
Kinematics Homework 
 

Assignment #1 
 
Textbook: Read Section 2-1, 2-2 
 
Online: 1-D Kinematics Lesson 1a, 1b, 1c, 1d 
http://www.physicsclassroom.com/Physics-

Tutorial/1-D-Kinematics 
 
 * problems are for all students 
 ** problems are for honors physics 
 
1. * Does a car speedometer measure speed, 

velocity, or both? How does a compass on a 
car distinguish between speed and velocity? 
 

2. * The Olympic record for the women’s 
marathon is 2 hours, 23 minutes, and 7 
seconds. The marathon covers a distance of 26 
miles and 385 yards. Convert the distance to 
meters, and the time to seconds, and then 
calculate the average speed in meters per 
second. Look up conversions in appendix. 
4.91 m/s 

3. * You are driving home from college at a 
speed of 95 km/h for 130 km. It then begins to 
rain and you slow to 65 km/h. You arrive 
home after driving 3 hours and 20 minutes. (a) 
How far is your college from home? (b) What 
was your average speed? (c) Draw a distance 
vs. time graph for the entire trip. 
258 km, 77.3 km/h 

4. * A horse runs away from its trainer in a 
straight line, moving 116 m in 14.0 s. It then 
turns abruptly and gallops halfway back in 
4.80 s. Calculate (a) its average speed, and   
(b) its average velocity for the entire trip, 
assuming “away from its trainer” is the 
positive direction. 
9.26 m/s, +3.09 m/s 

5. * A bowling ball traveling with constant speed 
hits the pins at the end of a bowling lane that 
is 60 feet long (convert to meters). The bowler 
hears the sound of the ball hitting the pins 
2.50 s after the ball is released from his hands. 
What is the speed of the ball (assuming typical 
speed of sound)? 
7.47 m/s 

6. ** A car traveling 88 km/h is 110 m behind a 
truck traveling 75 km/h along a straight road. 
(a) How much time will it take the car to reach 
the truck? (b) How far will the car travel to 
catch up? 
30.5 s, 745 m 
 

Assignment #2 
 
Textbook: Read Section 2-3 
 
Online: 1-D Kinematics Lesson 3a, 3b 
http://www.physicsclassroom.com/Physics-

Tutorial/1-D-Kinematics 
 
7. * (a) You travel from point A to point B in a 

car moving at a constant speed of 70 km/h. 
Then you travel the same distance from point 
B to point C, moving at a constant speed of  
90 km/h. Is your average speed for the entire 
trip from A to C 80 km/h? Explain why or 
why not. ** (b) Calculate the average speed 
(the distance is not known but will cancel in 
the solution!) 
78.8 km/h 

8. * (a) On a position vs. time graph, what 
represent average velocity? (b) On a position 
vs. time graph, what represents instantaneous 
velocity? (c) Referring to the position vs. time 
graph shown below, at t = 1 s, is the speed of 
object A greater than, less than, or equal to the 
speed of object B? (d) Do objects A and B 
ever have the same speed? If so, at what time 
or times? Explain. 

 
~2.7 s 

9. * (a) In car racing, is it possible for the car 
with the greatest speed crossing the finish line 
to lose the race? Explain. (b) Draw a graph of 
distance vs. time, showing three cars (A,B,C) 
that finish a 400 m drag race, with the losing 
car having the highest speed at the finish line. 



10. * (a) Calculate the average speed of a car 
completing a round-trip in which the outgoing 
250 km is covered at 95 km/h, followed by a 
1.0 h break, and then the return 250 km is 
covered at 55 km/h. (b) Create a graph of 
distance vs. time for the trip. (c) Repeat the 
calculation for the average velocity of the car. 
(d) Graph position vs. time graph for the trip. 
61.1 km/h; 0 km/h 

11. * If the average speed of an orbiting satellite is 
27,800 km/h, determine the time required for 
it to circle the Earth. The radius of the Earth is 
6380 km, and this satellite orbits at 320 km 
above the Earth’s surface. Convert answer to 
minutes. 
90.9 min 

12. * In a 5.0 km race, one runner runs at a steady 
12.0 km/h and another runs at 14.5 km/h. (a) 
How many minutes does the faster runner 
have to wait at the finish line for the slower 
runner cross? (b) Draw a graph of distance vs. 
time and show your answer on the graph. 
4.31 min 

