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AP Physics C: Mechanics 

SUMMER ASSIGNMENT 2020: 
Basic Physics Review + Intro to Physics Calculus 

 
Instructions: 
 

1. Read pages 1 – 12 (there are a few practice questions mixed in) 
2. Complete the practice at the end of this packet (pages 13 – 19) 

 

• This will be due shortly after school starts in the fall (this will NOT be due on the first day). 
• We will be covering this material very quickly in the first couple of days in class. 
• In order to be best prepared, please complete the two items outlined above. 

 
Measurement in Physics 

SI Units 

• Stands for “System International” 
• Three fundamental units for length, mass and time: 
 

SI Quantity SI Unit 
Length Meter 
Mass Kilogram 
Time Second 

 
 

• There will be other units to consider throughout the course – from the Physics C formula chart: 
 

 

Common 
Prefixes 

 

From the Physics C formula chart: 
 

 

 

 
Dimensional Analysis: 

 

 

Trig Functions 

Sine 

 

Cosine 

 

Tangent 

 

Pythagorean 
Theorem 
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From 
your 

formula 
chart 

 
Scalars & Vectors 

 

• Scalar: any quantity in 
physics that has magnitude 
only (no direction) 

• Magnitude = a numerical 
value with units  

 

 

• Vector: any 
quantity in physics 
that has both 
magnitude and 
direction 

• Typically indicated 
by drawing an arrow above the symbol:  
 

 

Vector Addition: If two similar vectors point in the SAME direction, add them.  
 

 
 

Vector Subtraction: If two similar vectors point in OPPOSITE directions, subtract them. 
 

 
 

When two vectors are perpendicular, you must use the PYTHAGOREAN THEOREM.  
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AP Physics C: Mechanics 

Introduction to Derivatives 
Differentiate (find the derivative of) each of the following functions with respect to t	. (HINT: Remember, !"! =	$

#$  AND  $
"
! =	√$  ) 

 

1. !(#) = 5#!" 2. !(#) = 4## + # 3. !(#) = 4## − 5# − 3 

4. !(#) = 3#
!
" 5. !(#) = #

#
$ 6. !(#) = 4#$ − 5#% 

7. !(#) = −4#&# 8. !(#) = −2√#"  9. !(#) = #
% #

#
$ 

10. !(#) = '
($ 11. !(#) = −3## − 5#$ 12. !(#) = − '

)# −
%
)" 

13. !(#) = 4#-'* 14. !(#) = −#' + 5#$ + 8# − 48 15. !(#) = 7 
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AP Physics C: Mechanics 

Integrals + Derivatives + Kinematics Review 
 
 

Integrate each of the following functions with respect to x.  
 

 
 
Solve for dx/dt for each of the following functions. 
 

10. !(#) = 8#! 11. !(#) = 4#"# + 2#$/& 12. !(#) = 2# − 5#& 

13. !(#) = 	1 ##.  14. !(#) = √#!  15. !(#) = 	− $
& #

' + 3#( #) + 2# 

16. !(#) = 7# + 6 17. !(#) = 	 $& #
"& 18. !(#) = 	 &# #

# + 5# − #"# 

 
19. A car is sitting at a red light on Woodlands Parkway. When the light turns 

green, the car begins to accelerate at a constant rate, as illustrated by 
the velocity vs. time graph to the right. 
 

a. Solve for the car’s acceleration? 
 
 
 

b. Use the graph to estimate the car’s displacement from  
t = 0 seconds to t = 5 seconds?  
 
 
 

c. Sketch an acceleration vs. time graph representing the motion of the car. 
What is the significance of the area under the curve for this graph (i.e, 
what variable does it represent)? 

 

1. ∫−6!4! 2. ∫!(4! 3. ∫(5!* − 2!' + ! + 3)4! 

4. ∫−24!(4! 5. ∫(!# + 2!)4! 6. ∫(!' − !# + !&)4! 

7. ∫4!"(4! 8. ∫(3!"& − 4!"#)4! 9. ∫(−9!& + 10!)4! 
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20. In each case shown above, a sphere is moving from left to right next to a tape marked in meters. A strobe (flash) 
photograph is taken every second, and the location of the sphere is recorded. The total time intervals shown are not 
the same for all spheres.  
 

a. Rank the magnitude of the displacement over the first 3 seconds from greatest to least. Explain your reasoning. 
 
 
 
 
 

b. Rank the magnitude of the average velocity over the first 3 seconds from greatest to least. Explain your reasoning. 
 
 
 
 
 

c. Rank the magnitude of the average velocity over the first 2 seconds from greatest to least. Explain your reasoning. 
 

 
 
 
 
 
 
 

21. The first 10 meters of a 100-meter dash are covered in 2 seconds by a sprinter who starts from rest and accelerates 
with a constant acceleration. The remaining 90 meters are run with the same velocity the sprinter had after 2 seconds. 
 

a. Determine the sprinter’s constant acceleration during the first 2 seconds. 
 
 
 
 
 
 

b. Determine the sprinter’s velocity after 2 seconds have elapsed. 
 
