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a) Measure the distance the steel ball rolls 
and the time it takes to reach the end of 
the track using a ruler and a stopwatch. 
Record this data in your log and 
calculate the velocity of the steel ball. 
The equation for calculating average 
velocity is 

velocity = 
displacement
time elapsed

                       
v

d
t

,

where v is the velocity,
 Δd  is the displacement 

(change in position), and 
 Δt is the time elapsed.
The symbol Δ (delta) signifies “change 
in.” Δ always means “final value” – 
“initial value.” So Δt = tfinal- tinitial.
Remember: a velocity must have a 
direction. The average velocity will be 
in the direction of the displacement.
Displacement is itself a vector quantity. 
For example, you might say that 
you moved 1.5 m north; so your 
displacement was 1.5 m north. The 
change in your position, which is the 
displacement, is represented as Δd. 

 3. Do another run with the steel ball but 
change the speed of the steel ball this time. 
a) Record the data and calculate the 

velocity of the steel ball again.
 4. Your teacher will demonstrate the use of 

a velocimeter that you will use in Step 6. 
A velocimeter (photogate) has two sensors 
inside and computes the speed of the 
ball for you. Each sensor can either start 
or stop the timer when the rolling ball 
intercepts the beam. 

a) How do you think the velocimeter is 
able to compute the speed? 

b) A velocimeter with only a single beam 
starts when an object breaks a light 
beam across the opening of the gate. 
The timer stops when the beam is no 
longer broken. The time interval can be 
measured very accurately. The computer 
measures the opening and closing of the 
gate as an elapsed time. To determine 
the velocity of the steel ball, what 
additional information would you 
(or the computer) need to know? 

 5. A large steel ball travels 6 cm. The elapsed 
time recorded on the velocimeter timer 
is 2 s. 
a) Calculate the speed of the ball. (Since 

the speed is requested, you do not have 
to worry about the direction of motion. 
Speed is a scalar — it has no direction. 
Velocity is a vector — it has direction). 

 6. Roll a steel ball along a horizontal track. 
Use the velocimeter to help you find the 
speed of the steel ball traveling along the 
track. Place the velocimeter in a position 
where the ball must intercept the timer’s 
beam. If you don’t have a velocimeter 
available, you may find the speed by using 
a stopwatch to determine how long it 
takes the ball to travel a specified distance, 
say 0.3 m. 

 7. Raise the track to create a slope for the 
steel ball to travel down. Allow the steel 
ball to roll down this ramp. Make certain 
to start the ball from the same position 
during your trials when the ramp was 
horizontal.
a) Measure the speed of the steel ball at 

two different points. It is easiest to start 
the ball at rest (speed equals zero) and 
then use the velocimeter to measure the 
speed near the bottom of the track. You 
will also need to measure the time it 
takes the ball to go from where it starts 
to when you measure the “final” speed. 

distance
time
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 Since the direction of the steel ball 
down the track can be considered 
to be along a straight path, your 
measurement is also a velocity. The 
direction does not change. In your 
log, record the speeds and the time 
it took for the ball to go from the 
starting point to the velocimeter. 

b) Calculate the acceleration of the 
ball from the two speed (velocity) 
measurements. Acceleration is the 
change in velocity with respect to 
time. The equation to calculate 
acceleration is 

acceleration = 
change in velocity

time elapsed

                        
a = Δ

Δt
v

,

    where  a is the acceleration,
v is the velocity,
t is time,

 

           
  

  

Δt = t
final

− t
initial

,  time elapsed.

Δv = v
final

− v
initial

,  change in velocity,

 The initial velocity is zero and you 
recorded the final velocity. You need 
to know the time it took the steel ball
to travel from the start position to 
the final position. This will provide 
the change in time necessary for the 
acceleration calculation. You may 
have to repeat Step 7.a) again in 
order to measure this time. It may be 
good to do this several times so that 
you can compare your measurements 
and evaluate them.

Part D:  Acceleration on the Roller 
Coaster—Pulling g’s
 1. On a roller coaster, you often feel 

heavier or lighter as you whip around 
curves or go up or down hills. You can 
feel the accelerations with your body. 
This is often called “pulling g’s.” Recall 
that g stands for acceleration due to 
gravity. The Terminator Express has a 
number of places where a rider would 
be pulling g’s. Try to imagine a ride on 
the roller coaster shown in the diagram 
below.

a) Make a new copy of the drawing of 
The Terminator Express. Indicate 
where the riders might feel light, and 
where they might feel heavy. Also 
indicate on the diagram where you 
think the coaster is speeding up and 
where it is slowing down.

Top View of the Terminator Express

lift hilltop #1    first drop  

braking
occurs here                                    hilltop #2 

clothoid loop   E

A                       B                             C

J               H               G               F

D

loading
platform

horizontal loop back
curve

I
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 4. A roller-coaster rider traveling in a straight line changes from a speed 
of 4 m/s to 16 m/s in 3 s. Calculate the acceleration of the ride. 

 5. Identify the following situations as an example of either distance, displacement, 
speed, velocity, or acceleration.

a) a car traveling at 50 km/h 

b) a student riding a bike at 4 m/s toward home

c) a roller-coaster ride whips around a left turn at 5 m/s

d) a roller-coaster car is dragged up a hill 12 m tall traveling at 3 m/s.

e) a train ride takes you 150 km northwest

 6. A lab cart is 10 cm long. It travels through a velocimeter in 2 s. Calculate the 
cart’s speed. 

 7. A second lab cart is 5 cm long. If it were traveling at the same speed as the 
cart in Question 6, what would the velocimeter record as the elapsed time?

 8. Your vehicle accelerates from 0 to 25 m/s (about 55 mi/h) in 10 s while 
traveling down a straight street. What is the acceleration of your vehicle?

 9. As noted in the Physics Talk, physicists often introduce terms and distinctions 
that seem to make simple things more complicated. As you were told, 
these distinctions can make very difficult things much easier to explain and 
understand. Give an example outside of physics where you make a distinction 
for simple things so that complicated things will be easier to understand?  

 10. Preparing for the Chapter Challenge

  Suppose you were designing a roller coaster for young preschool children. 

a)  Describe two changes you would make to The Terminator Express roller 
coaster. Explain why you would make these changes. 

b) Draw the top and side view of the roller coaster with these additional changes.

Inquiring Further
Research roller coasters

 Research roller coasters on the Internet. Which are the most modern? What are 
some innovations in newer roller coasters? What features from historic coasters 
have been retained? Compare wooden and steel roller coasters. 
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