13. ** Swimmer A in a relay race has a 0.50 s 
lead and is swimming at a constant speed of 
4.0 m/s. Swimmer A has 50.0 m to swim 
before reaching the end of the pool. Swimmer 
B moves in the same direction as swimmer A. 
What constant speed must swimmer B have in 
order to catch up to swimmer A? 
4.17 m/s 
 

Assignment #3 
 
Online: 1-D Kinematics Lesson 3c 
http://www.physicsclassroom.com/Physics-

Tutorial/1-D-Kinematics 
 
14. * You are driving down the road at a constant 

speed. Another car going a bit faster catches 
up with you and passes you. Draw a position 
vs. time graph for both cars on the same set of 
axes, and note the point on the graph where 
the other car passes you. 
 

15. * Write a short description, including 
quantitative values and units, of the motion of 
each real object for which the position vs. time 
graph is shown below. 
 

     
 

 object A object B 
 

16. * An object’s position vs. time graph is shown 
below. Letters A to E identify various 
segments of motion with constant slope. 
 

 
 

(a) In which segments is the object at rest? 
(b) In which segment(s) is the object moving 
in the positive direction? Negative direction? 
(c) Calculate the velocity of the object in 
segments A, C, and E. 
+0.75 m/s; -0.5 m/s; -2.0 m/s 

17. * An object’s position vs. time graph is shown 
below. Letters A to E identify various instants. 
 

 
 

Trace the graph, and then identify at which 
lettered points (instants) the object is: 
(a) at rest? (b) moving fastest? (c) speeding 
up? (d) slowing down? (e) turning around? 
 

18. * As a rule of thumb, every five seconds 
between a lightning flash and thunder gives 
the distance to the flash in miles. Estimate the 
speed of sound in m/s from this rule. 
322 m/s 



19. ** The figure below shows a motion diagram 
(ticker tape) with a clock reading, in seconds, 
shown at each position. From t = 9 s to t = 15 s 
the object is at the same position. After that, it 
returns along the same track. The positions of 
the dots for t ≥ 16 s are offset for clarity. 

 
 

(a) With a ruler, measure the position (in mm) 
for each dot, and on graph paper, plot each 
point on a position (mm) vs. time (s) graph. 
(b) Draw a best-fit line/curve for each segment 
of the graph. 
(c) Determine the velocity of the object during 
the time from t = 16 s to t = 23 s. 
(d) Find the velocity of the object at t = 3 s. 
 
 

Assignment #4 
 
Textbook: Read Section 2-4 
 
Online: 1-D Kinematics Lesson 4a, 4b, 4c, 4d 
http://www.physicsclassroom.com/Physics-

Tutorial/1-D-Kinematics 
 
20. * An object moving on the x-axis has a 

velocity vs. time graph shown below. Letters 
A to F identify various segments of motion 
with constant slope. 

 
In which segment(s) is the (a) velocity 
constant? (b) speeding up? (c) slowing down? 
(d) moving to the right? 
 

21. * Draw a velocity vs. time graph showing how 
Car A can have a higher velocity than Car B, 
but Car A has a lower acceleration than Car B. 
** Draw the corresponding position vs. time 
graph for each car. 
 

22. * Can the velocity of an object be negative 
when its acceleration is positive? Explain. Can 
the velocity be positive while its acceleration 
is negative? Draw a velocity vs. time graph to 
show your explanations. 
 

23. * A tennis ball is hit with a speed of 10.0 m/s 
against a wall. It returns the opposite direction 
with a speed of 8.0 m/s, after being in contact 
with the wall for 0.045 s. What is the average 
acceleration of the ball while in contact with 
the wall? 
-400 m/s2 

24. * A car can accelerate approximately as 
shown below in the following velocity vs. 
time graph. The short flat spots in the curve 
represent shifting of the gears. Estimate the 
average acceleration of the car (a) in 2nd gear,  
and (b) in 4th gear, by finding the slope of a 
secant line drawn on the graph. 
 

