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Chapter 1

Introduction

The purpose of this book is to fill in the gaps, so to speak, that may be present after a
student experiences lecture and lab on a given introductory physics topic and then
tries to tackle problem solving on their own. In our experience, this independent
effort of putting the pieces together is when the learning really happens, but students
sometimes benefit from checking in with someone during that time. And sometimes
that time comes when office hours are not available, so we wrote this short
handbook with that situation in mind. It is comprised of a wide variety of insights,
some big-picture, thinking-like-a-physicist kinds of ideas, and some detail-oriented,
such as the best way to put in positive or negative signs. Likewise, this handook is
written with both algebra- and calculus-based introductory physics students in mind.
It has coverage of ideas that will apply to all students, regardless of which type of
introductory physics class you are taking, and just a few calculus-specific ideas.

Thus, the handbook is best suited as a companion text when you begin to work
through the actual homework problems after lectures. Each section will focus on a
deeper understanding of the equations you will be using along with problem-solving
skills. Toward that end, most sections will begin with a very careful description of
each equation, what every symbol means and what the equation is saying in as
simple terms as possible. Remember that equations themselves are merely tools and
you will be in much better shape if you know what tool you are looking for before
you start looking, thereby preventing you from wasting time, energy, and frustration
trying to solve a problem with a hammer when you really need a wrench.

The tone of this book is as straightforward as possible so that it can be used as a
study guide. Everything is explained thoroughly but we have tried to avoid being too
funny or asking rhetorical questions or all the things that can contribute to physics
textbooks being 1000+ pages long. Along these lines, we have also erred on the side
of fewer figures than you might expect, because we anticipate that you will want to
refer to your course textbook as much as possible to reconcile what you see here with
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its presentation by your instructor and textbook. Every section will contain small
summaries and important points that, in all honesty, you could probably just
memorize and use in that form to do reasonably well on your physics tests. But you
might not really understand the physics with this approach. A much better course of
action is to study these, apply them, and when you don’t feel like you need to
memorize them anymore, you’re in good shape. That is to say, the summaries can be
used as a test themselves in that when they feel intuitive, you have a fairly solid grasp
of the material.

Itʼs important to note this book is not exhaustive for an introductory physics
course, nor is it intended to be. It is focused on the things that students usually
struggle with due to, in our opinion, poor explanations. You may not find exactly
the examples or explanations you are looking for, but the problem-solving
techniques and conceptual explanations can be applied to almost anything in your
introductory physics course. You can think of this handbook as a style manual of
sorts for physics, but in a problem-solving sense. Just as with a writing handbook
you would look at specific examples and then apply them more broadly as similar
situations come up, you can take the ideas of this book and apply them to other
problems in physics as well.

Our most significant piece of advice to students of introductory physics is that
you should make time for trying problems that are new to you, without having a
textbook open, and under some kind of time limit. Doing so gives you the
opportunity to put together all the pieces that you are learning and make them
your own. Any student we have ever had who takes this advice learns physics well.

Above all, we wrote this handbook with our students, past, present, and future, in
mind. Seeing our students, especially non-physics majors, learn, understand, and
enjoy physics has been a particular joy for both of us. We tried to consider the
questions they have frequently had and what types of advice and suggestions from us
seemed to be effective when implemented by them. We have learned much from
them, anticipate learning much from them, and dedicate this book to them.
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Chapter 2

Kinematics

2.1 Equations needed with symbols defined
The equations that get you through just about any kinematics problem are as
follows:

= + Δ + Δ

= + Δ
= + Δ

x x v t a t

v v a x

v v a t

1
2

( )

2

.

f i i x x

i x i x x

f x i x x

,
2

,
2

,
2

, ,

Now to completely define the symbols, we have

Δ

Δ −( )

x

x

v

v

a

t

x x x

: final position

: initial position

: final velocity

: initial velocity

: acceleration

: change in time

: change in position .

f

i

f x

i x

x

f i

,

,

Here we have given the equations in terms of one direction of motion, the
x-direction. We use the subscripts i and f to indicate initial and final condition.
(Note that your textbook may use 0 for initial and no subscript at all for final
conditions.) When you intend to apply the equations to other directions (y- and
z-directions, for example), then just change out the subscripts.
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2.2 Understanding the equations
Each component of these equations says something very specific about the motion
of the object. So letʼs look at them all individually for the first equation

= + Δ + Δx x v t a t( )1
2f i i x x,

2.
Reading left to right we define the components one by one. First we have

x : final position.f

This is the final position of the object; after it has completed its motion during time
Δt. Next we have

x : initial position.i

This is simply where the object started, it can very often be set to zero for simplicity.
Next, how far the object has moved because it started with some initial velocity is

given by

Δv t.i

If it starts from rest, this term is zero. This can be positive or negative depending on
which direction it is initially moving.

