives straight down.  When it 
strikes the goose and digs its claws into the 
goose's body, it has a speed of 60-km/hr.  The 
goose, which has a mass of 2.5-kg, was flying 
north at 30-km/hr just before it was struck by 

the hawk and killed instantly.  The animators 
want to know the velocity (magnitude and 
direction) of the hawk and dead goose just 
after the strike. 
 
Problem #7:  You have been hired to check 
the technical correctness of an upcoming 
made-for-TV murder mystery. The mystery 
takes place in the space shuttle.  In one scene, 
an astronaut's safety line is sabotaged while 
she is on a space walk, so she is no longer 
connected to the space shuttle. She checks and 
finds that her thruster pack has been damaged 
so it no longer works. She is 200 meters from 
the shuttle and moving with it.  That is, she is 
not moving with respect to the shuttle.  But 
she is drifting in space with only 4 minutes of 
air remaining. To get back to the shuttle, she 
decides to unstrap her 10-kg tool kit and throw 
it away with all her strength, so that it has a 
speed of 8-m/s.  In the script, she survives, but 
is this correct? Her mass, including her space 
suit, is 80-kg. 
 
Problem #8:  Because of your concern that 
incorrect science is being taught to children 
when they watch cartoons on TV, you have 
joined a committee which is reviewing a new 
cartoon version of Tarzan.  In this episode, 
Tarzan is on the ground in front of a herd of 
stampeding elephants.  Jane, who is up in a 
tall tree, sees him just in time.  She grabs a 
convenient vine and swings towards Tarzan, 
who has twice her mass, to save him.  Luckily, 
the lowest point of her swing is just where 
Tarzan is standing.  When she reaches him, he 
grabs her and the vine.  They both continue to 
swing to safety over the elephants up to a 
height which looks to be about 1/2 that of 
Jane's original position.  To decide if you are 
going to approve this cartoon, calculate the 
maximum height Tarzan and Jane can swing 
as a fraction of her initial height.  
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Problem #9:  Your friend has just been in a 
traffic accident and is trying to negotiate with 
the insurance company of the other driver to 
pay for fixing her car.  She believes that the 
other car was speeding and therefore the 
accident was the other driver's fault. She 
knows that you have a knowledge of physics 
and hopes that you can prove her conjecture.  
She takes you out to the scene of the crash and 
describes what happened. She was traveling 
North when she entered the fateful 
intersection.  There was no stop sign so she 
looked in both directions and did not see 
another car approaching. It was a bright, 
sunny, clear day. When she reached the center 
of the intersection, her car was struck by the 
other car which was traveling East.  The two 
cars remained joined together after the 
collision and skidded to a stop. The speed 
limit on both roads entering the intersection is 
50-mph.  From the skid marks still visible on 
the street, you determine that after the 
collision the cars skidded 56 feet at an angle 
of 30˚ north of east before stopping.  She has a 
copy of the police report which gives the 
make and year of each car.  At the library you 
determine that the weight of her car was 2600-
lbs and that of the other car was 2200-lbs 
where you included the driver's weight in each 
case.  The coefficient of kinetic friction for a 
rubber tire skidding on dry pavement is 0.80.  
It is not enough to prove that the other driver 
was speeding to convince the insurance 
company.  She must also show that she was 
under the speed limit. 
 
 
 
 
 
 
 
 
 
 
 

Problem #10:  You have been able to get a 
part time job with a medical physics group 
investigating ways to treat inoperable brain 
cancer.  One form of cancer therapy being 
studied uses slow neutrons to knock a particle 
(either a neutron or a proton) out of the 
nucleus of the atoms which make up cancer 
cells.  The neutron knocks out the particle it 
collides with in an inelastic collision.  The 
heavy nucleus essentially does not move in 
the collision. After a single proton or neutron 
is knocked out of the nucleus, the nucleus 
decays killing the cancer cell.  To test this 
idea, your research group decides to measure 
the change of internal energy of a nitrogen 
nucleus after a neutron collides with one of 
the neutrons in its nucleus and knocks it out.  
In the experiment, one neutron goes into the 
nucleus with a speed of 2.0 x 107-m/s and you 
detect two neutrons coming out at angles of 
30˚ and 15˚.  You can now calculate the 
change of internal energy of the nucleus. 
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