
AP Physics I Summer Assignment: Notes

2020 Summer Assignments: Instructions

Welcome to the AP Physics I team!

AP Physics I is an introductory college level physics course. Concept development and problem solving
are algebra and trigonometry based. The vast majority of the course will be spent on classical mechanics
(force and motion), with some time spent on basic electronics. If you are interested in engineering or
a physics-related career and are a Junior, you should consider taking AP Physics C next year, which is
calculus based.

The three summer assignments that you are receiving will be part of your first quarter grade. You must
mail these to me over the summer (the address is on the cover page of each assignment) and they must be
postmarked by the dates listed below (no need for priority mail – simply make sure they are postmarked
by the dates). They will be marked down for being late, so make sure you mail them in on time.

• Summer Assignment #1 – Wednesday July 1st, 2020

• Summer Assignment #2 – Monday July 20th, 2020

• Summer Assignment #3 – Monday August 3rd, 2020

You will have seen most of the material covered in these assignments in your previous math and science
classes, but each set of problems is accompanied by a short explanation and an example problem found
in this document. You will need to start the course feeling confident in the material covered in all three
assignments, so it is very important that you do as much as you can on your own. There will be a quiz
on the topics covered within the first two weeks of school at the start of the year.

For full credit, please follow all of the instructions below:

• All work is to be done in pencil in the space provided. If you need more space, use a blank piece
of copy paper and clearly indicate which problem and which assignment it goes with.

• Show all steps and draw all diagrams (if relevant) used to solve the problem.

• Clearly indicate units, where appropriate.

• Box all final answers.

Points will be deducted if the above guidelines are not followed. I have attached a sample page with my
complete solutions as an example of what is expected.

Please feel free to email me at ngiguere@bishopoconnell.org if you have any questions about the assign-
ments or about the class. I look forward to working with you next year. Have a nice summer!

-Mr. Giguere
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AP Physics I Summer Assignment: Notes

Summer Assignment #1: Notes (Trigonometry)

Section 1: Trigonometric Functions

You are familiar with the Pythagorean Theorem, which relates the two legs and the hypotenuse of a
right triangle:

a

2 + b

2 = c

2

You also probably remember the mnemonic device
SOHCAHTOA from geometry, used to help stu-
dents remember the three primary trigonometric
functions:

• Sine = Opposite/Hypotenuse

• Cosine = Adjacent/Hypotenuse

• Tangent = Opposite/Adjacent

The three functions above take in an angle (in degrees or in radians1) and output ratios of side lengths
of right triangles. They are extremely important when solving physics problems in 2-dimensions (which
we will spend a lot of time doing), so you will need to be comfortable using them in your sleep! Mathe-
matically, they are defined as follows:

sin ✓ =
a

c

cos ✓ =
b

c

tan ✓ =
a

b

Example: Given the right triangle on the right, solve for the side length x.

Solution: The first step is to look at what we are
given – we have an angle of 28�, an opposite side of
length 6, and an adjacent side of unknown length x.
Then, ask yourself – “What trigonometric function
relates an angle to an opposite side and an adja-
cent side?” Referring to SOHCAHTOA, the TOA
refers to

Tangent =
Opposite

Adjacent

which is what we need:

tan(28�) =
opp

adj
) tan(28�) =

6

x

) x tan(28�)| {z }
⇡0.532

= 6 ) 0.532x = 6

) x = 11.278 ⌅

1
Make sure that your calculator is set to the correct mode!
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Section 2: Inverse Trigonometric Functions

If you are given side lengths of a right triangle and you need to find its angles, you can use inverse
trigonometric functions. Inverse trigonometric functions take in a ratio r of side lengths and output an
angle. There are two di↵erent notations that are commonly used for inverse functions:

• sin�1(r), cos�1(r), and tan�1(r) (more common)

• arcsin(r), arccos(r), and arctan(r) (kind of outdated, but still shows up occasionally)

Inverse trigonometric functions can usually be accessed on most scientific and graphing calculators by
pushing the 2nd key, followed by the key for the trigonometric function. We will almost entirely be
using degrees in this class (as opposed to radians), so make sure your calculator is on degree mode.

Example: Solve for the angle ' for the triangle shown on the right.

