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Name _____________________
Class ______________
Date _________


Activity GS16: Insolation – Solar Radiation
(Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Energy
GS16 Insolation.DS
G16 Insolation
G16_SUN.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Temperature Sensor (CI-6505A)
1
Cardboard, 15 by 15 cm
1

Clock
1
Ice, cube
2 – 3

Cup
1
Paper towel
1

Lamp (optional), 100 or 150 W 
1
Straw
1

Protractor (for measuring angles)
1
Tape
1 roll



Water
100 mL

This activity can be done outdoors on a sunny day. The best time is at noon.

What Do You Think?

[image: image1.wmf]Skin doctors warn us that over exposure to the radiation from the sun is harmful to our skin and can possibly lead to skin cancer. What time of the day are the sun’s rays most absorbed by our skin? What do you think? Is there a relation to the amount of radiation absorbed and the angle at which the sun’s rays strike the skin? 

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

Background

The Sun accounts for 99.9% of the energy that Earth gets at its surface. (Heat moving upward from Earth’s core makes up the small remainder). Insolation is solar radiation, or energy received from the Sun. Insolation is made up of ultraviolet and visible light and infrared solar radiation. 

[image: image2.wmf]The amount of energy that the entire Earth receives from the Sun remains fairly constant from year to year, but the amount of energy that a particular spot on Earth receives may change a great deal from day to day. One thing that makes a difference is the angle of the sunlight that hits the Earth’s surface. 

If the angle at which the sunlight hits the Earth’s surface is almost vertical (90˚), the amount of energy that is soaked up by a square meter of area at that part of the Earth’s surface is a maximum. If the sunlight hits the Earth’s surface at a smaller angle than ninety degrees, the amount of energy that is soaked up by a square meter of area is less. 

At higher latitudes on the Earth’s surface, the angle can be very small, so the amount of energy that is soaked up can also be very small. 

[image: image3.wmf]If three surfaces of equal area start with the same temperature and are exposed to sunlight for the same amount of time, but the three surfaces are at different angles to the sunlight, the change in temperature for each surface should also be different.

(The amount of solar radiation, or insolation, received by the Earth is enormous. The amount of energy received each second over each square meter of area that is at right angles (90˚) to the Sun’s rays at the top of the atmosphere is 1400 joules. In power units, this is 1400 watts per square meter, or 1.4 kilowatts per square meter.)

SAFETY REMINDERS
· Protect your eyes and skin from direct sunlight.

· Follow directions for using the equipment.

· If you do this activity using a lamp, be careful not to tough it when it gets hot.
[image: image19..pict]


For You To Do

In this activity, measure the amount of energy from the sun’s rays as it strikes a piece of paper at different angles. Use a temperature sensor to measure the temperature of the paper and compare data of angle of incidence and temperature. Use DataStudio or ScienceWorkshop to record and display your data.

[image: image4..pict]NOTE: One option for this activity is to use the ScienceWorkshop 500 Interface out-of-doors. The ScienceWorkshop 500 Interface can be programmed to record data, and then disconnected from the computer. You can carry it outdoors, record the data, and then re-connect it to the computer to analyze the data.

This procedure will describe how to use the Science Workshop 500 Interface and the Temperature Sensor to measure the insolation (solar radiation) outdoors. The last section of this activity will describe how to record data using a lamp as a simulation of the Sun.

In this activity the Temperature Sensor measures the temperature at the surface of a piece of cardboard that is exposed to solar radiation (sunlight) at three different angles. 


You will use the protractor and straw to measure the angle that the sunlight makes with the piece of cardboard.

The Science Workshop 500 Interface records the temperature data. The program downloads the data from the interface and then displays the data for analysis. 

[image: image5..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 DIN plug of the Temperature Sensor into Analog Channel A on the interface.


3.
Open the file titled as shown;


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

GS16 Insolation.DS
G16 Insolation
G16_SUN.SWS

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

· The ScienceWorkshop document has a Graph display of Temperature versus Time.

· Data recording is set at 1 sec (or one measurement per second).

PART II: Sensor Calibration and Equipment Setup
· [image: image6..pict]You do not need to calibrate the Temperature Sensor. 

1.
Use a piece of cardboard that is approximately square and about 15 x 15 cm (or 6 x 6 inches). Tape the protractor at the center of one edge of the piece of cardboard so the protractor is at right angles to the piece of cardboard.

