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Materials
recording timer with timer tape masking tape

necessary power supply carbon paper discs constant-velocity vehicle
C-clamp metric ruler graph paper

Procedure u

. With your lab partner, set up the recording timer as shown in Figure 1. Insert about 1.5 m of

12

timer tape into the timer. Make sure the tape moves freely through the timer. Using a piece
of masking tape, attach the timer tape to the constant-velocity vehicle.

. Start the timer. Then start the vehicle and allow it to pull the timer tape through the recording

timer. Stop the vehicle and the timer after all the tape has been pulled through the timer. Insert
another piece of recording tape into the timer and repeat the procedure so that each lab
partner has a tape to analyze.

. Write “start’” at the end of the tape that was attached to the vehicle, as shown in Figure 2.

Examine the dots at the “start’” end of the tape. Notice that several dots are crowded close
together. Find the first easily distinguishable dot and mark this dot “0.”” Count off five dots
(spaces) from the 0 dot. Mark this dot ““1.” Count off five more dots from the dot marking
interval 1 and label this dot “2.” Continue counting five dots and marking intervals 3, 4, 5, etc.
These numbers represent the intervals of time that elapsed as the vehicle traveled the distance
between dot 0 and each fifth numbered dot.

. Beginning at the “0"” dot, measure in centimeters the distance on the recording tape of the first

interval (between dot 0 and dot 1). Record this distance in Table 1 as the displacement during
interval 1. Continue measuring the displacement of the vehicle for each successive interval and
recording each value in Table 1.

. The average velocity during a given interval is the displacement divided by one interval of time.

Since the time for each measurement is one interval (t = 1 interval), the velocity will be
numerically equal to the displacement during the interval. For example, a vehicle that traveled
3.5 cm during the first interval will have an average velocity of 3.5 cm/interval since 3.5 cm/
1 interval = 3.5 cm/interval. Record each average velocity next to the corresponding time
interval.

. The total displacement of the vehicle at the end of any given interval is the sum of the

displacements during each preceding interval plus the current measurement. The total dis-
placement at the end of interval 1 is the displacement during interval 1. The total displacement
atthe end of interval 2 is the sum of the displacement during interval 1 plus the displacement
during interval 2. The total displacement for each remaining interval is found in the same
manner. Calculate the total displacement of the vehicle for each interval and record the values
in Table 1.
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EXPERIMENT UmeI’IIl
3.1 Motion

Purpose
Use graphical methods to analyze the motion of a vehicle.

Concept and Skill Check

You were introduced to the operation of the recording timer in Experiment 2.3. Please review the
timer procedures you practiced before continuing with this experiment. In the previous laboratory
activity, you were concerned with measurement of time, and you calculated the average period of
the timer from your experimental results. In this investigation, the actual time in seconds that it
takes for the arm to go up and down and make a dot on the tape is not important. However, it is
important to understand that the time interval represented by each successive dot on the timer
tape is constant.

In this laboratory activity, a strip of timer tape will be attached to a constant-velocity vehicle as
shown in Figure 1. The movement of the attached tape'through the timer equals the distance the
vehicle travels. Therefore, tHe distance between two successive dots on the tapeisthe sameas the
displacement of the moving body during the time required for the timer arm to go up and down
once. Ifthedistance between dots is large, the tape was movingrapidly; if the distance between the
dots is small, the tape was moving slowly.-

Because the time intervals rep- Constant-velocity
resented by successive dots are vehicle
the same throughout the tape, it
is possible to use this time peri-
od as a standard unit of time. For
the purposes of this experiment,
you will use the time represent-
ed by six successive dots on the
timer tape (five full vibrations of
the timer arm, or five spaces) as
one time interval, Figure 2.

Masking tape

T
S 2y

Paper tape

The distance represented by five
spaces between dots on the
tape is equivalent to the actual
displacement of the moving ve- Figure 1.
hicle during that time interval.

This distance divided by one in-

terval of time is the average velocity (7) of the moving tape, which is equivalent to the average
velocity of the moving vehicle during that time interval (o).

v =Ad/ At

If the distance is measured in centimeters, the velocity of the vehicle is expressed in centimeters
per time interval. If the actual time per interval is known, the velocity of the vehicle is expressed
in centimeters per second or, more properly, in meters per second.
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Observations and Data

Table 1
Time Displacement Average velocity Total displacement

(interval) - (cm) (cm/interval) (cm)

1

2

10

Analysis

1. On a sheet of graph paper, plot the velocities (vertical axis) versus the corresponding time
intervads (horizontal axis). Be sure that each graph you plot in this experiment has a title and
that all axes are properly labeled.

2, Write an explanation for what the graph shows. Point out any location on the graph that shows

" constant velocity or changing velocity. Calculate the vehicle’s average velocity for the entire
trip. How does it compare to the velocities during each interval? Using a colored pencil ora
pen, draw a line on your graphrindicating this average velocity.

3. On another sheet of graph paper, plot the total displacement (vertical axis) versus the time
intervals (horizontal). Use the same size scale on the x-axis for time intervals as you did for you!
preceding graph.

-~
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4. Write an explanation for what the graph shows. Point out any changes in the slope of the line
and describe what the slope represents.

5. Look at both graphs. Explain how the shape of the second graph correlates with the shape of
the first graph.

6. In your experiment, which was the independent variable and which was the dependent
variable?

Extension

1. Using the actual period for your recording timer, convert each interval to actual time in
seconds. Each interval consists of five spaces (dots) from the initial dot, so the actual time for
the interval will be five times the period of your recording timer. Calculate the average velocity
in cm/s for each interval.

4
¢

2. Using your velocity-time graph, answer the following.
a. What does the area under the line on the graph represent?

b. Make an estimate of the area under the curve. How does the area compare to the total
displacement for the same number of intervals?

c. What does thevslope of the line represent?
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