 
~2.5 m/s2; ~0.75 m/s2 

25. ** The figure below shows a velocity vs. time 
graph for a particle moving along the x-axis. 
At time t = 0 s, assume that x = 0 m. 
(a) What are the particle’s position, velocity, 
and acceleration at t = 1.0 s? 
(b) What are the particle’s position, velocity, 
and acceleration at t = 3.0 s? 
 

 
4.0 m, 4.0 m/s, 0 m/s2; 11.0 m, 2.0 m/s, -2.0 m/s2 

26. ** At highway speeds, a particular automobile 
is capable of an acceleration of about 1.6 m/s2. 
At this rate, how long does it take to 
accelerate from 80 km/h to 110 km/h? 
5.21 s 



Assignment #5 
 
Textbook: Read Section 2-5 
 
Online: 1-D Kinematics Lesson 6a, 6b 
http://www.physicsclassroom.com/Physics-

Tutorial/1-D-Kinematics 
 
27. * A sprinter accelerates from rest to 10.0 m/s 

in 1.35 s. What is her acceleration (a) in m/s2, 
and (b) in km/h2? 
7.41 m/s2; 9.60 x 104 km/h2 

28. * A small plane, starting from rest, must reach 
a speed of 33 m/s for takeoff. (a) How long a 
runway is needed if the plane has a constant 
acceleration of 3.0 m/s2 during takeoff? (b) 
How much time does it take during takeoff? 
Find an answer to part (b) with a 2nd method. 
182 m; 11.0 s 

29. * A sports car moving at constant speed 
travels 110 m in 5.0 s. (a) If it then brakes and 
comes to a stop in 4.0 s what is its acceleration 
in m/s2? Also, express the answer in terms of 
g, where g = 9.80 m/s2. (b) How far did the 
sports car travel for the entire 9.0 s? 
(c) Draw a position vs. time and a velocity vs. 
time graph for this motion over 9.0 s. 
-5.5 m/s2, -0.56g; 154 m  

30. * A pitcher throws a baseball with a speed of 
98 miles per hour. In throwing the baseball, 
the pitcher accelerates the ball through a 
displacement of about 2.8 m from behind the 
body (position 3 below) to the point of release 
(position 6 below). Determine the acceleration 
of the baseball during the pitching motion. 
 

 
343 m/s2 

31. * A car starts from rest and travels for 5.0 s 
with a constant acceleration of +1.5 m/s2. The 
driver then applies the brakes, causing a 
constant acceleration of –2.1 m/s2. The brakes 
are applied for 3.0 s. (a) How fast is the car 
moving after at the end of the braking period? 
(b) How far has the car gone from its start? 
1.20 m/s; 31.8 m 

32. ** Determine the stopping distance for a car 
with an initial speed of 95 km/h, a human 
reaction time of 1.0 s, and an acceleration of  
–8.0 m/s2. 
69.9 m 

33. ** A simple model for a person running the 
100 m dash is to assume the sprinter runs with 
constant acceleration until reaching top speed, 
then maintains that speed through the finish 
line. If a sprinter reaches his top speed of 11.2 
m/s in 2.14 s, what will be his total time? 
10.0 s 
 

Assignment #6 
 
Textbook: Read Section 2-6 
 
34. * A sports car called the Bugatti Veyron is 

capable of starting from rest and reaching a 
velocity of 60 miles per hour in 2.46 seconds. 
(a) Calculate the acceleration of the car. 
(b) Calculate the car’s displacement.  
10.9 m/s2; 33.0 m 

35. * In coming to a stop, a car has left black tire 
marks of length 92 m on a road. Assuming the 
best rate of slowing down for this car is 7 m/s2 
calculate the velocity of the car just before 
braking. 
35.9 m/s 

36. * A Porsche challenges a Honda to a 400 m 
race. The Porsche accelerates from rest at 3.5 
m/s2, and the Honda starts from rest 50 m 
ahead because the Honda only accelerates at 
3.0 m/s2. Who wins the race, and by how 
much distance? 
Porsche by 7.0 m 

37. * A speeder moving at a constant velocity of 
30 m/s passes a parked police car. The police 
car begins to accelerate at 2.50 m/s2 
immediately to catch up to and ticket the 
speeder! (a) How much time does it take the 
police car to catch up to the speeder? (b) How 
far does the speeder get before being caught 
by police? (c) Draw a position vs. time graph 
and velocity vs. time graph for the motion of 
both cars. 
24 s; 720 m 



