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Activity GS30: Photoelectric Effect
 (Voltage Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Nature of light
GS30 Photoelectric Effect.DS
G30 Photoelectric Effect
G30_PHOT.SWS

Equipment Needed
Qty
Equipment Needed
Qty

Voltage Sensor (CI-6503)
1
Optics & Alignment Kit (AP-9369)
1

Photoelectric Head (AP-9368)
1
Mercury Vapor Light (OS-9286)
1

What Do You Think?

[image: image1.wmf]The purpose of this activity is to measure the voltage produced when different colors of light fall on a photoelectric tube and to find out the relationship between the wavelength of light and the amount of voltage it produces. What do you think is the relationship between the wavelength (color) of light and the amount of voltage it produces?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image5.wmf]White light (such as sunlight) is a mixture of all the colors of light in a rainbow. You can see the colors of light in a rainbow by shining white light through a prism. Each color of light travels in a slightly different path through the prism, so the colors spread away from each other when they come out of the prism. 

Red light travels through the prism with the least amount of change in its direction. Blue light travels through the prism and changes its direction by a greater angle. This change in direction of the different colors of light is called dispersion. It is caused by refraction. 

Refraction happens when light is traveling through something and then meets something new. If the light is at an angle to the boundary between the old region and the new region, the light must change its direction as it goes through the new region.

Each color of light in the rainbow has a different amount of energy. Each color also has a certain wavelength. Blue light has a shorter wavelength than red light. If a color of light that has the right amount of energy strikes a metal surface, the light can knock electrons out of the metal. 

[image: image6.wmf]This is called the photoelectric effect because the bits of energy that make up light are called photons, and photons with the right amount of energy can knock electrons out of the metal surface (“photon-electron” or photoelectric effect).


When electrons get knocked out of the metal by photons of light, the metal can produce a voltage. The amount of voltage depends on the number of electrons that get knocked out of the metal. The number of electrons depends on the energy of the light. The energy of the light depends on the wavelength. The color of the light tells you whether the wavelength is long or short. 

Albert Einstein knew the relationship between the color of light (or its wavelength) and the amount of energy in the light. He used the relationship between color and energy to explain the photoelectric effect (for which he won the Nobel Prize). 

Does a short wavelength color like blue light have more energy, or does a long wavelength color like red light? 

SAFETY REMINDERS
· Follow directions for using the equipment.

· Be careful not to touch the mercury vapor light source after it gets hot.
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For You To Do

Use the Voltage Sensor to measure the voltage produced by the photoelectric effect. 

Use DataStudio or ScienceWorkshop to record and display the voltage produced by each color of light you measure. Use a plot of voltage versus wavelength (color) to find the relationship between the voltage and the wavelength. Determine the relationship between the color of light (the wavelength) and the amount of voltage the light produces.

[image: image7..pict]PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Voltage Sensor DIN plug into Analog Channel A.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

GS30 Photoelectric Effect.DS
G30 Photoelectric Effect
G30_PHOT.SWS

· The DataStudio document has a Workbook display. Read the instructions in the Workbook. 

· The ScienceWorkshop document opens with a Graph display of Voltage vs. Wavelength and a Meter display of Voltage.

· Data recording is set at 10 Hz. You will enter the wavelength of each color of light into DataStudio using ‘Manual Sampling’ or into ScienceWorkshop using ‘Keyboard Sampling’ with Parameter = Wavelength (color) and Units = nm.

· The ‘Default Data’ numbers under ‘Wavelength’ in the DataStudio Table are the wavelengths of the colors of light from a mercury light source. The colors of are as follows: violet, blue, green, and yellow.

· This table shows the wavelength for each color:


Color
Wavelength
Color
Wavelength

violet
404.656
green
546.074

blue
435.835
yellow
576.960

PART II: Sensor Calibration and Equipment Setup
· You do not need to calibrate the Voltage Sensor.

[image: image2.wmf] NOTE: Read the instruction manual that comes with the PASCO Photoelectric Effect Apparatus before you do the equipment setup.

1.
Install the two 9 volt batteries that come with the Photoelectric Apparatus into the battery compartment on the apparatus. 

2.
Put the Photoelectric Apparatus onto the support base assembly. 

3.
Put the light block into the slot on the back of the mercury vapor light source.

4.
Put the coupling bar assembly onto the bottom of the slot on the front of the mercury vapor light source.

5.
Put the light aperture assembly in the middle of the slot on the front of the mercury vapor light source.

[image: image8..pict]•
Be sure that the light aperture assembly is lined up with the opening on the front of the light source.

6.
Put the lens/grating assembly onto the ends of the horizontal rods on the light aperture assembly. 

7.
Put the hole at the end of the support base assembly over the pin on the end of the coupling bar assembly.8.
Put the Voltage Sensor banana plugs into the output jacks on the side of the Photoelectric Apparatus.

