
Mid Term Study Guide 

 

Part I: The Science of Physics – Scientific Notation – Conversion Factors  

 
Multiple Choice 

Identify the choice that best completes the statement or answers the question. 

 

____ 1. Which of the following is an area of physics that studies motion and its causes? 

a. thermodynamics c. quantum mechanics 

b. mechanics d. optics 
 

 

____ 2. Listening to your favorite radio station involves which area of physics? 

a. optics c. vibrations and wave phenomena 

b. thermodynamics d. relativity 
 

 

____ 3. A baker makes a loaf of bread. Identify the area of physics that this involves. 

a. optics c. mechanics 

b. thermodynamics d. relativity 
 

 

____ 4. A hiker uses a compass to navigate through the woods. Identify the area of physics that this involves. 

a. thermodynamics c. electromagnetism 

b. relativity d. quantum mechanics 
 

 

____ 5. According to the scientific method, why does a physicist make observations and collect data? 

a. to decide which parts of a problem are important 

b. to ask a question 

c. to make an interpretation 

d. to solve all problems 
 

 

____ 6. According to the scientific method, how does a physicist formulate and objectively test hypotheses? 

a. by defending an opinion c. by experiments 

b. by interpreting graphs d. by stating conclusions 
 

 

____ 7. In the steps of the scientific method, what is the next step after formulating and objectively testing 

hypotheses? 

a. interpreting results 

b. stating conclusions 

c. conducting experiments 

d. making observations and collecting data 
 

 

____ 8. What two dimensions, in addition to mass, are commonly used by physicists to derive additional 

measurements? 

a. length and width c. length and time 

b. area and mass d. velocity and time 
 

 

____ 9. The symbol mm represents a 

a. micrometer. c. megameter. 

b. millimeter. d. manometer. 
 

 

____ 10. The SI base unit used to measure mass is the 

a. meter. c. kilogram. 

b. second. d. liter. 
 



 

____ 11. The SI base unit for time is 

a. 1 day. c. 1 minute. 

b. 1 hour. d. 1 second. 
 

 

____ 12. Calculate the following, and express the answer in scientific notation with the correct number of significant 

figures: 21.4 + 15 + 17.17 + 4.003 

a.  c.  
b.  d.  
 

 

____ 13. Calculate the following, and express the answer in scientific notation with the correct number of significant 

figures: 10.5  8.8  3.14 

a. 2.9  10  c.  
b. 290.136 d. 290 
 

 

____ 14. Calculate the following, and express the answer in scientific notation with the correct number of significant 

figures: (0.82 + 0.042)(4.4  10 ) 

a. 3.8  10  c. 3.784  10  

b. 3.78  10  d. 3784 
 

 

____ 15. The Greek letter  (delta) indicates a(n) 

a. difference or change. c. direct proportion. 

b. sum or total. d. inverse proportion. 
 

 

____ 16. The sun is composed mostly of hydrogen. The mass of the sun is 2.0  10  kg, and the mass of a hydrogen 

atom is 1.67  10  kg. Estimate the number of atoms in the sun. 

a. 10  c. 10  

b. 10  d. 10  
 

 
Short Answer 

 

 17. Convert 92  10  km to decimeters using scientific notation. 

 

 18. Convert 1 m to meters using scientific notation. 

 

 19. Convert  g to kilograms using scientific notation. 

 

 20. Convert m to millimeters using scientific notation. 

 
Problem  

 

 21. Calculate the following, expressing the answer in scientific notation with the correct number of significant 

figures:  

 



 22. The mass of Earth is  kg, and the mass of a single proton is  kg. Assuming Earth is 

made entirely of protons, use an order-of-magnitude calculation to estimate the number of protons that make 

up Earth. Then, calculate the exact number of protons and express the answer in scientific notation with the 

correct number of significant digits. 

 

 23. The radius of Earth is . The average Earth-sun distance is . How many Earths 

would fit between Earth and the sun if they are separated by their average distance? Use an order-of-

magnitude calculation to estimate this number. Then, determine an exact answer and express it in scientific 

notation with the correct number of significant digits.



 

Mid Term Study Guide 

Answer Section 

 
MULTIPLE CHOICE 

 

 1. ANS: B PTS: 1 DIF: I OBJ: 1-1.1  

 

 2. ANS: C PTS: 1 DIF: I OBJ: 1-1.1  

 

 3. ANS: B PTS: 1 DIF: I OBJ: 1-1.1  

 

 4. ANS: C PTS: 1 DIF: I OBJ: 1-1.1  

 

 5. ANS: B PTS: 1 DIF: I OBJ: 1-1.2  

 

 6. ANS: C PTS: 1 DIF: I OBJ: 1-1.2  

 

 7. ANS: A PTS: 1 DIF: I OBJ: 1-1.2  

 

 8. ANS: C PTS: 1 DIF: I OBJ: 1-2.1  

 

 9. ANS: B PTS: 1 DIF: I OBJ: 1-2.1  

 

 10. ANS: C PTS: 1 DIF: I OBJ: 1-2.1  

 

 11. ANS: D PTS: 1 DIF: I OBJ: 1-2.1  

 

 12. ANS: D 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.4  

 

 13. ANS: A 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.4  

 

 14. ANS: A 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.4  

 

 15. ANS: A PTS: 1 DIF: I OBJ: 1-3.2  

 

 16. ANS: B 



 

 

PTS: 1 DIF: IIIB OBJ: 1-3.4  

 
SHORT ANSWER 

 

 17. ANS:  

 
 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.2  

 

 18. ANS:  

 
 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.2  

 

 19. ANS:  

 

 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.2  

 

 20. ANS:  

 
 



Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.2  

 
PROBLEM 

 

 21. ANS:  

 
 

Solution 

 

 

PTS: 1 DIF: IIIA OBJ: 1-2.4  

 

 22. ANS:  

 

 

 

 

 

 

PTS: 1 DIF: IIIB OBJ: 1-3.4  

 

 23. ANS:  



 

 

PTS: 1 DIF: IIIB OBJ: 1-3.4 

 

 

Part 2: One dimensional Motion 

 

Part A: Multiple TRUE/FALSE 

1. Which of the following statements about vectors and scalars are TRUE? List all that 
apply. 

a. A vector is a large quantity and a scalar is a small quantity. 
b. A scalar quantity has a magnitude and a vector quantity does not. 
c. A vector quantity is described with a direction and a scalar is not. 
d. Scalar quantities are path dependent quantities and vector quantities are not. 
e. A scalar quantity depends only upon the initial and final values of the quantity; 

this is not the case for vector quantities. 
f. The quantity 20 m/s, north is a speed and as such is a scalar quantity. 
g. The quantity 9.8 m/s/s is an acceleration value and as such is a vector quantity. 

Answer: CD 

c. TRUE - Vectors are fully described by magnitude AND direction; scalars are not 
described with a direction. 



d. TRUE - Scalars such as distance would depend upon the path taken from initial to final 
location. If you run around the track one complete time, your distance will be different 
than if you take a step forward and a step backwards. The path MATTERS; distance (like 
all scalars) depends upon it. On the other hand, the displacement (a vector quantity) is the 
same for both paths. 

2. Which of the following statements about distance and/or displacement are TRUE? List all 
that apply. 

a. Distance is a vector quantity and displacement is a scalar quantity. 
b. A person makes a round-trip journey, finishing where she started. The 

displacement for the trip is 0 and the distance is some nonzero value. 
c. A person starts at position A and finishes at position B. The distance for the trip 

is the length of the segment measured from A to B. 
d. If a person walks in a straight line and never changes direction, then the 

distance and the displacement will have exactly the same magnitude. 
e. The phrase "20 mi, northwest" likely describes the distance for a motion. 
f. The phrase "20 m, west" likely describes the displacement for a motion. 
g. The diagram below depicts the path of a person walking to and fro from position 

A to B to C to D. The distance for this motion is 100 yds. 
h. For the same diagram below, the displacement is 50 yds. 