38. * A person driving her car at 12.5 m/s 
approaches an intersection just as the traffic 
light turns yellow. She knows that the yellow 
light lasts only 2.0 s before turning red, and 
she is 28 m away from the beginning of the 
intersection, which is 15 m wide, as shown 
below. Using the gas pedal she can accelerate 
at 3.5 m/s2 and using the brake pedal she can 
accelerate at –5.8 m/s2. Ignoring reaction time 
and car length, determine whether she should 
try to stop or speed up to be a legal driver. 
 

 
stop! (in 13.5 m), if not, only goes 32 m 

39. ** Two cars at a light decide to race each 
other. Car A accelerates from rest at 3.6 m/s2. 
Car B accelerates from rest at 5.8 m/s2, but 
gets started 2.5 seconds after car A. 
(a) From the time car A starts, determine the 
time it takes for car B to pass car A. 
(b) Determine the distance each car travels 
from the time that Car A starts. (c) Determine 
the velocity of each car at the passing point. 
11.8 s; 250 m; 42.4 m/s, 54.8 m/s 

40. ** A runner hopes to complete the 10,000 m 
run in less than 30 min. After exactly 27 min, 
there are still 1100 m to go. The runner must 
then accelerate at 0.20 m/s2 for how many 
seconds in order to achieve the 30 min time? 
3.11 s 

Assignment #7 
 
Textbook: Read Section 2-7 (pages 31-32) 
 
Online: 1-D Kinematics Lesson 5a, 5b, 5c, 5d 
http://www.physicsclassroom.com/Physics-Tutorial/1-D-Kinematics 
 
41. * A baseball is thrown vertically upwards. 

Assume that air friction on the baseball is 
negligible. (a) Draw a velocity vs. time graph 
for the baseball from the time of release to the 
time it is caught (at the original height). 
(b) What happens to the baseball’s velocity 
during its motion? (c) What happens to the 
baseball’s acceleration during its motion? 
(d) Label on the graph the upward motion, the 
peak of the path, and the downward motion. 

42. * From the top of a building, object A is 
dropped from rest, object B is thrown upward, 
and object C is thrown downward (at the same 
speed as object B). (a) Graph velocity vs. time 
for each object until it hits the ground below. 
(b) What kinematic quantities are the same for 
each? What kinematic quantities are different? 
 

43. * (a) Determine how long it took King Kong 
to fall straight down from the top of the 
Empire State Building (380 m high). 
(b) Determine King Kong’s landing speed. 
8.81 s, 86.3 m/s 

44. * A baseball is popped straight up into the air 
with a speed of 35 m/s. (a) How high does it 
go? (b) How long until the ball returns? 
62.5 m; 7.14 s 

45. ** A stone is thrown vertically upward with a 
speed of 18.0 m/s. (a) How fast is it moving 
when it reaches a height of 11.0 m? (b) How 
long is required to reach this height? (c) Why 
are there two answers to part (b)? 
10.4 m/s; 0.77 s 
 

Assignment #8 
 
Textbook: Read Section 2-7 (pages 33-34) 
 
Online: 1-D Kinematics Lesson 5e, 6c 
http://www.physicsclassroom.com/Physics-

Tutorial/1-D-Kinematics 
 
46. * A parachutist is descending at a speed of 10 

m/s and drops a camera at an altitude of 50 m. 
(a) How long does it take for the camera to hit 
the ground? (b) What is the impact velocity of 
the camera when it hits the ground? 
2.33 s; -32.9 m/s 

47. * A rocket moves upward, starting from rest 
with an acceleration of 3g (+29.4 m/s2). It runs 
out of fuel after 4.0 s, but coasts further 
upward to a maximum height. (a) Determine 
the maximum height. (b) Determine the time 
to reach that height. (c) Graph position vs. 
time and velocity vs. time for the motion. 
941 m; 16.0 s 

