Mail to: Nathan Giguere
Bishop O’Connell High School
6600 Little Falls Road
Arlington, VA 22213

Summer Assignment #3
AP Physics I
To be postmarked by Monday, August 5th , 2019

Instructions – for full credit:
• Show all work
• Box your final answers

Name:

• Make sure to include units in
your answer, where appropriate

Everything should be made as simple as possible, but not simpler.
-Albert Einstein (1879-1955)

AP Physics I

Summer Assignment #3

Summer Assignment #3: Physics Prerequisites
Section 6: Density
Density, usually denoted by ρ, is a measure of stuff per unit of space. The one you are most familiar
with is mass per unit volume:
m
ρ=
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):
4
Vsph = πR3
Vcyl = πR2 h
3
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 ρ = 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
m
2.39 =
V
ρ=

Since we are given the radius and height of the cylindrical pressure vessel, we can find the volume V :
Vcyl = πR2 h = π(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:
m
28.86
m = 68.98 kg

2.39 =



Problems: Work through the following problems and box your final answers. These will be a part of
your Quarter 1 grade. Show all work for full credit.
1. What is the space taken up by 40 grams of gold (ρ = 19.32 g/cm3 )?
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2. A sphere made from a material with density ρ has a mass m. Determine its radius R as a function
of density and mass.

3. Atlas stones are basically heavy concrete spheres frequently used in strongman competitions. What
is the radius (in inches) needed for an atlas stone that is to weigh 310 lbs? The density of concrete
is ρ = 145 pounds per cubic foot. Hint: Use your answer to the previous problem!

Above: Your physics teacher, learning how to
set an atlas stone.
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4. Sea water (density ρ = 65 lbs/ft3 ) is entering a cylindrical tank of radius 4 feet according to the
function m(t) = 0.9t, where m(t) is the mass of water in the tank (in kg) at any given time t (in
seconds).
(a) Determine the height of water in the tank (in feet) as a function of time t.
(b) How long will it take for the water level of the tank to reach 5 feet?

5. A sphere made out of material X has a mass of 5 kg and has a radius of 4 meters. How much mass
does a sphere of the same material with a 3 meter radius have? Hint: Since they are made from
the same material, they have the same density.

3

AP Physics I

Summer Assignment #3

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
1 nanometer
× −9



meters
39.37 
10 
inches

=

20 × 1 × 1
nanometers
39.37 × 10−9

= 5.08 × 108 nanometers



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/s2 to the equation to get the units for force F :
F = ma


1m
F = (1 kg)
s2
kg · m
F =1
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.
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Problems: Work through the following problems and box your final answers. These will be a part of
your Quarter 1 grade. Show all work for full credit.
1. Use the method of converting units shown on the previous page to determine the following.
(a) How many inches are in 48 centimeters?
(b) How many centimeters are in 48 inches?
(c) How many inches are in 28 nm?
(d) How many pounds are in 600 Newtons?
(e) How many meters per second is 25 miles per hour?
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2. The equations for potential energy and kinetic energy, respectively, are
1
Ek = mv 2
2

Ep = mgh,

where m is mass, g is the acceleration due to gravity, h is height, and v is velocity. Using SI units
(meters, kilograms, and seconds), determine what one Joule is equal to by plugging SI units into
both equations (you should get the same result for each).

3. If momentum L = mv, what is the unit of momentum in terms of SI units?
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Part 8: Ratios
The relationships of numbers or variables let us understand what these equations mean, and how changing
one quantity can affect 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 = πR2 . We can rewrite the formula, replacing R
with 2R:
2
A = π(2R)2 = 4 πR
|{z} = 4A.
A

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



Problems: Work through the following problems and box your final answers. These will be a part of
your Quarter 1 grade. Show all work for full credit.
1. By what factor does the area of a circle decrease if its radius is one-third of its original radius?

2. A soda company sells cola in cylindrical cans. If the company wishes to design a sleeker, new can
that holds the same volume, but with a radius that is 3/4ths its original radius, by what factor
must the height of the can increase so that the volume is unchanged?
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3. The equation for kinetic energy for a body of mass m moving with velocity v is
1
Ek = mv 2 .
2
If the mass of a body is decreased to 1/5th of its original mass and its velocity is increased by a
factor of 5, by what factor has the kinetic energy changed?

4. If an object is dropped in a gravitational field with acceleration constant g at a height h from the
ground, its velocity v just before it reaches the ground is given by the equation
p
v = 2gh,
assuming that energy is conserved during its freefall. If the object’s initial height is increased by a
factor of 100, by what factor does its velocity increase just before reaching the ground?
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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.

For the case of rectilinear motion, the average velocity v of a particle is the change in position s over the
change in time:
∆s
v=
∆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
35 − 5
30
=
=
= 10 m/s
∆t
3−0
3
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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 under1 the velocity curve and the t-axis between any two values t1
and t2 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. Determine 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



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.
Complete figures (c) and (d) by finding the positions of the particle at times t = 3 s and t = 4 s. Sketch
the curve.

1

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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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 off 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. Determine 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 increases 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 ∈ [0, 2] seconds, the velocity (slope of the position curve) is
v=

∆x
14 − 0
=
= 7 m/s
∆t
2−0

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

14 − 14
∆x
=
= 0 m/s
∆t
3−2

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

∆x
8 − 14
=
= −2 m/s
∆t
6−3
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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, 3]. This makes sense, because the particle
is resting at the position x = 14 meters on this
interval.

Problems: Work through the following problems and box your final answers. These will be a part of
your Quarter 1 grade. Show all work for full credit.
1. A particle travels with a constant velocity such that at t = 2 seconds its position is x = 7 meters
and at t = 8 seconds its position is x = 25 meters.
(a) What is the particle’s velocity?
(b) If the particle continues to travel at that same velocity, what will be its position at t = 10
seconds?
(c) How long will it take for the particle to have a position of x = 60 meters?
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2. A particle starts at x = 0 meters and travels in the following way:
• A constant velocity of 8 m/s for the first 4 seconds
• A constant velocity of -10 m/s for the following 4 seconds
(a) Sketch the velocity curve v(t) on the axes provided.
(b) The table shows the position of the particle at the specified values of time t. Complete the
table (recall that position is the area under the velocity curve).
(c) Use the values from the table to plot the position x(t) on the axes provided.
t (seconds)

x(t) (meters)

0

0

1

8

2

16

3
4
5
6
7
8

14

