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1D Kinematics
(including free fall)

PHYS 11: Chap. 2, Pg 2
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PHYS 11: Chap. 2, Pg 3

ConcepTest 2(Post) Kinematics

0 of 5

If the velocity of an object 
is non-zero (v  0), can the 
acceleration of the object 
be zero?

Follow-up:  How about 
the other way around?  
Can an object have a 
non-zero acceleration, 
but zero velocity?

1. yes
2. no

3. depends on the velocity

PHYS 11: Chap. 1, Pg 5

ConcepTest 4(Post) Kinematics

0 of 5

If the velocity of an object 
is zero (v = 0), can the 
acceleration of the object 
be non-zero (a  0)?

1. yes
2. no

3. depends on the velocity

PHYS 21: Chap. 2, Pg 6

Give a specific example for each 
of the following situations:

1) a = 0  but v ≠ 0

2) v = 0  but a ≠ 0

3) v < 0  and a > 0

2.15
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PHYS 21: Chap. 2, Pg 7

Indicate whether the quantities in the table 
are positive (+), negative (-) or zero (0). 

A B C D
initial 

position

final 
position

initial 
velocity

final 
velocity

accel.

A B

C D

1.30 PHYS 21: Chap. 2, Pg 8

Indicate whether the quantities in the table 
are positive (+), negative (-) or zero (0). 

A B C D
initial 

position

final 
position

initial 
velocity

final 
velocity

accel.

A B

C D

1.30
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PHYS 21: Chap. 2, Pg 9

The kinematic variables for position, velocity and 
acceleration have 8 possible combinations of signs, 
such as (x,v,a) = (+,-,+) for example.

List all 8 combinations.  Draw a motion diagram 
for each case and draw the corresponding velocity 
and acceleration vectors.

xx=0

1.31 PHYS 21: Chap. 2, Pg 10

PHYS 21: Chap. 2, Pg 112.57

A truck driver has a shipment of apples to deliver to a 
store 500 miles away. The trip usually takes him 8 hours. 
Today he is daydreaming and realizes 150 miles into his 
trip that he is running a half hour later than his usual 
pace at this point.  

How fast must he drive for the remainder of the trip in 
order to complete the trip in the usual amount of time?  

v = 68.6 mph

PHYS 21: Chap. 2, Pg 12

v = 68.6 mph

Normally:

But today:

So to make up lost time:

𝑣௔௩௚ ൌ
500 𝑚𝑖𝑙𝑒𝑠

8 ℎ𝑟𝑠
ൌ 62.5 ௠௜௟௘௦௛௥

𝑡ଶ ൌ
350 𝑚𝑖𝑙𝑒𝑠
62.5 𝑚𝑝ℎ

ൌ 5.6 hrs

𝑡ଶ ൌ 5.1 hrs𝑡ଵ ൌ 2.9 hrs

𝑣௙௔௦௧ ൌ
350 𝑚𝑖𝑙𝑒𝑠

5.1 ℎ𝑟𝑠
ൌ 68.6 ௠௜௟௘௦௛௥

A truck driver has a shipment of apples to deliver to a 
store 500 miles away. The trip usually takes him 8 hours. 
Today he is daydreaming and realizes 150 miles into his 
trip that he is running a half hour later than his usual 
pace at this point.  

How fast must he drive for the remainder of the trip in 
order to complete the trip in the usual amount of time?  

𝑡ଵ ൌ
150 𝑚𝑖𝑙𝑒𝑠
62.5 𝑚𝑝ℎ

ൌ 2.4 hrs

7 8

9 10

11 12
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PHYS 21: Chap. 2, Pg 132.57

A truck driver has a shipment of apples to deliver to a 
store 500 miles away. The trip usually takes him 8 hours. 
Today he is daydreaming and realizes halfway into his trip 
(at the 250 mile mark) that he is running a half hour later
than his usual pace at this point.  

How fast must he drive for the remainder of the trip in 
order to complete the trip in the usual amount of time?  

v = 71.4 mph

PHYS 21: Chap. 2, Pg 14

v = 71.4 mph

Normally each half of the trip requires:

But today:

So to make up lost time:

𝑣௔௩௚ ൌ
500 𝑚𝑖𝑙𝑒𝑠

8 ℎ𝑟𝑠
ൌ 62.5 ௠௜௟௘௦௛௥

𝑡ଵ ൌ 𝑡ଶ ൌ
250 𝑚𝑖𝑙𝑒𝑠
62.5 𝑚𝑝ℎ

ൌ 4 hrs

𝑡ଶ ൌ 3.5 hrs𝑡ଵ ൌ 4.5 hrs

𝑣௙௔௦௧ ൌ
250 𝑚𝑖𝑙𝑒𝑠

3.5 ℎ𝑟𝑠
ൌ 71.4 ௠௜௟௘௦௛௥

A truck driver has a shipment of apples to deliver to a 
store 500 miles away. The trip usually takes him 8 hours. 
Today he is daydreaming and realizes halfway into his trip 
(at the 250 mile mark) that he is running a half hour later
than his usual pace at this point.  