48. * A ball is thrown vertically upward with a 
speed of 19.6 m/s. (a) What are the velocity 
and height of the ball after 1.0, 2.0, 3.0, 4.0 s? 
(b) Draw a graph of position vs. time and 
velocity vs. time for the ball. 
+9.8, 0, -9.8, -19.6 m/s 14.7, 19.6, 14.7, 0 m 



49. * A ballplayer catches a ball 3.0 s after 
throwing it vertically upward. With what 
speed did he throw it, and what height did it 
reach? Assume throw and catch are at same 
elevation. 
14.7 m/s, 11.0 m 

50. ** A rock is dropped from a sea cliff, and the 
sound of it striking the ocean is heard 3.2 s 
later. If the speed of sound is 345 m/s, how 
high is the cliff? 
46.1 m 

51. ** A falling stone takes 0.33 s to travel past a 
window 2.2 m tall as shown below. (a) From 
what height above the top of the window did 
the stone fall? (b) What is the velocity at 
bottom of the window? 

 
1.30 m; -8.28 m/s 
 

Assignment #9 
 
52. * Using just a stopwatch, how would you 

estimate the maximum height you could throw 
a ball vertically upward? How would you 
estimate the maximum speed you could give 
this ball? Refer to equations in your answer. 
 

53. * A pitcher can throw a baseball vertically 
upward 1.5 times faster than a catcher can. 
How many times higher will the pitcher’s 
baseball go than the catcher’s baseball? 
2.25 higher 

54. * A helicopter is ascending vertically with a 
constant speed of 5.20 m/s. At a height of   
125 m above ground, a package is dropped 
from the helicopter. (a) How much time does 
it take to reach the ground? (b) How far above 
ground is the helicopter when the package 
lands? (c) Make a graph of vertical position 
vs. time for both the package and helicopter, 
and show on the graph the answer for part (b). 
5.61 s; 154.2 m 

55. * A person steps off a diving board 4.0 m 
above the water’s surface into a pool. The 
person’s downward motion stops 2.0 m below 
the surface of the water. Calculate the 
magnitude and direction of the average 
acceleration of the person while in the water. 
+19.6 m/s2 

56. * Pelicans tuck their wings and free fall 
straight down when diving for fish. Suppose a 
pelican starts its dive from a height of 16.0 m 
and cannot change its path once committed. If 
it takes a fish 0.20 s to perform evasive action, 
at what minimum height must it spot the 
pelican to escape? Assume the fish is at the 
surface of the water. 
3.3 m 

57. ** A stone is dropped from the roof of a 
building, and 2.0 s after that, a second stone is 
thrown straight down with an initial speed of 
25.0 m/s, and the two stones land at the same 
time. (a) How long did it take the first stone to 
reach the ground? (b) How high is the 
building? (c) What are the speeds of the two 
stones just before they hit the ground? 
5.63 s; 155 m; 55.2 m/s, 60.6 m/s 
 

Assignment #10 
 
Textbook: Read Section 3-1, 3-2 
 
Online: Vectors, 2-D Kinematics Lesson 1a,1b,1c 
http://www.physicsclassroom.com/class/vectors 
 
DO PROBLEMS 58-63 GRAPHICALLY WITH 
A RULER AND PROTRACTOR 
 
58. * A delivery truck travels 18 blocks north, 10 

blocks east and 12 blocks south. Draw these 
displacement vectors in order, head to tail, and 
find the resultant vector graphically (using a 
ruler and protractor, not a calculator!) 
12 blocks, 60˚ E of N 

59. * Two vectors, of magnitude 55 units and 25 
units are added together. Explain and draw a 
vector diagram to show which of the 
following is a possible resultant for the 
vectors: 20, 55, or 85. 
 



60. * Three vectors are shown below, with their 
magnitudes (no units) and angles given. 
Determine the magnitude and direction of the 
resultant of (a)  

!
A +
!
B  and (b)  

!
A +
!
C , using a 

scale of 1 unit = 1 mm, drawing head to tail 
addition with a ruler and protractor. 