How far the object has moved because it is accelerating is given by

Δa t
1
2

( ) .x
2

If it is not accelerating, the entire term is zero. Like velocity, acceleration can be
positive or negative. If it has the opposite sign from the intial velocity term, then the
object is slowing down. If it is the same sign it is speeding up.

For the second equation the concepts are similar:

= + Δv v a x2 . (2.1)x f x i x,
2

,
2

Reading left to right again, we first have

v : final velocity.x f,
2

This is how fast you are moving at the end, squared. Don’t let the fact that it is
squared worry you: that simply comes from the derivation. You could, of course,
write the expression just in terms of final velocity (and you will probably need to take
the square root of the expression for some actual calculations of velocity).

Next, we have an expression for how fast the object was moving at the beginning
of the situation, again squared:

v : initial velocity.i f,
2

And finally,

Δa x2 : additional velocity gained or lost due to acceleration.x

Just as you can figure out how much velocity changes because you are accelerating
over some time, you can also figure out how much velocity changes because you are
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accelerating over some distance, which is what this portion describes. This should
not be surprising as distance and time are always very closely related.

Put it all together and this equation says your final velocity depends on your initial
velocity plus your acceleration times however far you were accelerating, with some
couple of math factors here and there. So to recap how to use this, you have
two equations for calculating final velocity, one that uses time and one that uses
distance:

= +
= + Δ

v v a t

v v a x

: uses time

2 : uses distance.
(2.2)

f x i x x

f x i x x

, ,

,
2

,
2

2.3 Keeping the signs straight
There are many rules that various books and teachers try to use, especially for the
acceleration due to gravity. The only rules you really need are:

(i) Set up a coordinate system.
(ii) Stick to it.

What this means is just that you decide what is positive and what is negative at the
very beginning of each problem, then just put in the appropriate sign, keeping track
of what each piece of each equation means.

Example. Three objects are dropped from a very high location. One is thrown
straight up, one is thrown straight down and one is simply dropped. Set up equations
that show where each one is after some time Δt.

Solution. We’re going to do this purely symbolically, but we could do it with
numbers. Start the problem by declaring up is positive and down is negative. Then,
use the subscripts 1, 2, and 3 for the objects thrown up, down, and just dropped,
respectively. So letʼs set up all the equations and explain them. Since we are dealing
with a distance that depends on velocity, time, and acceleration, the expression that
relates them is

= + Δ + Δy y v t a t
1
2

( ) . (2.3)f i i y y,
2

So letʼs set this up for the first object. Here, the full expression is given in its entirety;
then we will customize it for each object.

= + Δ + Δy y v t a t
1
2

( ) (2.4)f i i y,1 ,1 ,1
2

All we are interested in is how far they went, so we can set =y 0i for all three. For
the first object, this results in

= Δ + Δy v t a t
1
2

( ) . (2.5)f i y i,1 ,1 ,
2
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The vi in this case is the initial velocity with which it was thrown up, so we’ll change
that to just some v1. This one is thrown up, so that will be positive, such that

= Δ + Δy v t a t
1
2

( ) . (2.6)f i y i,1 ,1 ,
2

Once the object is thrown it is in free fall, so the acceleration due to gravity will have
the numerical value of g. Since we have defined up to be positive, that means

= −a g, resulting in

= Δ − Δy v t g t
1
2

( ) : the trajectory of the first object. (2.7)f i,1 ,1
2

Now the second object. They are all in free fall so the last term remains the same.
However, this one is thrown down, so we have a minus sign on the velocity instead,
giving

= − Δ − Δy v t g t
1
2

( ) : the trajectory of the second object. (2.8)f i,2 ,2
2

The last one is simply dropped, so there is no initial velocity, giving its distance
traveled as

= − Δy g t
1
2

( ) : the trajectory of the third object. (2.9)f ,3
2

Let us now look at them all together and make sure they make physical sense:

= Δ − Δ

= − Δ − Δ

= − Δ

y v t g t

y v t g t

y g t

1
2

( )

1
2

( )

1
2

( ) .

(2.10)

f i

f i

f

,1 ,1
2

,2 ,2
2

,3
2

Remember that up is defined as positive, so for a very small time the first one will
have a positive displacement. This makes sense since it was thrown upwards and will
need to stop and come back down. For the other two there is no way for them to ever
have a positive displacement (meaning they went up), which again makes sense. One
was thrown down and the other was dropped, so there is no physical way for them to
go up.

2.4 Motion in 2-dimensions: relating x and y
The key to most 2D problems sounds simple: time progresses the same in both
coordinates and binds them together. This is the only way that the x and y
coordinates are related. This ends up, as usual, being more complicated than it
sounds though. The way to keep everything straight is to carefully check conditions
along the way. The best way to see this is with a conceptual example.
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Example. You and a friend are playing catch on opposite sides of a house, both
standing some distance d away from the house of height h and width w. What is the
minimum velocity and angle needed to get over the house? Figure 2.1 below can help
you to better visualize what is going on in the problem.