 

 
Answer: BDF 

b. TRUE - Displacement is the change in position of an object. An object which finishes 
where it started is not displaced; it is at the same place as it started and as such has a zero 
displacement. On the other hand, the distance is the amount of ground which is covered. 
And if it was truly a journey, then there is definitely a distance. 

d. TRUE - If a person never changes direction and maintains the same heading away from 
the initial position, then every step contributes to a change in position in the same original 
direction. A 1 m step will increase the displacement (read as out of place-ness) by 1 meter 
and contribute one more meter to the total distance which is walked. 

f. TRUE - The unit is an appropriate displacement unit (length units) and the direction is 
stated. Since there is both magnitude and direction expressed, one would believe that this 
is likely a displacement. 

3. Which of the following statements about velocity and/or speed are TRUE? List all that 
apply. 

a. Velocity is a vector quantity and speed is a scalar quantity. 
b. Both speed and velocity refer to how fast an object is moving. 



c. Person X moves from location A to location B in 5 seconds. Person Y moves 
between the same two locations in 10 seconds. Person Y is moving with twice 
the speed as person X. 

d. The velocity of an object refers to the rate at which the object's position 
changes. 

e. For any given motion, it is possible that an object could move very fast yet have 
an abnormally small velocity. 

f. The phrase "30 mi/hr, west" likely refers to a scalar quantity. 
g. The average velocity of an object on a round-trip journey would be 0. 
h. The direction of the velocity vector is dependent upon two factors: the direction 

the object is moving and whether the object is speeding up or slowing down. 
i. The diagram below depicts the path of a person walking to and fro from position 

A to B to C to D. The entire motion takes 8 minutes. The average speed for this 
motion is approximately 11.3 yds/min. 

j. For the same diagram below, the average velocity for this motion is 0 yds/min. 
 

 
Answer: ADEGI 

a. TRUE - Yes! Speed is a scalar and velocity is the vector. Know this one! 

d. TRUE - Yes! That is exactly the definition of velocity - the rate at which velocity 
changes. 

e. TRUE - An Indy Race car driver is a good example of this. Such a driver is obviously 
moving very fast but by the end of the race the average velocity is essentially 0 m/s. 

g. TRUE - For a round trip journey, there is no ultimate change in position. As such, the 
average velocity is 0 m/t seconds. Regardless of the time, the average velocity will be 0 
m/s. 

i. (AB) 35 yds + (BC) 20 yds + (CD) 35 yds/ 8 min = 90 yds/8 min = 11.3 yds/min 

 

4. Which of the following statements about acceleration are TRUE? List all that apply. 

a. Acceleration is a vector quantity. 
b. Accelerating objects MUST be changing their speed. 
c. Accelerating objects MUST be changing their velocity. 
d. Acceleration units include the following; m/s2, mi/hr/sec, cm/s2, km/hr/m. 
e. The direction of the acceleration vector is dependent upon two factors: the 

direction the object is moving and whether the object is speeding up or slowing 
down. 

f. An object which is slowing down has an acceleration. 



g. An object which is moving at constant speed in a circle has an acceleration. 
h. Acceleration is the rate at which the velocity changes. 
i. An object that is accelerating is moving fast. 
j. An object that is accelerating will eventually (if given enough time) be moving 

fast. 
k. An object that is moving rightward has a rightward acceleration. 
l. An object that is moving rightward and speeding up has a rightward 

acceleration. 
m. An object that is moving upwards and slowing down has an upwards 

acceleration. 
Answer: ACEFGHL  

a. TRUE - Yes it is. Acceleration is direction-conscious. 

c. TRUE - Accelerating object MUST be changing their velocity -either the magnitude or 
the direction of the velocity. 

e. TRUE - This is the case and something important to remember. Consider its application 
in the last three parts of this question. 

f. TRUE - Accelerating objects are either slowing down, speeding up or changing 
directions. 

g. TRUE - To move in a circle is to change one's direction. As such, there is a change in 
the velocity (not magnitude, but the direction part); this constitutes an acceleration. 

h. TRUE - This is the very definition of acceleration. Know this one - its the beginning point 
of all our thoughts about acceleration. 

l. TRUE - If an object is speeding up, then the direction of the acceleration vector is in the 
direction which the object is moving. 

5. Which of the following statements about position-time graphs are TRUE? List all that 
apply. 

a. Position-time graphs cannot be used to represent the motion of objects with 
accelerated motion. 

b. The slope on a position-time graph is representative of the acceleration of the 
object. 

c. A straight, diagonal line on a position-time graph is representative of an object 
with a constant velocity. 

d. If an object is at rest, then the position-time graph will be a horizontal line 
located on the time-axis. 

e. Accelerated objects are represented on position-time graphs by curved lines. 
f. An object with a positive velocity will be represented on a position-time graph by 

a line with a positive slope. 
g. An object with a negative velocity will be represented on a position-time graph 

by a line with a negative slope. 



h. An object with a positive acceleration will be represented on a position-time 
graph by a line which curves upwards. 

i. An object with a negative acceleration will be represented on a position-time 
graph by a line which curves downwards. 

Answer: CEFG 

c. TRUE - A straight diagonal line is a line of constant slope. And if the slope is constant, 
then so is the velocity. 

e. TRUE - Accelerating objects (if the acceleration is attributable to a speed change) are 
represented by lines with changing slope - i.e., curved lines. 

f. TRUE - Since slope on a p-t graph represents the velocity, a positive slope will represent 
a positive velocity. 

g. TRUE - Since slope on a p-t graph represents the velocity, a negative slope will 
represent a negative velocity. 

6. Which of the following statements about velocity-time graphs are TRUE? List all that 
apply. 

a. The slope on a velocity-time graph is representative of the acceleration of the 
object. 

b. The area on a velocity -time graph is representative of the change in position of 
the object. 

c. An accelerated object's motion will be represented by a curved line on a velocity-
time graph. 

d. Objects with positive acceleration will be represented by upwardly-curved lines 
on a velocity-time graph. 

e. If an object is at rest, then the velocity-time graph will be a line with zero slope. 
f. A line with zero slope on a velocity-time graph will be representative of an object 

which is at rest. 
g. A line with a negative slope on a velocity-time graph is representative of an 

object with negative velocity. 
h. If an object changes its direction, then the line on the velocity-time graph will 

have a changing slope. 
i. An object which is slowing down is represented by a line on a velocity-time 

graph which is moving in the downward direction.  
Answer: ABE 

a. TRUE - Now this is important! It is the beginning point of much of our discussion of 
velocity-time graphs. The slope equals the acceleration. 

b. TRUE - This is equally important. The area is the displacement. 

e. TRUE - An object that is at rest has a 0 velocity and maintains that zero velocity. The 
permanence of its velocity (not the fact that it is zero) gives the object a zero acceleration. 
and as such, the line on a v-t graph would have a slope of 0 (i.e., be horizontal). 



7. Which of the following statements about free fall and the acceleration of gravity are TRUE? List 

all that apply. 

a. An object that is free-falling is acted upon by the force of gravity alone. 

b. A falling skydiver which has reached terminal velocity is considered to be 

in a state of free fall. 

c. A ball is thrown upwards and is rising towards its peak. As it rises upwards, 

it is NOT considered to be in a state of free fall. 

d. An object in free fall experiences an acceleration which is independent of 

the mass of the object. 

e. A ball is thrown upwards, rises to its peak and eventually falls back to the 

original height. As the ball rises, its acceleration is upwards; as it falls, its 

acceleration is downwards. 

f. A ball is thrown upwards, rises to its peak and eventually falls back to the 

original height. The speed at which it is launched equals the speed at which 

it lands. (Assume negligible air resistance.) 

g. A very massive object will free fall at the same rate of acceleration as a less 

massive object. 

h. The value of g on Earth is approximately 9.8 m/s
2
. 

i. The symbol g stands for the force of gravity. 

