
AP Physics C 2022 Summer Enrichment Opportunity

Mrs. Babcock embabcock@fcpsschools.net

The AP Physics C Summer Enrichment Supplementary Opportunity will preview certain skills that
are very important to our class next year.

If you choose, please complete the five parts listed here thoroughly and thoughtfully.

1. Center of Mass
2. Linearization of Data
3. Mathematical Modeling and Graphing
4. Free Body Diagramming
5. Experimental Design

Each of these five parts were designed to be completed in about two hours or less and can be
completed or not, that is up to you, but it’s a great idea! (Just sayin’)

Happy Summer, Happy Physics, and may the Force be with you. Well, force diagrams anyway!!

See you next year! Mrs. Babcock

Part 1: Center of Mass
a. Watch and take notes on  these Flipping Physics video presentation on center of

mass

b. If you prefer, you can watch this one from Dan Fullerton. He offers a different
approach, shall we say, to flipping physics, which some of you may prefer. Just know,
after the first 6.5 minutes or so, he dives much deeper into calculation of COM with
integration, which we will not tackle until a bit later in the year (October?).

c. Read about center of mass on the Hyper Physics website and take some more notes
on anything different

d. And a little more reading if you are still struggling with the idea, or if you just really like
doing this!

e. complete the problems in the following center of mass problems for some practice, if
you like. I will provide solutions on the first day of school for those of you who choose
to complete this work.

mailto:embabcock@fcpsschools.net
https://www.flippingphysics.com/algebra.html#cmass
https://www.flippingphysics.com/algebra.html#cmass
https://youtu.be/RbAe_xPZL4Y
http://hyperphysics.phy-astr.gsu.edu/hbase/cm.html
https://www.aplusphysics.com/courses/honors/momentum/honors_center_of_mass.html


1. Find the center of mass (relative to (0,0)) for the spheres with the following masses and
locations:  m1 = 5kg, (1,1) m2 = 10 kg, (3,1) m3 = 15kg, (1,6).

2. Find the center of mass of the following particles (drawn large so they can be seen):

3. An old go-kart with a mass of 300 kg is traveling in a straight line at 80 m/s.  It is followed by
a 4-wheeler with a mass of 200 kg moving at 60 m/s.  How fast is the center of mass moving?

4. A 1500 kg VW is heading 40 m/s in a straight line.  A 4000 kg Cadillac is heading directly for
it at 60 m/s.  Find the velocity (magnitude and direction) of the center of mass.

5. A 1500 kg car is at rest.  At the instant it starts to move (with an acceleration of 3.5m/s 2), a
truck (m= 3000kg) traveling at a constant speed of 12 m/s passes it.  At t = 3 seconds:

a. How far is the center of mass of the vehicles, relative to the starting point of the car?
b. What is the speed of the center of mass of the vehicles?



6. A rock, of mass M, is dropped at t= 0 seconds.  Two seconds later a stone, of mass 2M, is
dropped.  At t = 3 seconds (assume neither hits the ground):

a. What is the center of mass of the rock and stone relative to the drop point?
b. How fast is the center of mass going at this time?

7. Calculate the Vcm before the collision and then calculate the Vcm after the collision.
(Show all work for this problem)

4 kg 10 kg

Before collision: Vo = 5 m/s Vo = 0
After collision Vf = 1 m/s Vf = ?

Part 2: Linearization of Data

One of the fundamental questions of physics is that of determining how two quantities are related

to one another. We all know, for example, that the distance a falling body travels increases with

increasing time, but it was the genius of Galileo to discern that this distance varies as the square
of time, and not directly with time.

Plotting distance fallen vs time yields a parabola, an excellent way to visualize the relation

between distance and time but a challenge to use in obtaining quantitative values. If we wanted

to use empirical data (times and distances fallen) to determine g, a better solution is to plot time
squared on the x axis and distance on the y. This graph will be linear, with a slope equal to g/2.

The process of squaring time to get a straight line graph is called linearization.



For Part 2 problem 1, imagine that you wish to experimentally determine the density of modeling

clay. You make a set of clay spheres, and determine the radius and mass of each. Sample data

is provided in the table below.