How fast must he drive for the remainder of the trip in 
order to complete the trip in the usual amount of time?  

PHYS 21: Chap. 2, Pg 15

For the x vs. t graphs, draw corresponding v vs. t graphs.

2.7

PHYS 11: Chap. 2, Pg 17

ConcepTest 3(Post) Speed and Position

0 of 5

Which of the following v vs. t 
graphs matches the motion 
diagram?

1. A
2. B
3. C
4. D

Follow-up:  Which of 
these figures could be 
the x vs. t graph?

PHYS 21: Chap. 2, Pg 18

For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words.  Assume that x0 = 0.

2.8

13 14

15 16
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PHYS 21: Chap. 2, Pg 19

For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words.  Assume that x0 = 0.

2.8 PHYS 21: Chap. 2, Pg 20

For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words.  Assume that x0 = 0.

2.13

PHYS 21: Chap. 2, Pg 212.13

For the v vs. t graphs, draw corresponding x vs. t graphs.
Describe the motion in words.  Assume that x0 = 0.

PHYS 21: Chap. 2, Pg 22

Draw x vs. t and v vs. t graphs for each motion diagram.  
Show the motion of both cars A and B on the same graph.

Do the cars have the same position at one instant in time?  
Do the cars have the same velocity at one instant in time?
Show these points on the motion diagram and your graphs.

2.11

PHYS 21: Chap. 2, Pg 23

Draw x vs. t and v vs. t graphs for each motion diagram.  
Show the motion of both cars A and B on the same graph.

Do the cars have the same position at one instant in time?  
Do the cars have the same velocity at one instant in time?
Show these points on the motion diagram and your graphs.

2.12 PHYS 21: Chap. 2, Pg 24

a) Where is the object moving the
slowest (without being at rest)?

b) Where is it moving the fastest?
c) Where is the object at rest?
d) Has constant non-zero velocity?
e) Moving to the left?

a) Where is the object moving 
the fastest?

b) Moving to the left?
c) Speeding up?
d) Slowing down?
e) Turning around?

2.8-2.9
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PHYS 21: Chap. 2, Pg 25

a) Where is the object moving the fastest?
b) Where is it moving to the left?
c) Speeding up?     
d) Slowing down?     
e) Turning around?

v

t

B
AE

C
CDE

D

a

A     B     C

D

E

F

B

D

A

C

E

F

PHYS 21: Chap. 2, Pg 26

Sketch x vs. t  and v vs. t graphs for the following:

1) A parachutist opens her parachute at an altitude of 
1500 m. She descends slowly at a constant speed of     
5 m/s.  Start your graph when the parachute opens.

2) A rabbit hops to the right at a steady speed of       
1 m/s for 4 seconds.  Then it sees a coyote and 
instantly increases its speed to 3 m/s.

3) Quarterback Bill throws the ball to the right at a 
speed of 15 m/s.  It is intercepted 45 m away by Tom, 
who is running to the left at 7.5 m/s and carries the 
ball 60 m for a touchdown.  Draw a graph of the ball.  

2.10

PHYS 21: Chap. 2, Pg 27

Sketch x vs. t  and v vs. t graphs for the following:
1) A parachutist opens her parachute at an altitude of 
1500 m. She descends slowly at a constant speed of     
5 m/s.  Start your graph when the parachute opens.

2) A rabbit hops to the right 
at a steady speed of 1 m/s 
for 4 secs.  Then it sees a 
coyote and instantly increases 
its speed to 3 m/s. PHYS 21: Chap. 2, Pg 28

Sketch x vs. t  and v vs. t graphs for the following:

3) Quarterback Bill throws the ball to the right at a 
speed of 15 m/s.  It is intercepted 45 m away by Tom, 
who is running to the left at 7.5 m/s and carries the 
ball 60 m for a touchdown.  Draw a graph of the ball.  

2.10

PHYS 21: Chap. 2, Pg 29

Sketch x vs. t  and v vs. t graphs for the following:

1) A car starts from rest, steadily speeds up to 40 mph 
in 15 s, moves at a constant speed for 30 s, then comes 
to a halt in 5 s.