Answer: ADFGH 

a. TRUE - Yes! This is the definition of free fall. 

d. TRUE - The unique feature of free-falling objects is that the mass of the object does not effect the 

trajectory characteristics. The acceleration, velocity, displacement, etc. is independent of the mass of 

the object. 

f. TRUE - If the object is truly in free-fall, then the speed of the object will be the same at all heights 

- whether its on the upward portion of its trajectory or the downwards portion of its trajectory. For 

more information, see the Projectiles page at The Physics Classroom. 

g. TRUE - The acceleration of free-falling objects (referred to as the acceleration of gravity) is 

independent of mass. On Earth, the value is 9.8 m/s/s (the direction is down). All objects - very 

massive and less massive - experience this acceleration value. 

h. TRUE - Yes! Know this one! 

Part B: Multiple Choice 

 

8. If an object has an acceleration of 0 m/s
2
, then one can be sure that the object is not ____. 

a. moving b. changing position c. changing velocity 

Answer: C 

The object could be moving and could be at rest; however, whether moving or not, it must not have a 

changing velocity. 

 

https://www.physicsclassroom.com/Class/vectors/u3l2c.cfm#p4


 

9. If car A passes car B, then car A must be ____. 

a. accelerating. 

b. accelerating at a greater rate than car B. 

c. moving faster than car B and accelerating more than car B. 

d. moving faster than car B, but not necessarily accelerating. 

Answer: D 

All that is necessary is that car A has a greater speed (is moving faster). If so, it will eventually catch 

up and pass car B. Acceleration is not necessary to overcome car B; a car going 60 mi/hr at a 

constant speed will eventually pass a car going 50 mi/hr at a constant speed. Surely you have 

witnessed that while driving down a local highway. 

 

10. Which one of the following is NOT consistent with a car which is accelerating? 

a. A car is moving with an increasing speed. 

b. A car is moving with a decreasing speed. 

c. A car is moving with a high speed. 

d. A car is changing direction. 

Answer: C 

An accelerating object must be changing its velocity by either slowing down, speeding up or 

changing direction. Moving fast merely means that the velocity is high; it says nothing about the 

acceleration. 

 

11. A fullback is running down the football field in a straight line. He starts at the 0-yard line at 0 

seconds. At 1 second, he is on the 10-yard line; at 2 seconds, he is on the 20-yard line; at 3 seconds, 

he is on the 30-yard line; and at 4 seconds, he is on the 40-yard line. This is evidence that 

a. he is accelerating 

b. he is covering a greater distance in each consecutive second. 

c. he is moving with a constant speed (on average). 

Answer: C 

The fullback is moving 10 yards every second. He has a constant speed and thus covers the same 

distance (10 yd) in each consecutive second. He is not accelerating. 

 

12. A fullback is running down the football field in a straight line. He starts at the 0-yard line at 0 

seconds. At 1 second, he is on the 10-yard line; at 2 seconds, he is on the 20-yard line; at 3 seconds, 

he is on the 30-yard line; and at 4 seconds, he is on the 40-yard line. What is the player's 

acceleration? 

Answer: 0 m/s/s 

The fullback is moving 10 yards every second. He has a constant speed. He also is running in a 

straight line, so he is not changing direction. Thus, his acceleration is 0 m/s/s. Only objects with 

changing velocity have a nonzero acceleration. 



13. Olympic gold medalist Michael Johnson runs one time around the track - 400 meters - in 38 

seconds. What is his displacement? ___________ What is his average velocity? ___________ 

Answer: d = 0 m and v = 0 m/s 

Michael finishes where he started, so he is not "out of place." His displacement is 0 meters. Since 

average velocity is displacement over time, his average velocity is also 0 m/s. 

 

14. If an object is moving eastward and slowing down, then the direction of its velocity vector is 

____. 

a. eastward b. westward c. neither d. not enough info to tell 

Answer: A 

The direction of the velocity vector is always in the same direction as the direction which the object 

moves. 

 

15. If an object is moving eastward and slowing down, then the direction of its acceleration vector is 

____. 

a. eastward b. westward c. neither d. not enough info to tell 

Answer: B 

If an object is slowing down, then the direction of the acceleration vector is in the opposite direction 

as the direction which the object moves. (If the object were speeding up, the acceleration would be 

eastward.) 

16. Which one of the following quantities is NOT a vector? 

a. 10 mi/hr, east b. 10 mi/hr/sec, west c. 35 m/s, north d. 20 m/s 

Answer: D 

A vector has both magnitude and direction. Only choice d does not show a direction; it must be a 

scalar. 

17. Which one of the following quantities is NOT a speed? 

a. 10 mi/hr b. 10 mi/hr/sec c. 35 m/s d. 20 m/s 

Answer: B 

You can often tell a quantity by its units. 10 mi/hr/sec is an acceleration since there are two time 

units involved. In fact, the units are velocity change units (mi/hr) per time units (seconds). The 

quantity speed has units of distance/time. 

 

18. Which one of the following statements is NOT true of a free-falling object? An object in a state 

of free fall ____. 

a. falls with a constant speed of -10 m/s. 

b. falls with a acceleration of -10 m/s/s. 

c. falls under the sole influence of gravity. 

d. falls with downward acceleration which has a constant magnitude. 



Answer: A 

A free-falling object is an object upon which the only force is gravity. As it falls, it accelerates at a 

rate of approx. 10 m/s/s. This acceleration value is constant during the entire trajectory of the 

motion. Since this is the case, the speed cannot be constant. 

 

19. The average speed of an object which moves 10 kilometers (km) in 30 minutes is ____. 

a. 10 km/hr b. 20 km/hr c. 30 km/hr d. more than 30 km/hr 

Answer: B 

The average speed is distance/time. In this case the distance is 10 km and the time is 0.5 hr (30 

minutes). Thus 

average speed = (10 km)/(0.5 hr) = 20 km/hr 

 

20. What is the acceleration of a car that maintains a constant velocity of 55 mi/hr for 10.0 seconds? 

a. 0 b. 5.5 mi /hr/s c. 5.5 mi /s/s d. 550 mi/hr/s 

Answer: A 

If the velocity is constant, then there is no acceleration. That is, the value of the acceleration is 0. 

 

21. As an object freely falls, its ____. 

a. speed increases b. acceleration increases 

c. both of these d. none of these 

Answer: A 

As an object falls, it accelerates; this means that the speed will be changing. While falling, the speed 

increases by 10 m/s every second. The acceleration is a constant value of 10 m/s/s; thus, choice b 

should not be chosen. 

 

22. A speedometer is placed upon a free-falling object in order to measure its instantaneous speed 

during the course of its fall. Its speed reading (neglecting air resistance) would increase each second 

by  ____. 

a. about 5 m/s b. about 10 m/s c. about 15 m/s 

d. a variable amount e. depends on its initial speed.   

Answer: B 

The acceleration of gravity is approximately 10 m/s/s. Acceleration represents the rate at which the 

velocity changes - in this case, the velocity changes by 10 m/s every second. So the speed will 

increase by the amount of 10 m/s every second. 

 

 

 



23. Ten seconds after being dropped from rest, a free-falling object will be moving with a speed 

of  ____. 

a. about 10 m/s. b. about 50 m/s. c. about 100 m/s. d. more than 100 m/s. 

Answer: C 

Since the speed of a free-falling object increases by 10 m/s every second, the speed after ten of these 

seconds will be 100 m/s. You could use the kinematic equation 

vf = vi + a*t 

where vi=0 m/s and a = -10 m/s/s and t=10 s 

 

24. A baseball pitcher delivers a fast ball. During the throw, the speed of the ball increases from 0 to 

30.0 m/s over a time of 0.100 seconds. The average acceleration of the baseball is ____ m/s
2
. 

a. 3.00 b. 30.0 c. 300. d. 3000 e. none of these 

Answer: C 

Acceleration is velocity change over time. In this problem, the velocity change is +30.0 m/s and the 

time is 0.100 s. Thus, 

a = (+30.0 m/s)/(0.100 s) = 300. m/s/s. 