Radius
(cm)

.5 1.0 1.5 2.0 2.5 3.0

Mass (g) .7875 6.1 20.9 50.4 95.3 167.4

Helpful equations: mass = density * volume Volume (sphere) = 4/3 (pi) r^3

a) What graph shape would you expect if you plotted radius on the x-axis and mass on the
y? (You do not need to make this graph.)

b) What could you do mathematically with your radius values to produce a linear graph?

c) Enter this quantity into the third row in the table above   .

d) Produce a linear graph that shows how mass is related to radius. Write an equation for
this graph in y = mx + b format, using specific values from your graph for m and b.

e) Use the slope of your graph to determine the density of modeling clay.

Part 2 Problem 2: Complete the following Worksheet: Graphical Methods-Summary
A graph is one of the most effective representations of the relationship between two variables.
The independent variable (one controlled by the experimenter) is usually placed on the x-axis.
The dependent variable (one that responds to changes in the independent variable) is usually
placed on the y-axis.  It is important for you to be able interpret a graphical relationship and
express it in a written statement and by means of an algebraic expression. When you state the
relationship, tell how y depends on x ( e.g., as x  increases, y …).

Graph shape Written relationship
Modification

required to linearize
graph

Algebraic
representation



Part 3: Mathematical Modeling and Graphing

A Ferris wheel consists of a large wheel of radius R which rotates with a constant frequency
(number of cycles per unit time) of f and period (time for one rotation) T. Passengers ride in
regularly spaced cars along the rim of the wheel, and enter cars at ground level (y = 0). The
height above the ground of a rider who began a ride at time t = 0 is given by the expression

y(t) = R – R cos (2πt/T)

Given your past experience with Ferris wheels, estimate typical values for R and T.

R = T =

Then use Google sheets to plot y vs t for two complete cycles of a Ferris wheel, using a
scatter plot.

Note: The Help menu on Sheets is quite useful. Here are a few relevant tips:
Entering equations – Equations always begin with the = sign.
Cell ID – Cells are identified by column and row, such as B5.
Multiply – shift 8 (*).
Copy and Paste a formula – Place the cursor on the lower right corner of the cell you wish

to copy. Depress the left clicker, hold it down, and drag the cursor down over all the cells you
wish to copy into, then release the clicker.



Next write an equation expressing the horizontal position of a Ferris wheel passenger, with x
= 0 designating the horizontal position upon entering the car, and with the ride again starting at t
= 0. Enter your x values in the third column of your spreadsheet. Plot y and x as functions of t.

What should be the range for y? Do your values conform to this range?

What should be the range for x? Do your values conform to this range?

When y is at a maximum or minimum, what values do you expect for x? How do your values
compare?

When x is at a maximum or minimum, what values do you expect for y? How do your values
compare?

Add a fourth column to the spreadsheet by writing a formula for √( y2 + x2). Plot y, x, and √( y2

+ x2) as functions of time. Does this final value yield a constant? If yes, explain why it is
constant. If not, what might you change to make it constant?
Part 4: Free Body Diagrams
1. Complete the following exercise. Then make a screenshot showing all twelve stars.
https://www.physicsclassroom.com/Physics-Interactives/Newtons-Laws/Free-Body-Diagrams/Fre
e-Body-Diagram-Interactive
2. When you have completed the exercises through the link, consider why lids make take out
drink cups more stable. Maybe sketch it out on a sheet of paper and then take a snapshot you
can submit to this assignment

Part 5: Experimental Design

The following problem appeared on the 1999 AP Physics C exam. In our class this fall you will
perform a lab called the ballistic pendulum, which will teach you to solve part (a) of this question
by combining the conservation of energy with the conservation of momentum. For part (b), your
work on FBD’s earlier in this assignment should prove helpful. Your assignment for now is to
list and describe as many methods as you can to approach part (c). In considering how to
find the speed of the dart, recall your work from last year’s physics class on kinematics and free
fall, projectile motion, momentum conservation, and energy conservation.

https://www.physicsclassroom.com/Physics-Interactives/Newtons-Laws/Free-Body-Diagrams/Free-Body-Diagram-Interactive
https://www.physicsclassroom.com/Physics-Interactives/Newtons-Laws/Free-Body-Diagrams/Free-Body-Diagram-Interactive


Channel your inner Peli Motto and have some fun with this one!
Feel free to exercise a bit of latitude with “practical.”