9.
Turn on the light source so it has time to warm up before you make measurements. 

Part III: Data Recording
Color
Wavelength (nm)

violet
404.656

blue
435.835

green
546.074

yellow
576.960

1. Adjust the position of the Photoelectric Apparatus so that only the violet color light from the mercury light source goes through the slot on the front of the apparatus and shines on the photodiode tube inside.

2. Turn on the Photoelectric Effect Apparatus. Press the PUSH TO ZERO button on the side of the apparatus. 

3. Start recording data. In DataStudio, the ‘Start’ button changes to a ‘Keep’ button[image: image3.png]


.

•
Note: For ScienceWorkshop instructions, see the page at the end of the activity.
[image: image9..pict]4.
When the voltage stops going up, click ‘Keep’ to record the voltage in the Table next to the wavelength of violet light. 

· The Table in DataStudio will show the value of voltage for violet light in the first row.

5.
Adjust the position of the Photoelectric Apparatus so that only the blue color light goes through the slot on the front of the apparatus and shines on the photodiode tube inside.

6.
Click ‘Keep’ to record the value of voltage for blue light. 

7.
Put the green filter on the front of the Photoelectric Apparatus. Adjust the apparatus so that only the green light goes through the slot and shines on the photodiode tube inside.

8.
Click ‘Keep’ to record the value of voltage for green light.

9.
Replace the green filter with the yellow filter. Adjust the Photoelectric Apparatus so that only the yellow light goes through the slot and shines on the photodiode tube inside.

10.
Click ‘Keep’ to record the value of voltage for yellow light.

11.
Stop data recording

12.
Turn off the Photoelectric Effect Apparatus and the light source. Remove the yellow filter. 

[image: image4.wmf]CAUTION! The light source can be very hot. Let it cool down before you take the apparatus apart.

Analyzing the Data
1. Set up the Graph to show a ‘Linear’ curve fit for the voltage and wavelength data.

· Hint: In DataStudio, select ‘Linear’ from the ‘Fit’ menu. In ScienceWorkshop, click the ‘Statistics’ button to open the Statistics area on the right side of the graph. Click the ‘Autoscale’ button to rescale the graph to fit the data. In the Statistics area, click the ‘Statistics Menu’ button. Select ‘Curve Fit, Linear Fit’ from the menu.

Answer the questions in the Lab Report section.

Ending the Activity

•
Check with your instructor about putting away the equipment for this activity. Remember; wait until the light source cools down before taking the apparatus apart.

Data Recording (ScienceWorkshop)
1. When you are ready, start recording data. In ScienceWorkshop, the Keyboard Sampling window will open. Adjust its position on your screen so you can also see the Digits display of temperature.

[image: image10..pict]•
The Keyboard Sampling window will open. Move it so you can see the Digits display of Voltage at the same time.

•
It may take a few moments for the voltage to reach its maximum value. 

2.
When the voltage stops going up, type in the wavelength for violet light. Click Enter to record your typed in value. 

•
The Keyboard Sampling window will show your first value in the Data list.

3.
Adjust the position of the Photoelectric Apparatus so that only the blue color light goes through the slot on the front of the apparatus and shines on the photodiode tube inside.

[image: image11..pict]4.
Type in the wavelength for blue light in the Keyboard Sampling window. Click Enter to record your value. 

5.
Put the green filter on the front of the Photoelectric Apparatus. Adjust the apparatus so that only the green light goes through the slot and shines on the photodiode tube inside.

6.
Type in the wavelength for green light and click Enter in the Keyboard Sampling window.

7.
Replace the green filter with the yellow filter. Adjust the Photoelectric Apparatus so that only the yellow light goes through the slot and shines on the photodiode tube inside.

[image: image12..pict]8.
Type in the wavelength for yellow light and click Enter in the Keyboard Sampling window.

•
Your Keyboard Sampling window will show four wavelengths in the data list.

9.
Click Stop Sampling.

•
The Keyboard Sampling window will disappear. Run #1 will appear in the Data list in the Experiment Setup window.

10.
Turn off the Photoelectric Effect Apparatus. Remove the yellow filter. 

Lab Report - Activity GS30: Photoelectric Effect

What Do You Think?

The purpose of this activity is to measure the voltage produced when different colors of light fall on a photoelectric tube and to find out the relationship between the wavelength of light and the amount of voltage it produces. What do you think is the relationship between the wavelength (color) of light and the amount of voltage it produces?

Questions

1.
Based on your Graph, is the relationship between voltage and wavelength direct, inverse, inverse square, or something else?

2.
Which color produces the highest voltage? 

3.
Which color produces the lowest voltage?

4.
Based on your data, what is the relationship between wavelength (color) and energy of the photons?
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