 

25. On takeoff, a rocket accelerates from rest at a rate of 50.0 m/s
2
 for exactly 1 minute. The rocket's 

speed after this minute of steady acceleration will be ____ m/s. 

a. 50.0 b. 500. c. 3.00 x 103 d. 3.60 x 103 e. none of these 

Answer: C 

Use the equation 

vf = vi + a*t 

vf = 0 + (50.0 m/s/s)*(60.0 s) = 3.00 x 10
3
 m/s 

(Note that the unit on time must be the same as the time units for which the acceleration is given.) 

 

26. When a rock is dropped, it will accelerate downward at a rate of 9.8 m/s
2
. If the same rock is 

thrown downward (instead of being dropped from rest), it acceleration will be ____. (Ignore air 

resistance effects.) 

a. less than 9.8 m/s2 b. 9.8 m/s2 c. more than 9.8 m/s2 

Answer: B 

Whether rising or falling, if the sole force acting upon the object is gravity, then the acceleration is 

9.8 m/s/s (often approximated as 10 m/s/s). 

 

 

 



27. Consider drops of water that leak from a dripping faucet at a constant rate. As the drops fall they 

____. 

a. get closer together b. get farther apart   

c. remain at a relatively fixed distance from one another 

Answer: B 

Since the drops of water are falling (and probably free-falling), they should be getting farther apart 

as they fall. This is because the free-falling drops are accelerating and thus gaining speed. 

Part D: Kinematic Graphing 

31. On the position-time graph below, sketch a plot representing the motion of an object which is ... . 

Label each line with the corresponding letter (e.g., "a", "b", "c", etc.) 

a. at rest. 

b. moving in the positive direction with constant speed 

c. moving in the negative direction and speeding up 

d. moving in the positive direction and slowing down 

e. moving in the positive direction at a constant speed (slow) and then later 

fast at constant speed 

f. moving with a negative velocity and a negative acceleration 

g. moving with a negative velocity and a positive acceleration 

  

  

 

  

Answer: See diagram above; explanations are given below. 

The governing principle in this problem is that the slope of a position-time graph is equal to the 

velocity of the object. 

a. An object at rest (v = 0 m/s) is represented by a line with 0 slope (horizontal line). 

b. An object with a constant, positive velocity is represented by a straight line (constant slope) which 

slopes upward (positive slope). 

c. An object moving in the - direction and speeding up is represented by a line which slopes 

downward (- slope) and increases its steepness (increasing slope). 



d. An object moving in the + direction and slowing down is represented by a line which slopes 

upward (+ slope) and increases its steepness (increasing slope). 

e. An object moving in the positive direction at constant speed would be represented by a straight 

diagonal line (constant speed) which slopes upward (+ velocity). So in this case, there will be two 

straight diagonal lines; the second line will slope more than the first line. 

f. An object moving in the negative direction with negative acceleration is speeding up (since 

the a vector is in the same direction as the motion). So on a p-t graph, this object will be represented 

by a line which slopes downwards (- velocity) and increases its slope over time (speeding up). 

g. An object moving in the negative direction with positive acceleration is slowing down (since 

the a vector is in the opposite direction as the motion). So on a p-t graph, this object will be 

represented by a line which slopes downwards (- velocity) and levels off or becomes more horizontal 

over time (slowing down). 

 

32. On the velocity-time graph below, sketch a plot representing the motion of an object which is ... . 

Label each line with the corresponding letter (e.g., "a", "b", "c", etc.) 

a. at rest 

b. moving in the positive direction at constant speed 

c. moving in the negative direction from slow to fast 

d. moving in the negative direction from fast to slow 

e. moving with a positive velocity and a positive acceleration 

f. moving with a positive velocity and a negative acceleration 

g. moving with a positive velocity at constant speed and then decelerating to a 

rest position 

h. moving in the positive direction while slowing down, changing directions 

and moving in the negative directions while speeding up 

  

  

  

Answer: See diagram above; explanations are given below. 

The governing principle in this problem is that the slope of a velocity-time graph is equal to the 

acceleration of the object. Furthermore, a negative velocity would be a line plotted in the negative 

region of the graph; a positive velocity would be a line plotted in the positive region of the graph. 

a. An object at rest (v = 0 m/s) is represented by a line located on the time axis (where v = 0 m/s). 



b. An object moving in the positive direction at constant speed will be represented on a v-t graph by 

a horizontal line (slope = a = 0 m/s/s) positioned in the + velocity region. 

c. An object moving in the negative direction and speeding up will be represented on a v-t graph by a 

sloped line located in the - velocity region. Since such an object has a - acceleration, the line will 

slope downwards (- acceleration). 

d. An object moving in the negative direction and slowing down will be represented on a v-t graph 

by a sloped line located in the - velocity region. Such an object has a positive acceleration (since it is 

slowing down, the a vector will be in the opposite direction of the motion). The + acceleration would 

be consistent with a line that slopes upwards. 

e. An object moving with a + velocity and a + acceleration would be represented on a v-t graph by a 

sloped line located in the + velocity region. The + acceleration would be consistent with a line that 

slopes upwards. 

f. An object moving with a + velocity and a - acceleration would be represented on a v-t graph by a 

sloped line located in the + velocity region. The - acceleration would be consistent with a line that 

slopes downwards. 

g. An object moving with a constant + velocity would be represented on a v-t graph by a horizontal 

line (slope = a = 0 m/s/s) located in the + velocity region. The slowing down to rest portion of the 

graph would be represented by a line which slopes downwards (- acceleration) towards the time axis. 

  

33. Consider the position-time plots below. Sketch the shape of the corresponding velocity-time 

graphs. 

  

 

  

Answer: See diagram above; explanations are given below. 

In the top graph, the object moves in the + direction with an acceleration from fast to slow until it 

finally stops. Then the object remains at rest. This means there is a positive velocity and a negative 

acceleration; the final velocity of the object is 0 m/s. So on a v-t graph, the line needs to be in the 



+velocity region and the slope needs to be - (for a negative acceleration). The line should end on the 

v=0 m/s axis (corresponding to its final rest position). 

In the bottom graph, the object is moving in the - direction with a constant speed. It then gradually 

slows down until it stops; it then remains at rest. So on a v-t graph, there should be a horizontal line 

(a=0 m/s/s) in the -velocity region of the graph. Then the line should slope upwards (for the + 

acceleration that is characteristic of objects moving in the - direction and slowing down). The line 

should end on the v=0 m/s axis (corresponding to its final rest position). 

  

34. Consider the velocity-time plots below. Sketch the shape of the corresponding position-time 

graphs. 

  

 

Answer: See diagram above; explanations are given below. 

In the top graph, the object moves in the + direction with an acceleration from slow to fast. Then the 

object maintains a constant speed by walking in the same direction (+ direction). On a p-t graph, this 

would correspond to a line with positive slope (for moving in the + direction) which eventually 

straightens out into a diagonal line with constant slope (constant speed) in the positive direction 

(positive velocity). 

In the bottom graph, the object is moving in the + direction and slowing down from a high speed to a 

slow speed until it finally changes direction; the object then moves in the - direction and speeds up. 

On a p-t graph, this would correspond to a line with positive slope (for moving in the + direction) 

which gradually levels off to a horizontal (for slowing down); then the line begins to slope 

downwards (for moving in the - direction) and gradually becomes steeper and steeper (for speeding 

up). 

  

 

  

 

  



The velocity-time graph below depicts the motion of an automobile as it moves through Glenview 

during rush hour traffic. Use the graph to answer questions #35 - #39. 

 

 

35. Determine the displacement of the automobile during the following intervals of time.  

Answer: See diagram above and calculations below. 

Use area calculations to determine the displacement of the object. 