Solution: If we imagine standing at angle ', we no-
tice that we are given the opposite side length and
the hypotenuse length. Since OPP/HYP is sine,
the angle ' is the angle whose sine is 3/5. Thus we
can write

' = sin�1

✓
3

5

◆

Using a calculator, we find that ' ⇡ 36.87�. ⌅
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Summer Assignment #2: Notes (Algebra)

Section 3: Quadratic Equations

In AP Physics I, we will commonly see quadratic equations – that is, equations of the form

ax

2 + bx+ c = 0.

You have often solved these by factoring before, but it will be rare that we see a factorable equation in
physics. If a quadratic equation is not factorable, we will need to use the quadratic formula, which says
that the two solutions to a quadratic equation are given by the formula

x

1,2 =
�b±

p
b

2 � 4ac

2a
.

Example: Solve the equation
2x2 � 7x+ 4 = 3

Solution: Before using the quadratic formula, we need to make sure that the right-hand side of the
equation is equal to zero. Do this by subtracting 3 from each side:

2x2 � 7x+ 4 = 3

�3 � 3

2x2 � 7x+ 1 = 0

Now we can apply the quadratic formula with a = 2, b = �7, and c = 1:

x

1,2 =
�b±

p
b

2 � 4ac

2a

x

1,2 =
�(�7)±

p
(�7)2 � 4(2)(1)

2(2)
=

7±
p
41

4

x

1

⇡ 3.351, x

2

⇡ 0.149 ⌅
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Section 4: Rational Expressions

Rational expressions are basically fractions containing unknowns (technically, a rational expression is
a ratio of two polynomial expressions, but here we will extend the definition to include ratios of other
kinds of expressions as well). The procedure for adding and subtracting rational expressions is identical
to that of adding and subtracting fractions – rewrite all fractions with a common denominator and add
the numarators.

Example: Find the sum
a� b

ab

2

+
a+ b

a

2

b

Solution: First, we need to represent both fractions using a common denominator. By inspection, we see
that this is a2b2, so we multiply the first term by the fraction a/a and the second term by the fraction
b/b:

a� b

ab

2

⇥ a

a

+
a+ b

a

2

b

⇥ b

b

(a� b)a

a

2

b

2

+
(a+ b)b

a

2

b

2

a

2 � ab

a

2

b

2

+
ab+ b

2

a

2

b

2

Now that the denominators are the same, we can add the numerators and write the sum over the common
denominator a2b2:

(a2 � ab) + (ab+ b

2)

a

2

b

2

a

2 + b

2

a

2

b

2

⌅
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Section 5: Systems of Equations

As far as algebra is concerned, solving systems of linear (and even nonlinear) equations might be the
most important thing you’ll need to be able to do this year! Almost any time we are dealing with 2-
dimensional force systems, we will end up with a system of two or three equations. It’s perfectly fine if
you need some practice right now, but do make sure you know how to do these problems in your sleep
by the time school starts in Fall.

In order to get solutions to systems, we must have the same number of unknowns as we have independent
equations. Some examples of what this means:

• Number of equations equals number of unknowns: The system

x+ y = 4

4x� 3y = �1

is solvable since there are two independent equations and two unknowns (x and y).

• Number of equations is less than number of unknowns: The system

x+ y + z = 4

4x� 3y + 5z = �1

is not solvable since there are two independent equations, but three unknowns (x, y, and z). If this
happens in the context of physics, it usually means that we need to go back to the drawing board
and derive another equation (from kinematics, forces, energy, momentum, etc.).

• Number of equations is greater than number of unknowns: The system

x+ y = 4

4x� 3y = �1

3x� y = 2

is not solvable since there are three independent equations, but only two unknowns (x and y). It
is possible for there to be some set of solutions that satisfies all three equations, but it is unlikely.
We say that the system is overconstrained.

• Two or more equations are redundant: The system

x+ y = 4

3x+ 3y = 12

is actually the same equation repeated (the second equation is really just the first equation with
each side multiplied by 3), so they are not independent. In reality, we only have one equation with
two unknowns, which means we need another equation.
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Example: Solve the system of equations

7x� 5y = 18

5x� 2y = 15

for x and y.

