Name: Unit VIII

Mr. Willis Electromagnetic Spectrum & Light V I I I
Conceptual Physics: Need extra help?
Date: Check out http://www.bayhicoach.com

What's the Frequency, Roy G. Biv?

Objective: Students will discover and verify the relationship between Wavelength and Frequency of the
Electromagnetic Spectrum.

Materials

Adding machine tape 4 books

Set of red, green and violet (purple) pencils masking tape
Manila folder extra pencil
Meter stick data table

Pair of scissors

Introduction

The visible light from the sun is actually composed of the colors red, orange, yellow, green, blue, indigo,
and violet, which can become distinguishable when sunlight passes through a prism. A good way to
remember the order of the colors is to note that the first letters of the colors spell out the name ROY G.
BIV. We can think of light traveling in waves with properties of wavelength and frequency. Wavelength
is the distance between identical locations on adjacent waves (see figure below).

Wavelength
A

Frequency is the number of complete waves, or wavelengths, that pass a given point each second. All
light travels at the same speed, but each color has a different wavelength and frequency. It is their
different wavelengths that cause the different colors of light to separate and become visible when
passing through a prism.
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Look at the illustration of the visible spectrum above. Can you guess which color has the longest
wavelength? It's red! The wavelengths of the other colors decrease in order, with violet light having the
shortest.


http://imagine.gsfc.nasa.gov/docs/dict_qz.html#visible

Unit VIII Electromagnetic Spectrum & Light - What’s the Frequency, Roy G. Biv? Page 2 of 3

Procedure

In this lab, you will construct a simplified model of different light waves in order to determine a
constant relationship between wavelength and frequency.

1.
2.

Gather all materials listed.

Draw a vertical line about 20 cm from the beginning of the adding machine tape and label it
"Start" (see below). With the metric ruler, make a point 100 cm from the starting point. Draw a
vertical line and label it "End". Cut the tape off of the roll leaving about 20 cm space between
"End" and where you cut.

red |
green |

yYiolek l

Start

Hote: This is how to get started, keep
labeling the colors until you reach 100 cm.

Use the colored pencils to draw three evenly spaced horizontal lines along the tape from Start to
End. Make the top line red, the middle line green and the bottom line violet to represent three
different colors in the spectrum of light.

Divide the red line every 14 cm with dark marks in red pencil. The green line should be divided
every 10 cm and the violet every 8 cm. The marks that you make on the three color lines will
represent the different wavelengths of the different colors of light.

(NOTE: The true wavelengths are actually measured in terms of Angstroms. An angstrom is 107
cm or 0.00000001 cm. Red has a wavelength of 7800-6220 Angstroms, green has a wavelength
of 5770-4920 Angstroms and violet has a wavelength of 4550-3900 Angstroms. However, in this
lab, the simple relationship among the visible light waves will be what is important.)

Use masking tape to fasten the marked adding machine tape to a pencil.

Cut a manila folder along its crease. Then cut a rectangle out of the center of one of the long
sides. This rectangle should be about 10 cm high and 5 cm wide as shown below.

S5cm
o

Ill] cm

7. Set the manila folder cut out on the table supporting it with the four books (see below). Feed the

end of the adding machine tape through the narrow space between the manila folder and the two
back books until "Start" appears in the middle of the opening in the manila folder.
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8. One student should now be prepared with the Data Table and sit in front of the tape and manila
folder model.

9. Another student will act as Time Keeper. He should call "start" and begin timing as he or she
slowly pulls the tape along. Try to pull the tape at about the same speed for every trial!

10. The recorder should tally in the appropriate box on the data table every time he or she sees a
wavelength mark. When "End" appears, tell the Time Keeper to stop timing.

11. Before actually recording data, make a few "trial runs.” Once all group members are familiar
with the procedure run the test and record your data three different times.

12. Use the data table to determine and record the average number of wavelengths observed for each
color and the average time (in seconds) from start to finish.

13. Determine and record the frequency for each of your colored light waves. Note: frequency is
defined as the number of wavelengths passing a given point per second.

Data Analysis
1. Compare the wavelengths and frequencies of the three waves. Write about any patterns you
notice in their relationship.

2. Which color has the shortest wavelength?
Which color has the longest wavelength?

3. Which color has the highest frequency?
Which color has the lowest frequency?

4. What is the relationship of the red wavelength to the green?

Red to the violet?

5. What is the relationship of the red frequency to the green?

Red to the violet?

6. From your answers to the questions above, name the relationship between wavelength and
frequency in waves that travel at the same velocity like the waves measured in this lab.
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7. Remember that velocity = distance / time. What was the velocity of the waves in this lab?

*NOTE: the actual velocity of light ¢ = 2.99 x 10® meters per second, but for our purposes in this
lab, it will appear only as fast as the Time Keeper is pulling the adding machine tape.

8. Multiply the wavelength of the red wave by its frequency. Do this for the blue and green waves
also and write the answers below.

9. red
green
violet

10. What do you notice about the results?

Write a new equation for the velocity of waves in terms of wavelength and frequency instead of

distance and time.

Data Table

Trial # ‘ Red Green ‘ Violet Time
1

2

3

Totals

Ave (totals/3)

Frequency

(ave waves / ave time)
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