From t = 0 s - 5 s From t = 5 s - 15 s From t = 15 s - 20 s 
  

Area of the pink triangle: 

A = 0.5*b*h 

A = 0.5*(5 s)*(10 m/s) 

A = 25 m 

  

  

Area of the green rectangle: 

A = b*h 

A = (10 s)*(10 m/s) 

A = 100 m 

  

  

Area of the blue triangle 

plus purple rectangle: 

A = 0.5*b1*h1 + b2*h2 

A = 0.5*(5 s)*(5 m/s) + (5 s)*(5 m/s) 

A = 12.5 m + 25 m 

A = 37.5 m 

  

36. Determine the velocity of the automobile at the following instant(s) in time. 

Answer: See calculations below. 

It is a velocity graph; so merely read the velocity values off the graph. 

t = 3 s t = 8 s t = 17 s 

  

v = 6.0 m/s 

  

  

v = 10.0 m/s 

  

v = 8.0 m/s 

 

37. Determine the acceleration of the automobile during the following intervals of time. 

Answer: See calculations below. 

Do slope calculations to determine the acceleration. Slope is rise/run. 

t = 0 s - 5 s t = 5 s - 15 s t = 15 s - 20 s 

  

a = slope = rise/run 

a = (10 m/s)/(5 s) 

  

a = slope = rise/run 

a = (0 m/s)/(10 s) 

  

a = slope = rise/run 

a = (-5 m/s)/(5 s) 



a = 2.0 m/s/s a = 0.0 m/s/s 

  

a = -1.0 m/s/s 

  

 

38. Using complete sentences and the language of physics, describe the motion of the automobile 

during the entire 20.0 seconds. Explicitly describe any changes in speed or direction which might 

occur; identify intervals of time for which the automobile is at rest, the automobile is moving with 

constant speed, or the automobile is accelerating. 

Answer: 

During the first 5 seconds, the auto is moving with a + velocity and a + acceleration, increasing its 

speed from slow to fast. From 5 s to 15 s, the auto is moving with a constant speed and a zero 

acceleration. From 15 s to 20 s, the auto is moving with a +velocity and a - acceleration, decreasing 

its speed from fast to slow. 

 

40. For the plots below, determine the velocity of the object ... . 

a. from 0.0 - 5.0 seconds b. from 5.0 - 10.0 seconds c. at 13.0 seconds 

  

 

  

 

  

 

Answer: See explanations and calculations below. 

For a position-time graph, the velocity is determined from a slope calculation. So in each case, two 

points must be picked and slope calculation must be performed. 

a. Pick the two points: (0 s, 20 m) and (5 s, 10 m) 

slope = rise/run = (-10 m)/(5 s) = -2.0 m/s 

b. Pick the two points: (5 s, 2 m) and (10 s, 6 m) 

slope = rise/run = (4 m)/(5 s) = +0.80 m/s 

c. From 0 to 20 s, the slope is a constant value. So determining the slope at 13 seconds is as simple 

as merely determining the slope of the line choosing any two points. So just pick the two points: (0 s, 

10 m) and (20 s, 50 m) 

slope = rise/run = (40 m)/(20 s) = +2.0 m/s 

 41. For the plots below, determine the acceleration of the object 

a. from 0.0 - 5.0 seconds b. from 5.0 - 10.0 seconds c. at 13.0 seconds 



41. For the plots below, determine the acceleration of the object. 

 

Answer: See explanations and calculations below. 

For a velocity-time graph, the acceleration is determined from a slope calculation. So in 
each case, two points must be picked and slope calculation must be performed. 

a. Pick the two points: (0.0 s, 5.0 m/s) and (5.0 s, 30.0 m/s) 

slope = rise/run = (25.0 m/s)/(5.0 s) = +5.0 m/s2 

b. Pick the two points: (5.0 s, 25.0 m/s) and (10.0 s, 10.0 m/s) 

slope = rise/run = (-15 m/s)/(5.0 s) = -3.0 m/s2 

c. From 10.0 to 15.0 s, the slope is a constant value. So determining the slope at 13 
seconds is as simple as merely determining the slope of the line choosing any two points. 
So just pick the two points: (10.0 s, 15.0 m/s) and (15.0 s, 0.0 m/s) 

slope = rise/run = (-15.0 m/s)/(5.0 s) = -3.0 m/s 
 

42. For the plots below, determine the displacement of the object ... . 

a. from 0.0 - 5.0 seconds b. from 5.0 - 10.0 seconds c. from 0.0 - 15.0 seconds 

  

 

  

 

  

 

Answer: See explanations and calculations below. 

For velocity-time graphs, the displacement of an object is found by computing the area between the 

line and the time axis. The shape is typically a rectangle (area = base*height), a triangle (area = 

0.5*base*height) or a trapezoid (which can typically be transformed into a rectangle and a triangle or 

the area can be computed as 0.5*(h1 + h2)*base). 

a. Area = 0.5*base*height = 0.50*(5.0 s)*(20.0 m/s) = 50. m 

b. Area = A1 + A2 (see diagram) = (5.0 s)*(5.0 m/s) + 0.50*(5.0 s)*(10.0 m/s) = 25 m + 25 m = 50. 

m 

  

 

  

 

  

 



c. Area = A1 + A2 + A3 + A4 (see diagram) 

Area = 0.5*(5.0 s)*(20.0 m/s) + (5.0 s)*(20.0 m/s) + (5.0 s)*(20.0 m/s) + 0.5*(5.0 s)*(10.0 m/s) 

Area = 50 m + 100 m + 100 m + 25 m = 275 m 

  

Part E: Computational Problems 

43. Determine the acceleration (in m/s
2
) of an object which ... . 

a. moves in a straight line with a constant speed of 20.0 m/s for 12.0 seconds 

b. changes its velocity from 12.1 m/s to 23.5 m/s in 7.81 seconds 

c. changes its velocity from 0.0 mi/hr to 60.0 mi/hr in 4.20 seconds 

d. accelerates from 33.4 m/s to 18.9 m/s over a distance of 109 m 

Answer: See answers, explanations and calculations below. 

a. If the speed and direction of an object is constant, then the acceleration is 0 m/s
2
. 

b. The acceleration is the velocity change per time ratio: 

a = (Velocity Change)/t = (23.5 m/s - 12.1 m/s) / (7.81 s) = 1.46 m/s
2
. 

c. The acceleration is the velocity change per time ratio: 

a = (Velocity Change)/t = (60.0 mi/hr - 0.0 mi/hr) / (4.20 s) = 14.3 mi/hr/s. 

14.3 mi/hr/s * (1.0 m/s) / (2.24 mi/hr) = 6.38 m/s
2
. 

d. The acceleration value can also be calculated using kinematic equations if three other kinematic 

quantities are known. In this case, the know information is: vo = 33.4 m/s; vf = 18.9 m/s; and d = 109 

m. Using the equation vf
2
 = vo

2
 + 2*a*d, the acceleration can be computed. 

a = (vf
2
 - vo

2
) / (2*d) = [(18.9 m/s)

2
 - (33.4 m/s)

2
 ] / (2 * 109 m) = -3.48 m/s

2
. 

