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12.2 Speed

Everyone has seen the road signs “Maximum 90 km/h” (Figure 1). The speed
of an object is equal to the distance an object travels divided by the time
interval. In other words, speed is the rate at which the object is travelling.
The equation that we use to calculate speed is
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where ∆d is the change in distance, and ∆t is the change in time.

For example, if a bus takes 10 min to travel from the bus stop to a beach
that is 6 km away, we could say the bus is travelling at 0.6 km/min. However,
this is not a typical unit for measuring the speed of motor vehicles. Instead
we could say that, at that rate, in 1 h the bus would have gone 36 km.
Therefore, the speed of the bus was 36 km/h.

It is not likely that a bus would travel all the time at 36 km/h. In other words,
the speed of 36 km/h would be an average speed for the trip to the beach.

Average Speed
The speed of an object is calculated by dividing the distance travelled by the
time taken. The average speed of an object is the total distance the object
travelled divided by the total time taken. The equation for calculating
average speed is 
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where vav is the average speed, df is the final position, di is the initial
position, tf is the final time, and ti is the initial time. In this equation, the
motion started at time ti at a position of di and ended at time tf at a position
of df. This way of writing the equation for average speed is useful when the
initial location or time is not considered to be zero.

Figure 1 Road signs tell us the
maximum speed at which we are
allowed to drive.

LEARNING TIP
Note that in an equation where the
variables have a delta symbol in both
the numerator and the denominator,
the symbols cannot be cancelled.
Recall that the delta symbol (∆)
represents “change in.”

Mach Speed 

The speed of aircraft is given in Mach
number, which measures the speed of
an object relative to the speed of
sound (332 m/s or 1195 km/h). Mach
1 equals the speed of sound. The
fastest airplane, the Lockheed SR-71
Blackbird, can travel at Mach 3.

?KNOW
Did You
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The average speed equation can be used to solve motion problems. In
addition to solving for average speed, we can rearrange the equation to solve
for time or distance. Note that all distances need to be in the same units, and
all time measurements must also be in the same units. For example, if the
distance is in metres (m) and the speed is in km/h, then one of the units
must be changed to reflect the same distance unit (m and m/h, or km and
km/h). GOGO

SAMPLE PROBLEM 1

Determine Average Speed

A student saw a spider walking along a metre stick. When the spider crossed the 15 cm
mark, the student started a stopwatch. When the spider reached the 60 cm mark, the student
stopped the stopwatch. It took the spider 84 s. Calculate the average speed of the spider 
in cm/s.

Solution

Substitute the values into the average speed equation. In this case, the initial time was 0 s.
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vav � 0.54 cm/s

The average speed of the spider was 0.54 cm/s.

Practice

A dog was seen walking down a marked track by a student with a stopwatch. The student
started the stopwatch when the dog was at the 20 m line. The stopwatch read 37 s when the
dog crossed the 45 m line. Determine the average speed of the dog in m/s.

SAMPLE PROBLEM 2

Determine Average Speed

A person walks 8.5 km in 2.2 h. What was the person’s average speed?

Solution

Substitute the values into the average speed equation.
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vav � 3.9 km/h

The person’s average speed was 3.9 km/h.

Practice

A racing pigeon flew a distance of 52 km in 1.7 h. What was the average speed of the racing
pigeon?

To learn more about different
units for measuring speed and
how they are related, go to
www.science.nelson.com GOGO
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SAMPLE PROBLEM 3

Determine the Time

A small plane flies 84 km from Nanaimo to Victoria. The average speed of the plane when
flying is 280 km/h. Determine the plane’s flying time.

Solution

Change the form of the average speed equation to solve for ∆t. Then, substitute the values
into the equation and solve.
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∆t � 0.30 h

The plane’s flying time will be about 0.30 h.

Practice

A bowler rolls a bowling ball at 7 m/s down a bowling alley. The pin is 18.5 m away. How
long will it take for the ball to reach the pin? 

SAMPLE PROBLEM 4

Determine Distance

Sunlight takes about 500. s to reach Earth. Light travels at 3.0 � 108 m/s. How far is the Sun
from Earth? (Refer to Appendix B2 for tips on the appropriate use of scientific calculators
with scientific notation.)

Solution

Change the form of the average speed equation to solve for ∆d. Then, substitute the values
into the equation and solve.
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∆d � 1.5 � 1011 m

The Sun is 1.5 � 1011 m from Earth.

Practice

A speed skater is skating at 13.2 m/s. How far will he skate in 37.9 s?