Solution: Start by picking one equation and solving for one variable. Since 5 goes into 15 nicely, let’s
solve for x in the second equation:

5x� 2y = 15

5x = 2y + 15

x =
2

5
y + 3

Now that we have “used up” the second equation, let’s go to the first equation and replace x with what
we found:

7x� 5y = 18

7

✓
2

5
y + 3

◆
� 5y = 18

Now that we only have one equation and one unknown (y), proceed by solving for y:

7

✓
2

5
y + 3

◆
� 5y = 18

14

5
y + 21� 5y = 18

�11

5
y = �3

y =
15

11

Use this value of y with the equation found above for x to solve for x:

x =
2

5
y + 3

x =
2

5
(
15

11
) + 3

x =
6

11
+ 3

x =
39

11

Thus, the solution to the system is

x =
39

11
⇡ 3.54 y =

15

11
⇡ 1.36 ⌅

9



AP Physics I Summer Assignment: Notes

Summer Assignment #3: Notes (Science Prerequisites)

Section 6: Density

Density, usually denoted by ⇢ (Greek letter “rho”), is a measure of stu↵ per unit of space. The one you
are most familiar with is mass per unit volume:

⇢ =
m

V

The formulas for the volume of a sphere and the volume of a cylinder are provided here for reference (R
is radius, h is height):

Vsph =
4

3
⇡R

3

Vcyl = ⇡R

2

h

Example: A cylindrical pressure vessel with a radius of 1.75 meters and height of 3 meters contains
air pressurized at 2 atm and 72� F so that its density is ⇢ = 2.39 kg/m3. Find the mass of the air
inside.

Solution: Start with the equation for density and plug in what we know:

⇢ =
m

V

2.39 =
m

V

Since we are given the radius and height of the cylindrical pressure vessel, we can find the volume V :

Vcyl = ⇡R

2

h = ⇡(1.75)2(3) = 28.86 m3

Plug this volume into the density equation and solve for m, the mass of the air inside the vessel:

2.39 =
m

28.86
m = 68.98 kg ⌅

Section 7: Unit Conversions

The mathematics of units is often called dimensional analysis. You learned how to formally convert units
in chemistry, and you’ll need to do this often in physics. The way I expect you to convert units is by
setting up an algebraic equation. There are many examples of this on the internet if you need help with
this. However, it is a fundamental skill taught in chemistry and you are expected to have mastered it.

Example: Convert 20 inches to nanometers (1 meter = 39.37 inches, 1 nanometer = 10�9 meters).

Solution: Begin with what is given (20 inches), and multiply by a series of conversion factors in a way so
that all units except the desired units (nanometers) cancel out.

20 ⇠⇠⇠⇠inches ⇥ 1 ⇠⇠⇠meter

39.37 ⇠⇠⇠⇠inches
⇥ 1 nanometer

10�9 ⇠⇠⇠⇠meters

=
20⇥ 1⇥ 1

39.37⇥ 10�9

nanometers

= 5.08⇥ 108 nanometers ⌅
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A primary unit is a unit that cannot be broken up into other units. In this class, we will deal mostly
with three primary units – mass, length, and time. All other units in mechanics that we will deal with
this year are combinations of these three primary units. For example, the equation for force is mass
times acceleration, F = ma. In SI units, mass has units of kg and acceleration has units of m/s2. We
can plug in m = 1 kg and a = 1 m/s2to the equation to get the units for force F :

F = ma

F = (1 kg)

✓
1 m

s2

◆

F = 1
kg ·m
s2| {z }

Newton (N)

Since this quantity comes up so often, we abbreviate it by replacing “kilogram-meters per second squared”
with “Newton”. Since 1 Newton is composed of several primary units, we call it a secondary unit.

Part 8: Ratios

The relationships of numbers or variables let us understand what these equations mean, and how changing
one quantity can a↵ect another quantity.

Example: If a circle’s radius is doubled, by how many times does its area increase?

Solution: The formula for the area of a circle is A = ⇡R

2. We can rewrite the formula, replacing R with
2R:

A = ⇡(2R)2 = 4⇡R2

|{z}
A

= 4A.

So, it is shown that doubling the radius of a circle causes the area to increase by a factor of 4. ⌅

Part 9: Rectilinear Motion

The one-dimensional motion of a particle along a straight line is often referred to as rectilinear motion,
and it is usually the simplest case of motion. We can represent this as a single particle on an axis and
plot its position on the axis as a function of time t.
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For the case of rectilinear motion, the average velocity v of a particle is the change in position s over the
change in time:

v =
�s

�t

Note that this is really just the slope of the position-time plot!