 

 
~49 units, 60˚; ~40 units, 345˚ 

61. * Referring to the previous question and 
diagram, use graphical methods to determine 
the magnitude and direction of: 
(a)  
!
A –
!
B+
!
C   (b)  

!
C –
!
A +
!
B  

~63 units, 330˚; ~61 units, 210˚ 
62. * Graphically determine the resultant of the 

following three vector displacements: 
(1) 34 m, 25˚ north of east; (2) 48 m, 33˚ east 
of north; and (3) 22 m, 56˚ west of south. Use 
a ruler and protractor to make a scale drawing. 
~57 m, 42˚ E of N 

63. ** A pilot in a small plane encounters shifting 
winds. He flies 26.0 km exactly northeast, 
then 45.0 km due north. From this point, he 
flies and additional distance in an unknown 
direction, only to find himself at a small 
airstrip that his map shows to be 70.0 km 
directly north of his starting point. Use 
graphical methods to find the length and 
direction of the third leg of his trip. 
~20 km, 20˚ N of W 
 

 
Assignment #11 

 
Textbook: Read Section 3-3, 3-4 
 
Online: Vectors, 2-D Kinematics Lesson 1d, 1e, 1f 
http://www.physicsclassroom.com/class/vectors 

 
DO PROBLEMS 64-69 ANALYTICALLY 
WITH A CALCULATOR 

 

64. * Repeat problem 60 using analytical methods 
(calculate components of each vector, then 
add x-components and y-components, then 
find resultant vector r,θ). 
48.9 units, 60.6˚; 40.2 units, 345.1˚ 

65. * A girl walking her dog travels three blocks 
west, four block north, then six blocks east. 
What is her resultant displacement? (Use 
analytical method for resultant.) 
5 blocks, 53.1˚ N of E 

66. * Draw each of the following vectors, then use 
analytical method to find its x-component and 
y-component with trigonometry: 

 

 

(a) !r = 100 m, 20˚ below the +x-axis
(b) !v = 20 m/s, 30˚ left of the +y-axis
(c) !a = 5.0 m/s2, 40˚ below the –x-axis

 

94.0, -34.2 m; -10.0, 17.3 m/s; -3.83, -3.21 m/s2 
67. * Each of the following vectors is given in 

terms of its x-components and y-components. 
Draw the vector, label an angle that specifies 
the vector’s direction, then use analytical 
method to find the vector’s magnitude and 
direction: 

 
(a) x = 10 m, y = 30 m
(b) vx = −20 m/s, vy = 30 m/s

(c) ax = −3 m/s2, ay = −6 m/s2

 

31.6 m, 71.6˚; 36.1 m/s, 123.7˚; 6.71 m/s2, 243.2˚ 
68. * While visiting England, you decide to take a 

jog and find yourself in the neighborhood 
shown in the map below. Use analytical 
method to find your displacement after 
running 2.0 km on Strawberry Fields, 1.0 km 
on Penny Lane, and 4.0 km on Abbey Road? 

 
5.02 km, 24.3˚ North of East 

69. ** Repeat problem 61 using analytical 
methods (trig components, then resultant). 
62.6 units, 328.9˚; 61.3 units, 208.9˚ 

  



Assignment #12 
 
Textbook: Read Section 3-5, 3-6 (pages 56-57) 
 
Online: Vectors, 2-D Kinematics Lesson 2a - 2d 
http://www.physicsclassroom.com/class/vectors 
 
70. * A bullet is fired horizontally from a pistol, 

and another bullet is dropped simultaneously 
from the same height. If air resistance is 
neglected, which bullet hits the ground first? 
(Mythbusters tested this concept!) 
 

71. * A ball is thrown horizontally from a 20 m 
high building with a speed of 5.0 m/s. 
(a) Make a sketch of the ball’s trajectory. 
(b) Draw a graph of vx, the horizontal velocity, 
as a function of time. Include units on graph. 
(c) Draw a graph of vy, the vertical velocity, as 
a function of time. Include units on graph. 
(d) How far from the base of the building does 
the ball hit the ground? 
10.1 m 

72. * The cliff divers of Acapulco push off 
horizontally from rock platforms about 35 m 
above the water, but they must clear rocky 
outcrops at water level 
that extend out into the 
water 5.0 m from the base 
of the cliff directly under 
their launch point. (a) 
How long are they in the 
air? (b) What minimum 
push-off speed is 
necessary to clear the 
rocks? 
2.67 s; 1.87 m/s 