 

44. Determine the magnitude of the displacement (in meters) of an object which ... . 

a. moves from Hither to Yon (with an average speed of 28.0 m/s) and then back to Hither (with 

an average speed of 28.0 m/s) if both the forward and the return trip take 46 minutes each. 

b. moves at a constant speed of 8.30 m/s in a straight line for 15.0 seconds. 

c. decelerates at a rate of -4.35 m/s/s from a speed of 38.1 m/s to a speed of 

17.6 m/s 

d. accelerates from rest at a rate of 3.67 m/s
2
 for 12.1 seconds 

e. is moving at 12.2 m/s and then accelerates at a rate of +1.88 m/s
2
 for 17.0 

seconds 

Answer: See answers, explanations, and calculations below. 

a. Since this is a round-trip journey, the overall displacement is 0 m. 

b. Since the velocity is constant, the displacement can be found by multiplying the velocity by the 

time. 

d = v*t = (8.30 m/s) * (15.0 s) = 125 m 



c. A displacement value can also be calculated using kinematic equations if three other kinematic 

quantities are known. In this case, the know information is: vo = 38.1 m/s; vf = 17.6 m/s; and a = -

4.35 m/s/s. Using the equation vf
2
 = vo

2
 + 2*a*d, the displacement can be computed. 

d = (vf
2
 - vo

2
) / (2*a) = [(17.6 m/s)

2
 - (38.1 m/s)

2
 ] / (2 * -4.35 m/s/s) = 131 m. 

d. A displacement value can be calculated using other kinematic equations if a different set of 

kinematic quantities is known. Here we know that: vo = 0.0 m/s; t = 12.1 s; and a = 3.67 m/s/s. Using 

the equation d = vo* t + 0.5*a*t
2
, the displacement can be computed. 

d = (0 m/s)*(12.1 s) + 0.5*(3.67 m/s/s)*(12.1 s)
2 
= 269 m. 

e. Here the displacement value is calculated using the same kinematic equation. We know that: vo = 

12.2 m/s; t = 17.0 s; and a = 1.88 m/s/s. Using the equation d = vo* t + 0.5*a*t
2
, the displacement can 

be computed. 

d = (12.2 m/s)*(17.0 s) + 0.5*(1.88 m/s/s)*(17.0 s)
2 
= 479 m. 

 

45. The hare is sleeping at a location that is 1200 m from the finish line. The tortoise passes him at a 

steady speed of 5.0 cm/s. If the hare finally wakes up 6.5 hours later, then what minimum 

acceleration (assumed constant) must he have in order to pass the tortoise before the finish line. 

Answer: 0.0067 m/s
2
 

Like a lot of physics word problems, there is more than one path to the final answer. In all such 

problems, the solution involves thought and good problem-solving strategies (draw a picture, list 

what you know, list pertinent equations, etc.). 

 

The tortoise, moving at a constant speed, will cover the 1200 m in a time of: 

ttortoise = d/vtortoise = (1200 m) / (0.050 m/s) = 24000 s = 6.666... hrs 

The hare will sleep for 6.5 hrs (23400 s) before starting, and so will have only 0.1666... hrs (600 s) to 

accelerate to the finish line. So the acceleration of the hare can be determine using a kinematic 

equation. The know information about the hare's motion is: t = 600 s; d = 1200 m; vo = 0 m/s. The 

best equation is d = vo* t + 0.5*a*t
2
. The vo* t term cancels and the equation can be algebraically 

rearranged and solved for a: 

a = 2*d / t
2
 = 2 * (1200 m) / (600 s)

2
 = 0.0067 m/s

2
. 

 

 

46. A Gold Car moving at 12.0 m/s passes a Green Car while the Green Car is at rest at a 

stoplight. The Green Car immediately accelerates at a rate of +1.80 m/s/s for 11.0 seconds seconds 

and then maintains a constant speed. After how much time (relative to the initial starting time) must 

the Green Car drive before catching up with the Gold Car.  

Answer: 14.0 s 

  



(As mentioned in the previous problem ...) Like a lot of physics word problems, there is more than 

one path to the final answer. In all such problems, the solution involves thought and good problem-

solving strategies (draw a picture, list what you know, list pertinent equations, etc.). 

 

Here the gold car travels with a constant speed for a time of t seconds (where t is the total time of 

travel for both cars). The distance traveled by the gold car is given by the kinematic equation d = vo* 

t + 0.5*a*t
2
. The second term cancels and the distance can be expressed as 

d = vo* t + 0.5*a*t
2
 = (12.0 m/s)*t, or 

dgold = 12.0* t 

For the green car, there is an accelerated period and then a constant speed period. The distance 

traveled during the accelerated period (d1green) is found from the same kinematic equation. For the 

green car, the first term cancels and the distance is 

d1green = vo* t + 0.5*a*t
2
 = 0.5*(1.80 m/s

2
)*(11.0 s)

2
, or 

d1green = 108.9 m 

Once the green car has accelerated for 11 seconds, it maintains a constant speed for the remaining 

time, given by the expression t - 11 s. The speed at which the green car is traveling during this time 

can be computed using the equation: 

vfgreen = vo + a*t = (1.80 m/s
2
) *(11.0 s) = 19.8 m/s 

The distance traveled by the green car during this constant speed portion of its motion (d2green) can be 

computed using the kinematic equation. d = vo* t + 0.5*a*t
2
. The second term cancels and the 

distance can be expressed as 

d2green = vo* t + 0.5*a*t
2
 = (19.8 m/s) * (t - 11 s) = 19.8*t - 217.8, or 

d2green = 19.8*t - 217.8 

So the total distance traveled by the green car is given by the expression: 

dgreen = d1green + d2green = 108.9 + 19.8*t - 217.8 

dgreen = 19.8*t - 108.9 

When the green car catches up to the gold car their distance traveled will be the same. So the 

time t can be determined by setting the two expressions for distance equal to each other and solving 

for t. 

12.0* t = 19.8*t - 108.9 

108.9 = 7.80*t 

t = (108.9) / (7.80) 

t = 13.96 s = 14.0 s 

 

47. Ima Rilla Saari is cruising at 28.0 m/s down Lake Avenue and through the forest preserve. She 

notices a deer jump into the road at a location 62.0 m in front of her. Ima first reacts to the event, 

then slams on her brakes and decelerates at -8.10 m/s
2
, and ultimately stops a picometer in front of 



the frozen deer. What is Ima's reaction time? (i.e., how long did it take Ima to react to the event 

prior to decelerating?) 

Answer: 0.486 s 

Ima's total distance traveled (62.0 m) can be broken into two segments - a reaction distance (drxn) and 

a braking distance (dbraking). The reaction distance is the distance Ima moves prior to braking; she will 

move at constant speed during this time of trxn. The braking distance is the distance which Ima moves 

when her foot is on the brake and she decelerates from 28.0 m/s to 0.0 m/s. The braking distance can 

be computed first using the following kinematic equation: vf
2
 = vo

2
 + 2*a*d. The known information 

for this braking period is: vo = 28 m/s; vf = 0 m/s; and a = -8.10 m/s/s. The substitutions and solution 

are shown below. 

dbraking = (vf
2
 - vo

2
) / (2*a) = [(0 m/s)

2
 - (28.0 m/s)

2
 ] / (2 * -8.10 m/s/s) = 48.40 m. 

Since Ima's car requires 48.40 m to brake, she can travel a maximum of 13.6 m during the reaction 

period. The relationship between reaction time, speed and reaction distance is given by the equation 

drxn = v * trxn 

Substituting 13.6 m for drxn and 28.0 m/s for v, the reaction time can be computed: 

trxn = (13.6 m) / (28.0 m/s) = 0.486 s 

 

48. A two-stage rocket accelerates from rest at +3.57 m/s/s for 6.82 seconds. It then accelerates at 

+2.98 m/s/s for another 5.90 seconds. After the second stage, it enters into a state of free fall. 

Determine: 

a. the maximum speed 

b. the maximum altitude 

c. the height of the rocket after 20.0 seconds 

d. the total time the rocket is in the air (assuming it is launched from the 

ground) 

Answer: See answers and explanations below. 

This problem can be approached by either the use of a velocity-time graph or the use of kinematic 

equations (or a combination of each). Whatever the approach, it is imperative to break the multistage 

motion up into its three different acceleration periods. The use of kinematic equations is only 

appropriate for constant acceleration periods. For this reason, the complex motion must be broken up 

into time periods during which the acceleration is constant. These three time periods can be seen on 

the velocity-time graph by three lines of distinctly different slope. The diagram at the right provides 

a depiction of the motion; strategic points are labeled. These points will be referred to in the 

solutions below. The velocity-time plot below will be used throughout the solution; note that the 

same strategic points are labeled on the plot. 



