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Name _____________________
Class ______________
Date _________


Activity P33: Light Intensity versus Position 
(Light Sensor, Rotary Motion Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Inverse Square Law
P33 Light vs Position.DS
(See end of activity)
(See end of activity)

Equipment Needed
Qty
Equipment Needed
Qty

Light Sensor (CI-6504A)
1
Basic Optics System (OS-8515)
1

Rotary Motion Sensor (CI-6538)
1
Mass and Hanger Set (ME-9348)
1

Aperture Bracket (OS-8534)
1
String (SE-8050)
1 m

Base and Support Rod (ME-9355)
1



What Do You Think?

Does the total light energy that passes through an imaginary spherical boundary change as distance from the point light source increases?

Does the light intensity on the surface of an imaginary spherical boundary change as the distance from the point light source increases?

[image: image1.wmf]How does the change in light intensity with distance for a ‘real’ light source compare to the change in light intensity with distance for an ideal ‘point’ light source?

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

The purpose of this activity is to investigate the relationship between light intensity and the distance from a light source.

[image: image4..pict]Background

The light from a point light source spreads out uniformly in all directions. The intensity at a given distance r from the light will be equal to the power output of the light divided by the surface area of the sphere through which the light has spread. Since the area of the sphere varies as the square of its radius, r, the intensity will vary as 1/r2.

SAFETY REMINDERS
· Follow directions for using the equipment.
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For You To Do

Use the Light Sensor to measure the light intensity as the sensor moves away from a stationary light source powered by DC. Use the Rotary Motion Sensor to measure the distance between the light source and the Light Sensor. 

Use DataStudio or ScienceWorkshop to record and display the light intensity and the distance. Use a graph of light intensity versus position to determine the relationship between them.

PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2.
Connect the Light Sensor into Analog Channel A on the interface.

3.
Connect the Rotary Motion Sensor stereo phone plugs to Digital Channels 1 and 2.

4.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P33 Light vs Position.DS
(See end of activity)
(See end of activity)

· The DataStudio document has a Workbook display. Read the instructions in the Workbook. The document also has a Graph display of light intensity versus position.

· Data recording is set at 20 Hz. The Rotary Motion Sensor is set for 1440 divisions per rotation.

[image: image6..pict]5.
In the Experiment Setup window, double-click the sensor icon to open the Sensor Properties window. Click the ‘Rotary Motion Sensor’ tab. Click the ‘Linear Calibration’ menu and select ‘Large Pulley (Groove)’. Click ‘OK’ to return to the setup window.

•
See the pages at the end of this activity for information about modifying a ScienceWorkshop file. 
PART II: Equipment Setup and Sensor Calibration
Equipment Setup

1.
Mount the Light Sensor on the Aperture Bracket and attach the Aperture Bracket to the Aperture Bracket Holder. Put the Aperture Bracket Holder onto the Optics Bench about 25 cm from one end.

2.
Rotate the Aperture Disk so the open circular aperture is in line with the opening to the Light Sensor

3.
Mount the Light Source on the Optics Bench so the ‘point source’ side of the source faces the Light Sensor. 

4.
Remove the ‘O’ ring from the pulley on the Rotary Motion Sensor. Mount the sensor on a support rod near the end of the Optics Bench. 

5.
Connect one end of a string to the Aperture Bracket Holder. Put the string over the pulley on the Rotary Motion Sensor. Attach a mass hanger at the other end of the string 

[image: image7..pict]

Sensor Calibration

· Calibrate the Light Sensor so that it produces its maximum voltage when the sensor is as close as possible to the Light Source. 

[image: image8.png]


1.
Turn on the Light Source.

2.
Set the GAIN select switch on the top of the sensor to 1. Move the Light Source so its port is as close as possible to the Light Sensor.

3.
In the Experiment Setup window, double-click the Light Sensor icon. (The Sensor Properties window opens in DataStudio. The Light Sensor setup window opens in ScienceWorkshop. In DataStudio click the ‘Calibration’ tab.)

4.
Check the voltage from the Light Sensor. 

· [image: image9..pict][image: image10..pict]Hint: In the DataStudio ‘Calibration’ window, the Current Reading of the voltage from the Light Sensor appears in the upper left corner. In the ScienceWorkshop Sensor Setup window, the current value of the voltage from the Light Sensor appears at the bottom of the column labeled Volts. 

· If the value of voltage from the sensor is slight higher than 4.9 V, slowly move the Light Source away from the sensor until the value is 4.9 V (or slightly lower). 

[image: image11..pict]Measure the distance from the Light Sensor relative to the Light Source.

· If the value of voltage from the Light Sensor is less than 4.9 V but more than 0.49 V go to step #5. If the voltage value is below 0.49 V set the GAIN switch to 10. If the value is still below 0.49 V, set the GAIN switch to 100. 

5.
Keep this value of voltage as the maximum value (corresponding to 100% intensity). In DataStudio click ‘Take Reading’ below the ‘High Point’ column. In ScienceWorkshop, click the top Read button. Click ‘OK’ to return to the Experiment Setup window.

PART III: Data Recording
1. Move the Light Sensor to the position where you calibrated it for maximum intensity. 

2. When you are ready, start recording data. (Note: Click ‘Start’ in DataStudio or ‘REC’ in ScienceWorkshop.) 

3. Slowly slide the Light Sensor away from the Light Source. 

· Hint: Hold the base of the Aperture Bracket Holder, squeeze the locking clip, and pull the holder away from the Light Source.

4. Continue to move the Light Sensor away from the Light Source until you reach the 25 cm distance (or the light intensity reaches ‘zero’).