73. * The fastest pitch recorded in Major League 
Baseball was thrown by Aroldis Chapman in 
2010. If this pitch were thrown horizontally, 
the ball would fall 29.2 inches by the time it 
reached home plate, 60 feet away. How fast 
was this pitch in miles per hour and in meters 
per second? (Careful with unit conversions!) 
47.0 m/s, 105.1 mph 

74. * A person at the edge of a cliff throws a stone 
horizontally with a speed of 18 m/s at a height 
of 52 m above a pool of water. What is the 
magnitude and direction of the stone’s 
velocity when it lands in the water? 
36.6 m/s, -60.6˚ 

75. ** When serving, a tennis player aims to hit 
the ball horizontally. Assume the ball is 
served from a height of 8.0 feet (player 
reaches for tossed ball with racquet) and the 
ball must clear a 3.0 feet high net that is 39.0 
feet from the server, and must land in front of 
the service line which is 21.0 feet behind the 
net. See drawing below for details. What are 
the minimum and maximum initial speeds for 
the serve to be legal? (Convert to meters first.) 

 

 
21.3 m/s, 25.9 m/s 
 

Assignment #13 
 
Textbook: Read Section 3-6 (pages 58-59, honors 

58-61) 
 
Online: Vectors, 2-D Kinematics Lesson 2e, 2f 
http://www.physicsclassroom.com/class/vectors 
 
76. * For a projectile launched with an angle 

above horizontal (for example, 30˚), which of 
the following quantities: x, y, vx, vy, ax, ay are 
constant, increasing, decreasing, or zero? 
 

77. * A daredevil is shot out of a cannon at 45.0˚ 
to the horizontal with an initial speed of 25.0 
m/s. A net is positioned at a horizontal 
distance of 50.0 m from the cannon. At what 
height above the cannon should the net be 
placed in order to catch the daredevil? 
10.8 m 

78. * A place kicker must kick a football from a 
point 36.0 m from the goal. The ball must 
clear the crossbar, which is 3.05 m high. 
When kicked, the ball leaves the ground with 
a speed of 20.0 m/s at an angle of 53.0˚ to the 
horizontal. (a) By how much does the ball 
clear or fall short of clearing the crossbar? 
(b) Does the ball approach the crossbar while 
still rising or while falling? 
0.89 m; falling at -13.3 m/s 



79. * On the Apollo 14 mission to the moon, 
astronaut Alan Shepard hit a golf ball with a 
golf club improvised from a tool. The free fall 
acceleration on the moon is 1/6 of its value on 
earth. Suppose he hit the ball with a speed of 
25 m/s at an angle of 30˚ above the horizontal. 
(a) How long was the ball in flight? (b) How 
far did it travel? (c) Ignoring air friction, how 
much farther would it travel on the moon than 
on earth? 
15.3 s; 331 m; 276 m farther 

80. * Romeo is chucking pebbles gently up to 
Juliet’s window, and he wants the pebbles to 
hit the window with only a horizontal 
component of velocity. He is standing 4.5 m 
below her window and 5.0 m from the base of 
the window, as shown in the diagram below. 
How fast are the pebbles moving when they 
hit her window? 

 
5.22 m/s 

81. ** An athlete competing in the long jump 
leaves the ground at a 28.0˚ angle and travels 
7.80 m. What was the jumper’s takeoff speed? 
9.60 m/s 
 

Assignment #14 
 
Textbook: Read Section 3-7 (Honors only) 
 
Online: Vectors, 2-D Kinematics Lesson 2g 
http://www.physicsclassroom.com/class/vectors 
 
82. * A football is thrown toward a receiver with 

an initial speed of 18.0 m/s at an angle of 
35.0˚ above the horizontal. At that instant, the 
receiver is 15.0 m from the quarterback. In 
what direction and with what constant speed 
should the receiver run to catch the football at 
the level at which it was thrown? 7.63 m/s 

83. * A rescue plane wants to drop supplies to 
mountain climbers on a ridge 235 m below. 
The plane is traveling horizontally with a 
speed of 250 km/h. See diagram below. 
(a) How far in advance of the climbers 
(horizontal distance) must the supplies be 
dropped? (b) Suppose, instead, that the plane 
(still flying horizontally) releases the supplies 
a known distance of 425 m in advance of the 
climbers. What initial vertical velocity (up or 
down) should the supplies be given so that 
they arrive at the climbers position? 