2.
Put some ice and water into the cup.

· You will use the ice water to cool the tip of the Temperature Sensor before each trial of data recording.

PART III: Data Recording
NOTE: Data recording for this activity has several steps:

· The first step in data recording is to get the interface ready to make measurements and disconnect it from the computer. 

· The second step in data recording is to line up the Temperature Sensor and cardboard with the sunlight.

· The third step in data recording is to make measurements of the change in temperature for three different angles of sunlight. You will do this by lining up the cardboard at 90˚, 60˚, and 30˚ to the sunlight.

· The final step in data recording is to reconnect the interface to the computer.

Prepare the Interface

· Make sure that there are four AA alkaline batteries in the interface battery compartment.

· Make sure that the POWER switch on the back panel of the interface is ON.

[image: image7..pict]1.
Click the Experiment menu in the menu bar. Select Disconnect for Logging… from the Experiment menu.

•
The Data Logging Setup window will open. If your computer is connected to a printer, click Print Checklist. 

2.
Click Begin Logging. 

· [image: image8..pict]The interface goes into “sleep” mode. The green light-emitting diode (LED) on the front panel of the interface will go out, and then will blink once every five seconds.

3.
Disconnect the interface from the computer. Unplug the power cord and the interface cable from the back of the interface box.

4.
Take the interface with Temperature Sensor, a straw, the cup of ice water, tape, paper towels, the clock, and the protractor/cardboard setup outside. Find an open area next to a sunny, south-facing wall. 

√ Line Up the Temperature Sensor

[image: image9..pict]1.
Place the protractor/cardboard setup at the base of the wall so that the cardboard is at about right angles to the sunlight.

2.
Hold the straw against the side of the protractor. Put the end of the straw next to the center line of the protractor. 

· Keep a small gap between the end of the straw and the cardboard. Line up the straw with the 90 degree mark along the curved edge of the protractor. Use a piece of tape to help hold the straw in place.

3.
Adjust the protractor/cardboard setup up or down along the wall until the straw makes no shadow and is directly in line with the sunlight. 

· [image: image10..pict]When the straw is directly in line with the sunlight, a spot of sunlight shows up on the cardboard below the end of the straw.

4.
Put pieces of tape at the top and bottom edges of the cardboard to temporarily hold it in place against the wall.

5.
Put the end of the Temperature Sensor into the cup of ice water for about ten seconds to cool it down. Remove the Temperature Sensor and dry it off.

[image: image11..pict]6.
CAREFULLY tape the Temperature Sensor onto the cardboard so the tip of the sensor is about in the center of the piece of cardboard. (See the diagram.)

7.
Get the clock ready to keep track of the time. You will record data for ten minutes for each angle. 

√ Record the Data

[image: image12..pict]1.
When you are ready to record data, press the Data Logging button on the front panel of the interface to “wake up” the interface.

•
The green LED on the interface will blink once per second for ten seconds as the interface wakes up.

Get ready to record the time on the clock when the LED begins to blink rapidly. 

•
The green LED will blink rapidly (several times per second) when the interface starts to record data. 

2.
Record the starting time for data recording. Let the interface record data for ten minutes.

3.
At the end of ten minutes, press and hold the Data Logging button until the LED goes out to stop recording data. 

•
The green LED will blink once every five seconds. The interface is in “sleep” mode.

4.
Remove the Temperature Sensor from the protractor/cardboard setup. 

[image: image13..pict]5.
Remove the tape from the straw. Move the straw so the end of the straw is next to the center line of the protractor, but the straw is lined up with 60˚ on the curved edge of the protractor. Re-attach the tape to the straw to hold the straw in place.

6.
Remove the tape from the top and bottom edges of the cardboard. Adjust the cardboard until the straw makes no shadow and a spot of sunlight shines through the straw onto the cardboard. Re-attach the tape to hold the cardboard in place.

7.
Put the Temperature Sensor into the ice water for about ten seconds to cool it down. Remove the sensor and dry it off.

8.
CAREFULLY tape the Temperature Sensor back into position on the cardboard.

9.
Get ready to record data for ten minutes.

10.
Press the Data Logging button to “wake up” the interface. 

•
The green LED will blink once per second for ten seconds as the interface “wakes up”. 