 

a. The maximum speed occurs after the second stage or acceleration period (point C). After this 

time, the upward-moving rocket begins to slow down as gravity becomes the sole force acting upon 

it. To determine this speed (vc), the kinematic equation vf = vo + a*t will be used twice - once for 

each acceleration period. 

First Stage: vB = vA + a*t = 0 m/s + (3.57 m/s/s) * (6.82 s) = 24.3 m/s 

Second Stage: vC = vB + a*t = 24.3 m/s + (2.98 m/s/s) * (5.90 s) = 41.9 m/s 

b. The maximum altitude occurs at point D, sometime after the second stage has ceased and the 

rocket finally runs out of steam. The velocity at this point is 0 m/s (it is at the peak of its trajectory). 

The altitude at this point is the cumulative distance traveled from t = 0 s to t = tD. This distance is the 

distance for the first stage, the second stage and the deceleration period (C to D). These distances 

correspond to the area on the v-t graph; they are labeled A1, A2, and A3 on the graph. They are 

calculated and summed below. 

A1 = 0.5*b*h = 0.5 * (24.3 m/s) * (6.82 s) = 82.86 m 

A2 = b*h + 0.5*b*h (a triangle on top of a square) 

A2 = (24.3 m/s) * (5.9 s) + 0.5 * (41.9 m/s - 24.3 m/s) * (5.9 s) = 195.42 m 

It will be necessary to know the time from point C to point D in order to determine A3. This time can 

be determined using the kinematic equation vf = vo + a*t for which vf = 0 m/s and vo = 41.9 m/s and a 

= -9.8 m/s/s. 

vD = vC + a*t  

0 m/s = 41.9 m/s + (-9.8 m/s/s) * t 

t = 4.28 s 

Now A3 can be determined using the v-t graph. The area is a triangle and is calculated as 

A3 = 0.5*b*h = 0.5 * (41.9 m/s) * (4.82 s) = 89.57 m 

The maximum altitude is the sum of the three distances (areas) 

Max. altitude = 82.86 m + 195.42 m + 89.57 m = 368 m 



c. When the rocket reaches point D, the time is 17.0 seconds. The altitude at 20.0 seconds will be the 

368 meters risen above the launch pad from point A to point D minus the distance fallen from the 

peak from 17.0 to 20.0 seconds. This distance would be represented by a negative area on the 

velocity-time graph. The area is a triangle and can be computed if the velocity at 20 seconds is 

known. It can be calculated using a kinematic equation and then used to determine the area of a 

triangle. Alternatively, a kinematic equation can be used to determine the distance fallen during 

these 3.0 seconds. The work is shown below: 

d = vo* t + 0.5*a*t
2
 = 0.5 * (-9.8 m/s/s) * (3.0 s)

2
 = 44.1 m 

The altitude at 20 seconds is therefore the ~369 m risen in the first 17 seconds minus the ~44 m 

fallen in the next 3 seconds. The answer is 325 m. 

d. The rocket rises 369 m in the first 17.0 seconds. In the time subsequent of this, the rocket must fall 

369 meters. The time to fall 369 m can be found from the same kinematic equation used in part c. 

d = vo* t + 0.5*a*t
2
 

-368 m = 0.5 * (-9.8 m/s/s) * t
2
 

t = 8.67 seconds 

This time can be added onto the 17.0 seconds to determine the time at which the rocket lands: 25.7 

seconds. 

49. In a 200.0-m relay race (each leg of the race is 50.0 m long), one swimmer has a 0.450 second 

lead and is swimming at a constant speed of 3.90 m/s towards the opposite end of the pool. What 

minimum speed must the second swimmer have in order to catch up with the first swimmer by the 

end of the pool? 

Answer: 4.04 m/s 

Both swimmers swim the same distance (50 m) at constant speed. Swimmer A (who was just 

arbitrarily named) gets a 0.450 second head start. So swimmer B must travel faster in order to finish 

the race in less time than swimmer A. First, the time required of swimmer A to complete the 50l0 m 

at 3.90 m/s can be computed. The time is 

tA = d/vA = (50.0 m) / (3.90 m/s) = 12.82 s 

Thus, swimmer B must finish the same 50.0 m in 12.37 seconds (12.82s - 0.45 s). So the speed of 

swimmer B can be computed as 

vB = d/tB = (50.0 m) / (12.37 s) = 4.04 m/s 

 

50. A drag racer accelerates from rest at an average rate of +13.2 m/s
2
 for a distance of 100. m. The 

driver coasts for 0.500 seconds and then uses the brakes and parachute to decelerate until the end of 

the track. If the total length of the track is 180. m, what minimum deceleration rate must the racer 

have in order to stop prior to the end of the track? 

Answer: -24 m/s/s 

This problem can be approached by first determining the distance over which the dragster 

decelerates. This distance will be less than 80. meters by an amount equal to the distance which the 

dragster coasts after crossing the finish line. See diagram. 



 

The distance traveled by the dragster prior to braking is 100 m plus the coasting distance. The 

coasting distance can be determined if the speed of the dragster at the end of 100 m is determined. 

So first, a kinematic equation will be used to determine the speed and then the coasting distance will 

be computed. 

Using the equation vf
2
 = vo

2
 + 2*a*d, the speed after 100 m can be determined. This substitution and 

solution is shown below. 

vf
2
 = vo

2
 + 2*a*d = 2*(13.2 m/s/s)*(100. m) = 2640 m

2
/s

2
 

vf = 51.4 m/s 

Coasting at 51.38 m/s for 0.500 s will lead to a distance traveled of 25.7 m. 

Once the coasting period is over, there is a short distance left to decelerate to a stop. This distance is 

180. m - 100. m - 25.7 m = 54 m 

Now the same kinematic equation can be used to determine the deceleration rate during the last 54 m 

of the track. Known information is: vo = 51.4 m/s; vf = 0 m/s; and d = 54 m. Using the equation vf
2
 = 

vo
2
 + 2*a*d, the acceleration can be computed. 

a = (vf
2
 - vo

2
) / (2*d) = = [(51.4 m/s)

2
 - (0 m/s)

2
 ] / (2 * 54 m) = -24 m/s

2
. 

 

Newton's Laws of Motion Review 

Part A: Mass, Inertia, Weight, and Newton's First Law of Motion 

1. Which of the following statements are true of inertia? List all that apply. 

a. Inertia is a force. 
b. Inertia is a force which keeps stationary objects at rest and moving objects in 

motion at constant velocity. 
c. Inertia is a force which brings all objects to a rest position. 
d. All objects have inertia. 
e. A more massive object has more inertia than a less massive object. 
f. Fast-moving objects have more inertia than slow-moving objects. 
g. An object would not have any inertia in a gravity-free environment (if there is 

such a place). 
h. Inertia is the tendency of all objects to resist motion and ultimately stop. 
i. In a gravity-free environment (should there be one), a person with a lot of 

inertia would have the same ability to make a turn as a person with a small 
amount of inertia. 

Answer: DE 



d. True - Bet money on this one. Any object with mass has inertia. (Any object without mass 
is not an object, but something else like a wave.) 

e. True - Mass is a measure of an object's inertia. Objects with greater mass have a greater 
inertia; objects with less mass have less inertia. 

 

 

2. Which of the following statements are true of the quantity mass? List all that apply. 
a. The mass of an object is dependent upon the value of the acceleration of gravity. 

b. The standard metric unit of mass is the kilogram. 
c. Mass depends on how much stuff is present in an object. 
d. The mass of an object is variable and dependent upon its location. 
e. An object would have more mass on Mount Everest than the same object in the 

middle of Lake Michigan. 
f. People in Weight Watcher's are really concerned about their mass (they're mass 

watchers). 
g. The mass of an object can be measured in pounds. 
h. If all other variables are equal, then an object with a greater mass would have a 

more difficult time accelerating. 
i. If all other variables are equal, then it would require less exerted force to stop a 

less massive object than to stop a more massive object. 
j. The mass of an object is mathematically related to the weight of the object. 