 
481 m; -8.41 m/s 

84. * A projectile is launched from ground level 
to the top of a cliff, which is 195 m away and 
135 m high, as shown in the diagram below. If 
the projectile lands on top of the cliff 6.6 s 
after it is fired, find the initial velocity of the 
projectile (magnitude and direction). 
 

 
60.5 m/s, 60.8˚ 

85. * In a scene in an action movie, a stuntman 
jumps from the top of one building to the top 
of another building 4.0 m away. After a 
running start, he leaps at an angle of 15˚ from 
the horizontal with a speed of 5.0 m/s. Will he 
make it to the other roof, which is 2.5 m 
shorter then the building he jumps from? 
he makes it 0.15 m 



86. ** When Babe Ruth hit a homer over a 7.5 m 
high fence that was 95 m from home plate, 
what was the minimum speed of the ball when 
it left the bat, assuming it was hit with a 38˚ 
angle and a height of 1.0 m above the ground? 
32.4 m/s 

87. ** A fire hose near the 
ground shoots water at 
a speed of 6.5 m/s as 
shown to the right. At 
what angle(s) should 
the nozzle point in 
order that the water 
land 2.5 m away? Why 
are there two answers? 
17.7˚, 72.3˚ (compliments) 
 

Assignment #15 
 
Textbook: Read Section 3-8 (pages 58-59) 
 
Online: 1-D Kinematics Lesson 1g, 1h 
http://www.physicsclassroom.com/class/vectors 
 
88. * Two rowers, who can row at the same speed 

in still water, set off across a river at the same 
time. One heads straight across and is pulled 
downstream somewhat by the current. The 
other one heads upstream at an angle so as to 
arrive at a point exactly opposite the starting 
point. What rower reaches the other side of the 
river first? Make a vector diagram, to scale, 
for each situation to prove your answer. 
 

89. * Huck Finn walks at a speed of 0.70 m/s 
across his raft. The raft is traveling down the 
Mississippi River at a speed of 1.70 m/s 
relative to the river bank, as shown in the 
diagram. What is Huck’s velocity (speed and 
direction) relative to the river bank? 
 

 
1.84 m/s, 22.4˚ relative to river 

90. * The pilot of a plane needs to fly due west in 
a 50.0 km/h wind blowing toward the south. 
The speed of the plane in the absence of a 
wind is 205 km/h. (a) In what direction must 
the pilot fly? (b) What is the plane’s ground 
speed? (c) Draw a vector diagram to scale. 
199 km/h, 14.1˚ N of W 

91. * Two children who are bored while waiting 
for their flight at the airport decide to race 
from one end of a 60 m long moving sidewalk 
to the other end and back. The boy runs on the 
sidewalk at 4.0 m/s (relative to the sidewalk). 
The girl runs on the floor next to the sidewalk 
at 4.0 m/s. The sidewalk moves at 1.0 m/s 
relative to the floor. Who wins the race, and 
by how much time? 
girl by 2.0 s 

92. * You are driving on a highway at 25 m/s in a 
snowstorm. The snow is falling down 
vertically, but it is passing the windows of the 
moving car at an angle of 30˚ to the 
horizontal. Calculate the speed of the snow 
relative to the car and relative to ground.  
Draw a vector diagram for this problem. 
28.9 m/s, 14.4 m/s 

93. ** An airplane is heading due south at a speed 
of 600 km/h. If a wind begins blowing from 
the southwest at a speed of 100 km/h. 
(a) Calculate the velocity (magnitude and 
direction) of the plane relative to the ground, 
and (b) In what direction should the pilot fly 
the plane so that it will fly due south? Draw a 
vector diagram for each part of this problem. 
534 km/h, 7.60˚ E of S; 6.77˚ W of S 

94. ** A boat, whose speed in still water is 1.70 
m/s, must cross a 260 m wide river and arrive 
at a point 110 m upstream from where it starts 
as shown in the diagram below. To do so, the 
pilot must head the boat at a 45˚ upstream 
angle. What is the speed of the river’s current? 
 

 
0.69 m/s 