 
 
 
 
 

c. Determine the total time needed to run the full 100 meters. 
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22. The drawings above represent strobe (flash) photographs of a ball moving in the direction of the arrow. The circles 
represent the positions of the ball at succeeding instants of time. The time interval between successive positions is 
the same in all cases.  
 

a. Rank the magnitude of the ball’s average velocity in the last time interval from greatest to least. Explain your 
reasoning. 

 
 
 

b. Rank the magnitude of the acceleration based on the drawings from greatest to least. Explain your reasoning. 
 
 
 

23. Sarah throws a ball straight up in the air with an initial velocity of 19.62 m/s.  
 

a. How long will the ball be in the air before Sarah catches it? (Assume it is caught at the same height from which 
it is thrown.) 

 
 
 
 

b. What maximum height will the ball reach? 
 
 
 
 

c. Sketch a position vs. time, velocity vs. time and acceleration vs. time graph representing the ball’s motion. 

 
 
 
 

24. A sky diver is using a camera to film his jump. Near the end of his jump, when he is at a height of 50m and falling at a 
constant rate of 10 m/s, he accidentally drops his camera.  
 

a. With what velocity does the camera strike the ground?  
 
 
 
 
 

b. How many seconds does it take for the camera to strike the ground after it is dropped?  
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c. What if (for some bizarre reason) the sky diver threw the camera upward with a velocity of 10m/s (relative to 
the ground) and let the camera fall to the ground. How would the velocity that the camera struck the ground 
with compare to that of part (a)? How would the time in flight compare to that of part (b)? 

 
 
 

 
 

25. As part of a Halloween festival, a large pumpkin is fired from a cannon, as shown in the image above. It emerges out of 
the cannon at an angle of 60 degrees above the horizontal with a speed of 20 m/s. Air resistance is negligible. 
 

a. At which of the points O, A,B ,C, or D is the magnitude of the vertical component of the pumpkin’s velocity (its 
vertical speed) the greatest? The least?  
 
 
 

b. At which of the points O, A, B, C, or D is the magnitude of the horizontal component of the  pumpkin’s velocity 
(its horizontal speed) the greatest? The least?  

 
 
 

c. At which points is the magnitude of the acceleration the greatest? The least?  
 
 
 

d. What is the direction of the pumpkin’s acceleration at each point?  

 

26. For each of the following scenarios, sketch position vs. time and a velocity vs. time graphs. Include appropriate 
numerical scales along both axes. A small amount of computation may be necessary. 

 

a. Parachutist Jane opens her parachute at an altitude of 1500 meters. She then descends slowly to earth at a 
steady speed of 15 m/s. Start your graphs as her parachute opens. 
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b. Trucker Bob starts the day 120  km west of Denver. He drives east for 3 hours at an average 90 km/h  before 
stopping for his coffee break. Let Denver be located at x = 0 km and assume the x-axis points to the east. 
 
 
 
 
 
 
 

c. Sprinter Lisa is in the ready position at the starting line of the 100-meter dash. When the shot is fired, she 
accelerates from rest at a steady 8 m/s2 until she crosses the finish line. 

 
 
 
 
 
 

d. Crazy teenage driver Jason is cruising down Research Forest Dr. A stop light turns green and he floors it, 
accelerating at 10 m/s2 until he reaches a max speed of 30 m/s. He is only able to maintain this speed for 30 
seconds until he encounters another red light and must quickly decelerate to a stop at 20 m/s2. 
 
 
 
 
 
 
 

27. A cart rolling at a constant velocity fires a ball straight up. Ignore the effects of air resistance. 
 

a. When the ball comes down, will it land in front of the launching tube, behind the launching tube, or directly in 
it? Explain your answer. 
 
 
 
 
 
 

b. Will your answer change if the cart is accelerating in the forward direction? If so, how? 

 
 
 
 

 

28. Four balls are simultaneously launched with the same speed from the same height h 
above the ground, as shown to the right. At the same instant, ball 5 is released from rest 
at the same height. Rank in order, from shortest to longest, the amount of time it takes 
each of these balls to hit the ground. Explain your answer.  
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29. The graphs below show the velocity of two objects during the same time interval. 
 

 
 

Three students are discussing the displacements of these objects for this interval. 
 
Ariel: “I think Object 2 will have the greater displacement because it gets to a higher speed faster than Object 1.” 
 

Brody: “Object 1 spends most of its time speeding up, but object 2 spends most of its time slowing down. Object 1 
will go farther.” 

 

Cyrus: “The displacement is found from the integral or area of the velocity graphs. But in this case we don’t know 
what the integration constant or the initial position is that we need to add to the integral or area. We don’t 
have enough information to find the displacement.” 

 
Which, if any, of these three students do you agree with? Explain your reasoning. 

 
 
 
 

 
30. A 0.50 kg cart moves on a straight horizontal track. The graph of velocity vs. time for the cart is given below. 

 

 
 

a. Indicate every time t for which the cart is at rest. 
 
 
 

b. Indicate every time interval for which the speed (magnitude of velocity) of the cart is increasing. 
 
 
 

c. Determine the horizontal position x of the cart at t = 9.0 s if the cart is located at x = 2.0 m at t = 0. d.   

 