Answer: BCFHIJ 

b. True - Know this one. Kilograms is for mass and Newtons is for force. 

c. True - This is kind of a simple definition of mass but it does do the job 
(provided stuff means atoms or material). 

f. True - Weight Watcher's participants only use a measurement of their weight as a 
reflection of how many atoms of flesh that they have burned from their bodies. Their real 
interest is in losing mass for reasons related to health, appearance, etc. 

h. True - Weight and force of gravity are synonymous terms. You should quickly become 
comfortable with the terms mass, weight and force of gravity; it will save you many 
headaches as we continue through the course. 

i. True - A less massive object has less inertia and as such would offer less resistance to 
changes in their velocity. For this reason, a less massive object requires less force to bring 
from a state of motion to a state of rest. 

j. True - The weight of an object is the mass of the object multiplied by the acceleration of 
gravity of the object. Mass and weight are mathematically related by the equation: Weight 
(or Fgrav) = m•g 

  
3. Which of the following statements are true of the quantity weight? List all that apply. 



a. The weight of an object is dependent upon the value of the acceleration of gravity. 
b. Weight refers to a force experienced by an object. 
c. The weight of an object would be less on the Moon than on the Earth. 
d. A person could reduce their weight significantly by taking an airplane ride to the 

top of Mount Everest. 
e. Two objects of the same mass can weigh differently. 
f. To gain weight, one must put on more mass. 
g. The weight of an object can be measured in kilograms. 
h. The weight of an object is equal to the force of gravity acting upon the object. 
i. When a chemistry student places a beaker on a balance and determines it to be 

84.3 grams, they have weighed the beaker. 
Answer: ABCH and possibly EF 

a. True - The weight of an object is equal to the force of gravity acting upon the object. It 
is computed by multiplying the object's mass by the acceleration of gravity (g) at the given 
location of the object. If the location of the object is changed, say from the Earth to the 
moon, then the acceleration of gravity is changed and so is the weight. It is in this sense 
that the weight of an object is dependent upon the acceleration of gravity. 

b. True - This statement is true in the sense that the weight of an object refers to a force - 
it is the force of gravity. 

c. True - The weight of an object depends upon the mass of the object and the 
acceleration of gravity value for the location where it is at. The acceleration of gravity on 
the moon is 1/6-th the value of g on Earth. As such, the weight of an object on the moon 
would be 6 times less than that on Earth. 

e. Mostly True - Two objects of the same mass can weigh differently if they are located in 
different locations. For instance, person A and person B can both have a mass of 60 kg. 
But if person A is on the Earth, he will weigh ~600 N, whereas person B would weight 
~100 N on the moon. 

f. Kinda True (Mostly False) - Weight is the product of mass and the acceleration of 
gravity (g). To gain weight, one must either increase their mass or increase the 
acceleration of gravity for the environment where they are located. So the statement is 
true if one disregards the word MUST which is found in the statement. 

h. True - This statement is the precise definition of weight. Weight is the force of gravity. 

 
4. Which of the following statements are true of an object that experiences balanced 
forces (or unbalanced forces)? List all that apply. 

a. If a person is moving to the right, then the forces acting upon it are NOT balanced. 
b. A balance of forces is demonstrated by an object which is slowing to a stop. 
c. It would take an unbalanced force to keep an object in motion. 
d. If an object is moving with a constant speed in a circle, then the forces acting 

upon the object are balanced. 



e. If an object is accelerating at a constant rate of acceleration, then the forces 
acting upon the object are balanced. 

f. It is NOT possible for just three forces to be acting upon an object and they still 
balance each other. 

g. A free-falling object experiences a balance of forces. 
h. Balanced forces cause stationary objects to remain at rest and moving objects to 

come to rest. 
i. Unbalanced forces cause objects to move. 

Answer: None of these are true, though one might make a strong argument for 
I. 

j. False - Unbalanced forces do more than cause objects to move; unbalanced forces 
cause objects to accelerate. Though one could make a strong argument that an object that 
is accelerating must also be moving (albeit with a changing velocity). In this sense, this 
statement is true. 

  
5. Consider Newton's first law of motion to determine which of the following 
statements are true? List all that apply. 

a. Newton's first law of motion is applicable to both moving and nonmoving objects. 
b. If a football is moving upwards and rightwards towards the peak of its trajectory, 

then there are both rightwards and upwards forces acting upon it. 
c. It would take an unbalanced force to keep an object in motion. 
d. If an object is at rest, then there are no forces acting upon the object. 
e. It would take an unbalanced force to keep an object in motion at a constant 

velocity. 
f. It is the natural tendency of all objects to eventually come to a rest position. 
g. A pendulum bob is set into its usual back-and-forth periodic motion. After some 

time (perhaps 10 minutes), the pendulum bob comes to a rest position. This is 
best explained by the idea of inertia - all objects eventually resist motion. 

h. If a 3-kg rock is thrown at a speed of 2 m/s in a gravity-free environment 
(presuming one could be found), then an unbalanced force of 6 N would be 
required to keep the rock moving at a constant speed. 

i. It would take an unbalanced force to cause an object to accelerate from rest. 
Answer: AI 

a. True - Absolutely true. Like all true scientific laws, they govern all objects. In the case of 
Newton's first law of motion: An object that is nonmoving remains at rest (unless acted 
upon by an unbalanced force); and a moving object will continue in its motion at a 
constant velocity (unless acted upon by an unbalanced force). 

i. True - Unbalanced forces cause stationary objects to accelerate from rest. In the 
absence of an unbalanced force, a stationary object would remain at rest. 

Part B: Force, Acceleration and Newton's Second Law of Motion 

 6. Which of the following statements are true of the concept of force? List all that apply. 



a. A force is a push or pull exerted upon an object which results from the interaction of 
that object with its environment. 

b. Bubba approaches Billie and gives him a swift shove. Timid little Billie keeps his 
hands in his pocket during this interaction. Subsequently, while Bubba places a 
force upon Billie, Billie does not place a force upon Bubba. 

c. A quarterback throws a football down field. Once thrown, the force from the 
quarterback persists upon the ball to cause it to continue on its upward 
trajectory towards its peak. 

d. A sled slides down the hill and reaches the bottom where it gradually slows to a 
stop. Once on the level ground, the force of the hill persists upon the sled to 
allow it to continue its forward motion. 

e. Forces always cause objects to move. 
f. An object can experience two or more forces and not accelerate. 
g. A contact force results from the physical contact between two objects. 
h. A field force results from the action of two objects which are positioned some 

distance away. 
i. Spring and tension forces are examples of field forces. 
j. A force is a vector quantity; there is always a direction associated with it. 
k. Force can be measured in kilograms or Newtons depending upon the system of 

measurement (metric or otherwise). 
Answer: AFGJ and sort of H. 

a. True - This is a great definition of force. 

f. True - Certainly! As you sit in your chair, the chair pushes up on your body but your 
body does not accelerate. This upward force (known as the normal force) is balanced by 
the downward force of gravity. Many objects experience a force yet do not accelerate. 

g. True - There are two broad categories of forces - contact forces and field forces. 
Contact forces, by definition, are those which result from the physical contact of two 
forces. 

h. True (mostly) - A field force is a force which can acts between two objects even when 
they are separated by a distance. Field forces have magnitudes which are dependent upon 
the distance of separation between the two interacting objects. For instance, the force of 
gravity between the Sun and the earth is a field force whose value depends upon the 
distance of separation between the center of the Earth and the center of the Sun. In this 
sense, the force of gravity is a force which acts when two objects are separated in space 
from each other. Yet field forces can also occur when the two objects are touching each 
other. In this sense, one can be skeptical of the wording of the statement. 

j. True - Forces always have a direction associated with them. As such, force is a vector 
quantity - a quantity which is fully described by both a magnitude (size, value) and a 
direction. 

 

 

  


