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I Position versus time

1. Move photogate A near the start so the car breaks the light beam just after it is launched.
2. Move photogate B to different positions 10 cm apart along the track (measure position).
3. For every position of photogate B, record the time through the beam at photogates A and B and also 

the time from A to B.
4. Take at least 8 data points along the track being careful to start the car the same way every time. 

Use photogate A to test whether you should keep the data from a trial or do it over.

J Thinking about what you observed
  a. Draw a graph showing the position of the car on the vertical (y) axis and the time since the car was 

released on the horizontal (x) axis. The time you want is the time from photogate A to B. 

  b. What shape does the position versus time graph have? Describe the line or curve that you produce.

  c. Calculate the average speed of the car from the graph or your data.

  d. How long would it take the car to travel a distance of 2 meters if it kept the same speed?

Table 2: Position versus time data
Position

(cm)
Time through 
photogate A

(sec.)

Time through 
photogate A

(sec.)

Time from photogate 
A to B
(sec.)
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1ATime, Distance, and Speed

This Investigation is about speed and motion. You will use a precise Timer and photogates to create a graph
of motion that will allow you to predict what will happen even before you do it!

A Using the timer as a stopwatch

B Mixed units for time
Time is often given in mixed units including hours, minutes, and seconds. Mixed units are often written as
shown in the diagrams below. Convert each one (a-c) to seconds.

Arrange the following times from smallest to largest:

Question for this Investigation:
How is motion described and measured in physics?

Materials
• car and track
• Clay

• Timer and 2 photogates • #33 rubber band

1. Set the timer to stopwatch.
2. Start and stop the stopwatch with 

the “A” button.
3. Reset the stopwatch to zero with 

the “O” button.

The electronic timer allows us to make accurate, precise
measurements of time. The timer performs many
different functions. The first function to try is
stopwatch. Use the mode button (1) to move the light
under the word stopwatch. 

A stopwatch measures a time interval. The stopwatch is
started and stopped with the “A” button (2). The display
shows time in seconds up to 60 seconds, then changes to
show minutes: seconds for times longer than one
minute. 

The time it takes a signal to go from your brain to move
a muscle is called reaction time. Reaction time varies
from person to person and can be affected by factors
like tiredness or caffeine intake.

Practice taking measurements with the stopwatch; then
estimate the approximate reaction time of an average
student.
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C Using the photogates
A photogate allows us to use a light beam to start and stop
the timer. When the timer is in interval mode, it uses
photogates to control the clock.

1. Connect a single photogate to the “A” input with a 
cord.

2. Select interval on the timer.
3. Push the “A” button and the “A” light should come 

on and stay on.
4. Try blocking the light beam with your finger and 

observe what happens to the timer. Because it is 
used for so many measurements, you need to figure 
out how the photogate and timer work together. Try 
your own experiments until you can answer the 
questions.

D How the photogate works
  a. Exactly what do you do to start and stop the clock? Be very specific in your answer. Someone who has 

never seen the photogate before should be able to read your answer and know what to do.

  b. If you block the light beam several times in a row, does the time add or does the timer start at zero 
every time you break the beam? Your answer should provide observations that back up what you say. 
For example, “the timer does _____ because_____.” Fill in the blanks with what you think based on 
what you observed.

E Two photogates
The timer can be used with two photogates. Photogate A is connected to the A input and photogate B is
connected to the B input. What the timer shows depends on the lights above the buttons. Pushing the A or B
buttons toggles the A or B light on or off. Do your own experiments until you can fill in Table 1. 

F Thinking about what you observed
  a. Describe a way to measure the speed of a toy car using two photogates and a meter stick.

  b. Describe a way to measure the speed of a toy car using one photogate and a meter stick.

  c. What does the red Reset button do?

Table 1: Timer and photogate rules
A 

light
B 

light
How do you start the 

clock?
How do you stop the 

clock?
What time interval does 

the clock measure?
On Off
Off On
On On
Off Off
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1AG Constant speed

1. Put the track together as shown in the diagram. Use one rubber band on the launching end and a ball 
of clay on the catching end to stop the car.

2. Adjust the stop so the rubber band has 2 - 3 cm of deflection. Put a photogate on the mark just 
ahead of the car. Practice launching the car until you can get 3 successive photogate times to within 
0.0010 seconds of each other.

3. Put two photogates on the track. Adjust the height of the leveling feet until the car has the same 
speed passing through both photogates.

4. Be careful not to disturb the track once you get it set up level.

H Thinking about what you observed
  a. Describe how the photogate measurements prove that the car has constant speed, or nearly constant 

speed.

  b. Calculate the speed of the car in meters per second (m/sec).
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