Breaking the Sound Barrier

Although American pilot Chuck
Yeager experienced queasiness the
first time he ever flew an airplane, he
was the first pilot to fly faster than
the speed of sound. On October 14,
1947, days after cracking several ribs
in a horseback riding accident, he
broke the sound barrier flying the
rocket-powered Bell X-1 at Mach
1.06.

?KNOW
Did You

STUDY TIP
Don’t delay! As soon as you have read
the sample problem, do the practice
problem right away. The experience of
solving a problem will increase your
chances of remembering the new
material.
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SAMPLE PROBLEM 5

Determine the Distance

The driver of a car travelling at 50.0 km/h sees a deer crossing the road ahead. It takes the
driver 1.2 s to react and start to apply the brakes. How far did the car travel before the driver
hit the brakes?

Solution

In this case, the answer will be most useful in metres. Therefore, the speed will have to be
changed from km/h to m/s.
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Rearrange the average speed equation, and then substitute the values into the equation.
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� (13.9 m/s)(1.2 s)

∆d � 17 m

The car travelled 17 m.

Practice

A person is riding a bicycle at 9.2 m/s. How far, in kilometres, will the person travel in 2.6 h?

Instantaneous Speed
Often we want to know how fast an object is going at a particular instant in
time. The speedometer of the car indicates the current speed at which the
car is moving (Figure 2). Instantaneous speed is the speed of an object at a
particular instant in time. When a driver gets a speeding ticket, it is because
the instantaneous speed of the car, as indicated by the police officer’s speed
detector, exceeds the maximum speed limit.

Constant Speed
Vehicles, such as buses and cars, often change speeds to pass other cars, to
slow down for pedestrians, or to obey traffic signals. However, some objects,
such as light travelling from a star, travel at a constant speed. If the speed of
an object is constant (does not change), then its average speed will be the
same as its instantaneous speed. Therefore, an object has constant speed if
its instantaneous speed is not changing.

Figure 2 A speedometer tells you how
fast you are travelling at a particular
instant in time.

To learn about the world’s
fastest airplane, boat, and car,
go to
www.science.nelson.com GOGO

GOGO
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1. A freestyle swimmer was timed every 10 m as
she swam a 50 m race. The times and distances
are shown in Table 1.

(a) What is the average speed of the swimmer
for the first 10 m?

(b) What is the average speed of the swimmer
for the last 10 m?

(c) What was her average speed for the entire
race?

2. A driver travelled 22 km in 15 min, then
stopped for lunch for 25 min, and then drove
another 34 km in 20 min. What was the average
speed for the trip? What was the average speed
while the car was moving?

3. Greyhounds can race faster than any other
breed of dog (Figure 3). A greyhound ran 250 m
in a time of 13.1 s. What was its average speed?

4. A large clock has a second hand that is 18 cm
long.
(a) What distance does the tip of the second

hand travel in 1 min?
(b) What is the speed of the tip of the second

hand?
(c) Is the speed constant? Explain your answer.

5. A golf ball landed 75 m away from the tee. The
golf ball travelled with an average speed of
43 m/s. How long was the golf ball in the air?

6. The speed of sound is 343 m/s at 20 °C. A
baseball fan is sitting 150 m from home plate.
How much longer will it take for the sound of
the batter hitting the ball to be heard by the fan
than the umpire?

7. A nerve impulse travels with a speed of 90 m/s.
How long would it take for an impulse to go a
distance of 55 cm?

8. A wheelchair athlete can travel at 6.1 m/s. How
far can the athlete travel in 65 s?

9. A family travels from Squamish to Kelowna in 
4 h 38 min, not including rest stops, at an
average speed of 82 km/h. What is the distance
between the two cities?

10. A river is flowing at 2.5 m/s. How long will it
take a log floating in the river to travel 1 km?

11. A motorcycle is being designed to be the fastest
in the world. The target speed on a trial ride was
540 km/h. How far would the motorcycle travel
in 15 s?

12. The space shuttle travels at 7800 m/s in an orbit
with a radius of 6700 km about Earth.
(a) What is the distance the shuttle travels in

one complete orbit?
(b) How long does it take to complete an orbit?

13. One object had an average speed of 36 km/h
while another object had a constant speed of
36 km/h. Explain how these two speeds could be
different.

14. A train had a constant speed of 65 km/h
travelling beside a highway for 10 min. What
was the instantaneous speed of the train at the 
5 min mark?

Distance (m) 0 10 20 30 40 50

Time (s) 0 5.9 17.9 28.2 43.0 61.2

Table 1 Motion of a Swimmer

Figure 3
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