Solution. To solve this problem, the two components of velocity will be required.
Remember that everything is related through time, so your first goal needs to be
identifying which coordinate (x or y) will give you something useful for time. Since
there is no acceleration in the x direction and you do not know the initial velocity,
this means the physical parameters from the y-direction will offer more information
for problem solving. If it is just barely going to clear the house, then the minimum
condition for that is for =v 0y at a height of h. Now we have something we can work
with since we also know the acceleration (which is due to gravity). Set the direction
up as positive for y and use the equation that relates velocity, distance and
acceleration:

= + Δv v a y2 . (2.11)f y i y y,
2

,
2

Final velocity is zero and the acceleration is negative g, so this develops with a little
algebra as

= − Δ

= Δ

= Δ

v g y

v g y

v g y

0 2

2

2 .

(2.12)

i y

i y

i y

,
2

,
2

,

The height of the house is Δy, so the final equation is

=v gh2 . (2.13)i y,

So now since we have the velocity in the y direction, we can find both the angle and
the total velocity if we can find the velocity in the y direction. This is where relating
these two through time becomes important. What we have to do now is find out how
long it takes to get over to the other side. It will take the same amount of time to

Figure 2.1. The scenario for trying to throw the ball over the house.
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come down as it does to go up (which is always true for anything in free fall), so we
need to make use of an expression that now relates initial velocity, acceleration, time
and distance. This is

= + Δ + Δx x v t a t
1
2

( ) . (2.14)f i i x x,
2

Change symbols to y and set = −a g:

= + Δ − Δy y v t g t
1
2

( ) . (2.15)f i i y,
2

Conceptually speaking, what we’re doing here is identical to just throwing the ball
straight up and finding the time it takes to go up and then back down, so = =y y 0i f .
It starts and ends at the same vertical (but not horizontal) location. Now we can
solve for the change in time, after a little algebra:

= Δ − Δ

Δ = Δ

= Δ

= Δ

v t g t

v t g t

v g t

v

g
t

0
1
2

( )

1
2

( )

1
2

2 .

(2.16)

i y

i y

i y

i y

,
2

,
2

,

,

But we already know what vi y, is ( gh2 ), so the subsequent steps are

= Δ

= Δ

= Δ

v

g
t

gh

g
t

h
g

t

2

2
2

2 2 .

(2.17)

i y,

Now that we have the travel time, all we have to do is figure out the x-direction
velocity required to cover the distance in that time. There is no x-direction
acceleration (as is typical for projectile motion) and the total distance is +d w2 ,
since both people are standing d from the house and the house itself is a width w. So,
get an equation out of the toolbox that relates time, velocity and distance:

= + Δ + Δx x v t a t
1
2

( ) . (2.18)f i i x x,
2

Acceleration is zero since this is the x-direction and we’ll set =x 0i since all
we are interested in is how far it went. Making use of this customized equation,
we have
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= Δ
+ = Δ
+

Δ
=

+ =

x v t

d w v t
d w

t
v

d w

h
g

v

2
2

2

2 2

.

(2.19)

f i x

ix

i x

i x

,

,

,

The total velocity can be found using = +v v vy x
2 2 2, with the angle given by trigono-

metry, −tan ( )
v

v
y

x
1 . This would be altogether

⎛
⎝
⎜⎜

⎞
⎠
⎟⎟+

−

gh

d w

h
g

tan

2

2

2 2

.1

Note that this equation may look unpleasant (or more hopefully, impressive) but
that is only because we did not use numbers the entire time. In a problem with actual
numbers it may be much less intimidating. But, by following this line of thinking,
you have developed an expression that shows you the many factors upon which the
necessary initial velocity depends, which is the real utility of physics.

2.5 Summary and important notes
(i) Velocity changes displacement; acceleration changes velocity. This is a

subtle thing that can trip you up easily. For instance, just because
something is accelerating toward a point does not mean that it is moving
toward that point, just that the acceleration vector is pointed in that
direction.

(ii) You must always pay attention to signs with velocity, acceleration, and
displacement. A negative acceleration does not mean the object is slowing
down nor does a positive acceleration mean it is speeding up. It is whether
or not the acceleration and velocity vectors have the same sign that
determines if it is slowing down or not.

(iii) Set up your positive and negative at the beginning of the problem and stick
to it. Every time you write down a symbol, ask yourself if the sign matches
the rest of the signs you have. Even if you are very good at this stuff,
you will still make mistakes from time to time just writing down the wrong
sign.
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(iv) Pay attention to what each component of each equation means physically.
Do not simply memorize them. If you do this it will become much easier to
see which equation to use where. Equations are tools. Do not reach for the
toolbox until you know which tool you need. If you try to accomplish a
task that needs blunt force, such as one that would be helped by use of a
hammer, and reach initially for sandpaper, you’ll get nowhere.

(v) The same amount of time passes for all coordinates in any problem. Use
this to relate two or more coordinates to each other, but otherwise treat the
coordinates completely separately as if you were doing two different
problems.
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