11.
Data recording begins when the LED starts blinking rapidly. Let the interface record for ten minutes.

12.
At the end of ten minutes, press and hold the Data Logging button until the LED goes out to stop data recording. 

•
The green LED will blink once every five seconds. The interface is in “sleep” mode.

13.
Remove the Temperature Sensor from the protractor/cardboard setup. 

[image: image14..pict]14.
Remove the tape from the straw. Move the straw so the end of the straw is next to the center line of the protractor, but the straw is lined up with 30˚ on the curved edge of the protractor. Re-attach the tape to the straw to hold the straw in place.

15.
Remove the tape from the top and bottom edges of the cardboard. Adjust the cardboard until the straw makes no shadow and a spot of sunlight shines through the straw onto the cardboard. Re-attach the tape to the wall to hold the cardboard in place.

16.
Put the Temperature Sensor into the ice water for about ten seconds to cool it down. Remove the sensor and dry it off.

17.
CAREFULLY tape the Temperature Sensor back into position on the cardboard.

18.
Get ready to record data for ten minutes.

19.
Press the Data Logging button to “wake up” the interface. 

•
The green LED will blink once per second for ten seconds as the interface “wakes up”. 

20.
Data recording begins when the LED starts blinking rapidly. Let the interface record for ten minutes.

21.
At the end of ten minutes, press and hold the Data Logging button until the LED goes out to stop data recording. 

•
The green LED will blink once every five seconds. The interface is in “sleep” mode.

22.
Take the interface and the rest of your equipment indoors. 

√ Re-connect the Interface

1.
Plug the interface cable and the power cord into the back panel on the interface.

NOTE: The LED will continue to blink once every five seconds.

2. Download the data from the interface box to your computer.

· In the program, select Connect To Interface from the Experiment menu. 

· The green LED will stay ON.

Analyzing the Data
1. Set up you Graph display to show Statistics for the Minimum and Maximum values of temperature.

· Hint: In DataStudio, click the Statistics Menu button. In ScienceWorkshop, click the Statistics button to open the Statistics area on the right side of the Graph. Then click the Statistics Menu button.

2. Record the Minimum y as the Initial Temperature for Run #1. Record the Maximum y as the Final Temperature for Run #1.

3. Repeat the procedure to find the initial and final temperatures for Run #2.

4. Repeat the procedure to find the initial and final temperatures for Run #3.

5. Calculate the Change in Temperature for each run by subtracting the initial temperature from the final temperature.

Record your results in the Lab Report section.

--------------------------

Ending the Activity

Equipment Clean Up

•
Check with your instructor about putting away the equipment for this activity. 

Computer Shutdown

When you have finished, you have several options. 

1.
You can select ‘Quit’ from the ‘File’ menu to end the activity. 

2.
You can select ‘Save’ or ‘Save As…’ from the File menu to save your data for this activity. the changes you’ve made to the document. 

•
The original document is “locked”, so you should give your document a new filename.

3.
If you wish to go on to the next activity, select ‘Open…’ from the ‘File’ menu, and find the document for the next activity. 

Lab Report - Activity GS16: Insolation – Solar Radiation

What Do You Think?

Skin doctors warn us that over exposure to the radiation from the sun is harmful to our skin and can possibly lead to skin cancer. What time of the day are the sun’s rays most absorbed by our skin? What is the relationship between the amount of radiation absorbed and the angle at which the sun’s rays strike the skin? 

Data Table

The data for this activity are dependent on the location, time of year, weather conditions, etc. The following are typical changes in temperature for each angle:


Angle
Initial Temp.
Final Temp.
Change in Temp.

90˚




60˚




30˚




Questions

1.
Which angle exposed the cardboard to the MOST solar radiation?

2.
Which angle exposed the cardboard to the LEAST solar radiation?

3.
Which angle best represents the Earth in the summer?

4.
Which angle best represents the Earth in the winter?

Ending the Activity

· Check with your instructor about putting away the equipment for this activity. 

Alternate Method

· If you cannot go outdoors to record data, use a 100-watt or 150 watt lamp as a substitute for the Sun. 

1.
Place the protractor/cardboard setup 25 cm (or about 10 inches) from the lamp. 

2.
Do not select Disconnect for Logging… from the Experiment menu.

3.
Record and analyze data as described before.
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