Example: Given that the particle in the figure above is traveling at a constant velocity, find the
velocity.

Solution: The velocity is given by the equation

v =
�x

�t

where �x is the change in position corresponding to the time interval �t:

v =
�x

�t

=
35� 5

3� 0
=

30

3
= 10 m/s ⌅

The position vs. time (s� t) graph and velocity vs. time (v� t) graph of a particle have some interesting
relationships:

Relationship I (Area): The area under2 the velocity curve and the t-axis between any two values t
1

and t

2

represents the distance that the particle travels in that time interval. This might seem confusing,
and it is best explained through an example.

Example: Consider the motion of a particle
whose velocity curve is shown on the right. De-
termine how far the particle has traveled after
(a) 2 seconds, and (b) 4 seconds.

Solution: The graph shows that the velocity from
t = 0 to t = 2 seconds is 2 meters per second (m/s),
and that the velocity abruptly increases to 6 m/s
just after t = 2 seconds.

To find the change in position of the particle during the first 2 seconds of motion, we need to find the
area under the v � t curve on this time interval. It can be seen on the right that this is simply the area
of a rectangle whose base is 2 (seconds) and whose height is 2 (meters/second).

Thus, the change in position �x during the first 2
seconds of motion is the area

�x = (2)(2) = 4 meters.

To find the change in position during the first 4
seconds of motion, we find the total area under the
curve from t = 0 s to t = 4 s. As seen on the figure,
this is the sum of the areas of both rectangles. so
the change in position aftre 4 seconds is

�x = (2)(2) + (2)(6) = 16 meters ⌅

2
When we say “area under a curve”, we are referring to the area between the curve and the horizontal axis. If the curve

is below the horizontal axis, then the area is counted as negative.
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We can use the velocity curve to draw a sketch of the position curve by finding the position at various
times and plotting the results. The following page shows a step-by-step construction of the position
curve. In figures (a) and (b) shows the process at times t = 1 s and t = 2 s, respectively. Try to
complete figures (c) and (d) by finding the positions of the particle at times t = 3 s and
t = 4 s. Sketch the curve.
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Observations: There are a few interesting things to note about the graphs on the previous page.

1. What is the slope of the position curve x(t) between t = 0 s and t = 2 s? How does this compare
to the velocity between t = 0 s and t = 2 s?

2. What is the slope of the position curve x(t) between t = 2 s and t = 4 s? How does this compare
to the velocity between t = 2 s and t = 4 s?

If you did this correctly, you should be able to observe that the slope of the position curve is the same
as the value of the velocity curve for any given time t, which leads us to the second relationship...

Relationship II (Slope): The slope of a particle’s position curve at any time t is equal to the velocity
of the particle at that time. This shouldn’t be surprising, since we started o↵ by noting that velocity is

v =
�x

�t

which can be interpreted as “rise over run”.

Example: Consider the motion of a particle
whose position curve is shown on the right. De-
termine the velocity of the particle at time t = 1
second and at time t = 5 seconds. Plot the velocity
curve.

Solution: The graph shows that the position in-
creases linearly between t = 0 and t = 2 seconds,
stays the same between t = 2 and t = 3 seconds,
and then decreases linearly between t = 3 and t = 6
seconds.

On the interval t 2 [0, 2] seconds, the velocity (slope of the position curve) is

v =
�x

�t

=
14� 0

2� 0
= 7 m/s

On the interval t 2 [2, 3] seconds, the velocity (slope of the position curve) is

v =
�x

�t

=
14� 14

3� 2
= 0 m/s

On the interval t 2 [3, 6] seconds, the velocity (slope of the position curve) is

v =
�x

�t

=
8� 14

6� 3
= �2 m/s

14



AP Physics I Summer Assignment: Notes

With this information, we can plot the velocity
curve as well, shown on the right. It can be seen
that the velocities at t = 1 s and t = 5 s are

v(1) = 7 m/s, v(5) = �2 m/s.

Notice that the velocity is zero on the interval
t 2 [2, 3]. This makes sense, because the particle
is resting at the position x = 14 meters on this
interval.
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