2) A rock is dropped from a bridge. It is moving 30 m/s 
when it hits the ground 3 s later.

3) A pitcher throws a baseball at 40 m/s.  One-half 
second later, the batter hits a line drive at 60 m/s.  
The ball is caught 1 s after it is hit. 

2.10 PHYS 21: Chap. 2, Pg 30

1) A car starts from rest, steadily speeds up to 40 mph in 15 s, 
moves at a constant speed for 30 s, then comes to a halt in 5 s.

2) A rock is dropped from a bridge. 
It is moving 30 m/s when it hits the 
ground 3 s later.

3) A pitcher throws a baseball at 40 m/s.  One-half second later, 
the batter hits a line drive at 60 m/s.  The ball is caught 1 s after 
it is hit. 

2.10
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PHYS 11: Chap. 2, Pg 31

This is truer than you think ...

PHYS 22: Chap. 26, Pg 32

Free Fall

PHYS 11: Chap. 2, Pg 33

ConcepTest 3(Post) Free Fall

0 of 5

A ball is thrown straight up into the 
air. At the top of its rise (maximum 
height), what is the magnitude of 
the ball’s acceleration?

What is the velocity of 
the ball at that point?

1. a > g
2. a = g
3. 0 < a < g
4. a = 0
5. a < 0 

PHYS 11: Chap. 1, Pg 34

ConcepTest 2(Post) Kinematics

0 of 5

What is the direction of the 
velocity and the acceleration 
for the ball in the following 
stop-action photo?

1. v is up, a is up
2. v is up, a is down
3. v is down, a is up
4. v is down, a is down
5. hmm, I just don’t know

ConcepTest 5(Post) Free Fall

0 of 5

A rock is thrown straight down from 
a bridge.  Immediately after being 
released, what is the magnitude of 
the rock’s acceleration?

Follow-up:  Just before 
hitting the river, what is 
the rock’s acceleration?

1. a > g
2. a = g
3. 0 < a < g
4. a = 0
5. a < 0 

w = 15.6 cm
w/2 = 7.8 cm
t = 0.126 s

31 32

33 34

35 36
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PHYS 21: Chap. 2, Pg 37 PHYS 21: Chap. 2, Pg 38

Is this right?

PHYS 11: Chap. 2, Pg 39

see page 51 

PHYS 11: Chap. 2, Pg 40

PHYS 11: Chap. 2, Pg 41 PHYS 21: Chap. 2, Pg 42

t = 14 s

Can you represent this 
problem graphically?

x

t

A policeman hiding behind a billboard sees a speeding 
car zoom by him at a constant speed of 35 m/s. The 
policeman starts from rest and takes up the chase, 
accelerating at 5 m/s2 until he catches the culprit.  

How long does it take him to catch the speeding car?

37 38

39 40

41 42
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PHYS 21: Chap. 2, Pg 43

t = 14 s
=

Can you represent this problem graphically?

x

t

𝑡 ൌ
2𝑣௖௔௥
𝑎௣௢௟௜௖௘

ൌ
2 35 ௠௦

5 ௠
௦మ

ൌ 14 𝑠𝑣௖௔௥𝑡 ൌ
1
2
𝑎௣௢௟௜௖௘𝑡ଶ

𝑥௖௔௥ ൌ 𝑣௖௔௥𝑡 𝑥௣௢௟௜௖௘ ൌ
1
2
𝑎௣௢௟௜௖௘𝑡ଶ

A policeman hiding behind a billboard sees a speeding 
car zoom by him at a constant speed of 35 m/s. The 
policeman starts from rest and takes up the chase, 
accelerating at 5 m/s2 until he catches the culprit.  

How long does it take him to catch the speeding car?

PHYS 21: Chap. 2, Pg 44

t  =  14
t  >  14
t  <  14

14 s

ConcepTest 6(Post)Speeding Ticket!

0 of 5

The policeman catches the speeder 
at t = 14 s, as seen on the left.  
At what time does the policeman 
have the same velocity as the 
speeder, as seen on the right?

1. t < 14 s

2. t = 14 s
3. t > 14 s

14 s

PHYS 21: Chap. 2, Pg 46

area under v vs. t curve = displacement

area = height ꞏ width
= v∙t
= displacement!

area = ½ base ꞏ height
= ½ t∙vf
= ½ t∙at = ½ a(t)2

= displacement!

PHYS 21: Chap. 2, Pg 47

7 s 14 s

v

t
0

14 s7 s
speeder

43 44

45 46
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