5. Stop recording data.

6. Turn off the Light Source.

Analyzing the Data
Create a Calculation for Position

Since the Light Sensor was not precisely next to the bulb inside the Light Source, the initial position of the Light Sensor was not ‘zero’ meters at the beginning of data recording. Create a calculation for the actual position of the Light Sensor relative to the bulb inside the Light Source. Use the distance you measured when you calibrated the Light Sensor. 

[image: image12..pict]DataStudio

1.
In DataStudio, click ‘Calculate’ in the toolbar. Result: The Calculator window opens.

[image: image13..pict]2.
Click the menu button under ‘Variables’ and select ‘Data Measurement’ from the menu. Result: The ‘Please Choose… a data measurement’ window opens. 

[image: image14..pict]3.
Select ‘Position’ from the list and click ‘OK’. Result: ‘Position’ appears under ‘Variables’ in the Calculator window. 

[image: image15..pict]4.
Modify the ‘Definition’ by adding the amount of distance that separated the Light Source and the Light Sensor at the beginning of data recording. (Note: In this example, the distance is 0.1 m.)

[image: image16..pict]5.
Change from ‘y’ to ‘Position’ and then click ‘Accept’ to save the calculation. Result: The ‘Position’ calculation appears in the Data list.

ScienceWorkshop

1.
In ScienceWorkshop, click the ‘Calculator’ button ([image: image2.png]


) in the Experiment Setup window. Result: The Experiment Calculator window opens.

[image: image17..pict]2.
Select ‘Digital 1, Linear Position’ from the Input menu. 

3.
Add the amount of distance that separated the Light Source and the Light Sensor at the beginning of data recording. (Note: In this example, the distance is 0.1 m.)

4.
Finish by typing ‘Position’ for the Calculation Name and for the Short Name. Type ‘m’ for Units. Click the ‘equals’ button to save the calculation.

[image: image18..pict]Change the Graph Display

[image: image19..pict]•
In DataStudio, click and drag the ‘Position’ calculation to the X-axis of the Graph display.

•
In ScienceWorkshop, click the ‘X-Axis Input’ menu and select ‘Calculations, Position, Position (m). 

Fit a Curve to the Data

Use the Graph’s built-in analysis tools to fit a mathematical formula to the data.

[image: image20..pict]•
In DataStudio, click the ‘Fit’ menu button ([image: image3.png]


). Select ‘Inverse Nth Power’. Use the cursor to click-and-draw a rectangle around the region of smoothest data in the Graph. The DataStudio program will attempt to fit the data to a mathematical formula.

· [image: image21..pict]Note: To see the mathematical formula and its parameters, double-click the curve fit text box in the Graph.

· [image: image22..pict]In ScienceWorkshop click the ‘Statistics’ button to open the Statistics area on the right side of the Graph. Click the ‘Autoscale’ button to automatically rescale the Graph to fit the data.

· Use the cursor to click-and-draw a rectangle around the region of smoothest data in the Graph. 

· In the Statistics area, select ‘Curve Fit, Power Fit’ from the Statistics Menu.

· The ScienceWorkshop program will attempt to fit the data to a mathematical formula based on the variable (distance) raised to a power. 

•
NOTE: You may see a message that says there is no valid solution. In other words, the program needs your help to create the mathematical formula that best fits your data. In the Statistics area, click the a4 coefficient to make it active. Type in -2 as the parameter value. Press <enter> or <return> on the keyboard to record your value. 

· Examine the value of chi^2, the measure of closeness of fit. The closer the value is to “0.000”, the better the data fit the mathematical formula shown in the Statistics area. 

Answer the questions in the Lab Report section.

Lab Report - Activity P33: Light Intensity versus Position

What Do You Think?

Does the total light energy that passes through an imaginary spherical boundary change as distance from the point light source increases?

Does the light intensity on the surface of an imaginary spherical boundary change as the distance from the point light source increases?

How does the change in light intensity with distance for a ‘real’ light source compare to the change in light intensity with distance for an ideal ‘point’ light source?

Questions

1.
What is the relationship of light intensity to distance?

2.
The light bulb is not really a point source. How does this affect the experiment (and what can be done to minimize this error)?

Appendix: Modify a ScienceWorkshop File

Modify an existingScienceWorkshop file to add the Rotary Motion Sensor.

Open the ScienceWorkshop File

Open the file titled as shown:


ScienceWorkshop (Mac)
ScienceWorkshop (Win)

P55 Light vs. Position
P55_LTVM.SWS

· The ScienceWorkshop file has a Graph display of Light Intensity versus Position (using data from a Motion Sensor).

· You need to replace the Motion Sensor with the Rotary Motion Sensor in the Experiment Setup window and set up the Rotary Motion Sensor parameters. Then you need to change the Graph display.

Set Up the Rotary Motion Sensor

[image: image23..pict]In the Experiment Setup window, click and drag the digital sensor plug to Channel 1. Select ‘Rotary Motion Sensor’ from the list of sensors. Click ‘OK’. Result: The Rotary Motion Sensor setup window opens.

Click ‘1440’ under ‘Divisions/Rotation’. Under Linear Calibration, select ‘Large Pulley (Groove). Click ‘OK’ to return to the Experiment Setup window.

Set the Sampling Options

Click the ‘Sampling Options’ button in the Experiment Setup window or select ‘Sampling Options’ from the Experiment menu to open the Sampling Options window. Result: The Sampling Options window opens.

Under ‘Periodic Samples’ click the right arrow to set the sample rate at ‘20 Hz’ (20 measurements per second). Click ‘OK’ to return to the Experiment Setup window.

Change the Graph Display

[image: image24..pict]Click the ‘X-Axis Input’ menu and select ‘Digital 1, Position, linPos (cm)’.
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Double-click to open Curve Fit window
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