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Name _____________________
Class ______________
Date _________


Activity SL20: Heat vs. Temperature
(Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Energy
GS22 Heat v Temperature.DS
G22 Heat v. Temperature
G22_TEMP.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Temperature Sensor (CI-6505A)
1
Styrofoam cup with lid
1

Graduated cylinder, 100 mL
1
Water
300 mL

Heating resistor, 10 Ω, 1 W
1



Power supply, DC, 10 W (SE-9720)
1



Protective gear
1



(*such as the heating resistor that is part of the PASCO CI-6514 Thermodynamics Kit)

What Do You Think?

[image: image1.wmf]What is the relationship between heat, thermal energy, and temperature?

Take time to write an answer to the question in the Lab Report section.

Background

Heat is energy in transit between two or more objects. When the energy is inside an object, it is sometimes called internal energy or thermal energy. The thermal energy in an object is the total kinetic energy of all the particles that make up the object. 

[image: image4.wmf]Temperature is a measure of the average kinetic energy of all the particles in the object. The number for the temperature of an object doesn’t tell you much about the actual kinetic energy of a particle inside the object. The number comes from a temperature scale such as the kind found on a common thermometer. 

A thermometer measures temperature by means of the expansion and contraction of a liquid, usually mercury or colored alcohol. The reason that this works is that the liquid in a thermometer expands or contracts in a predictable, repeatable way when it gains or loses thermal energy. For example, the mercury in a thermometer always expands to the same level when the end of the thermometer is in boiling water. It always shrinks to the same level when the end of the thermometer is in ice-cold water. The number on the temperature scale is a way to make comparisons. If we say that a certain liquid has a temperature of 0˚ C, it means that the mercury in a thermometer put into this liquid would shrink to the same level as it did when the thermometer was put into ice-cold water.

[image: image5..pict]The amount of thermal energy in an object is related to temperature, but temperature by itself can’t tell you have much thermal energy is in an object. For example, a bed of glowing coals in a fireplace might have a temperature of 600 ˚C while a single spark from the fire might have a temperature of 2000˚ C. The single “hot” spark gives off very little heat while the bed of relatively “cool” coals gives off a large amount of heat. The difference between the bed of coals and the single spark has to do with both the temperature and the quantity of matter.  

Identical thermometers in two pots of water on a hot stove will show different temperatures even if the pots have been on the stove for the same time if the amount of water in one pot is different than the amount in the other. 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Be sure that the heating resistor is in the water before you turn on the power supply.
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For You To Do

Use the Temperature Sensor to measure the temperature of 100 mL water as a heating resistor heats it for a set amount of time. Then use the sensor to measure the temperature of 200 mL of water as the same resistor heats it for the same amount of time. Both measurements start at the same temperature. 

Use DataStudio orScienceWorkshop to record and display the data. Compare the final temperature of the 100 mL sample of water to the final temperature of the 200 mL sample of water.

[image: image6..pict]PART I: Computer Setup
1.
Connect the 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 document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

GS22 Heat v Temperature.DS
G22 Heat v. Temperature
G22_TEMP.SWS

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

· The ScienceWorkshop document will open with a Graph display of Temperature versus Time, a Digits display of Temperature, and a Table display of Temperature. 

· Data recording is set so there is 1 second per measurement, a Start Condition = Channel A at 0.20 volts, and a Stop Condition = Time at 600 seconds (or 10 minutes). 

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

1. If you have a lid that will fit over the top of the cup, make one hole in the lid for the Temperature Sensor, and a second hole in the lid for the heating resistor.

2. Put 100 mL of water in the foam cup. 

· NOTE: Start with water that is about two degrees below 20 ˚C. The program will begin recording data when the water warms up to 20 ˚C.

3. [image: image7..pict]Connect the banana plugs of the heating resistor into the output jacks of the power supply. 

4. Put the heating resistor through its hole in the lid. Submerge the resistor in the water.

5. Put the Temperature Sensor through its hole in the lid of the cup. 

· CAUTION: Be sure the resistor is submerged in water when the current is flowing through it. Otherwise it can burn up!

PART III: Data Recording
1. Set the DC power supply to output 10 volts at 1 amp. Turn on the power supply. 

2. Click the REC button. Data recording begins when the temperature of the water reaches 20 ˚C.

· Watch the Digits display to keep track of the temperature.

IMPORTANT: While the power supply is ON, gently swirl the water in the cup so the water will be heated evenly. 

3. Data recording stops automatically at ten minutes. When data recording stops, turn off the DC power supply. 

4. Remove the sensor and heating resistor from the cup. Pour out the 100 mL of warmed water. 

5. Put 200 mL of water into the cup. Use water that is about two degrees below 20 ˚C.

6. Put the sensor and heating resistor back into the cup. 

7. Turn on the power supply.

8. Click the REC button to begin the second measurement. Data recording begins when the temperature of the water reaches 20 ˚C.

9. Watch the Digits display to keep track of the temperature.

•
IMPORTANT: While the power supply is ON, gently swirl the water in the cup so the water will be heated evenly. 

10. Data recording stops automatically at ten minutes. When data recording stops, turn off the DC power supply. 

11. Remove the sensor and heating resistor from the cup. Pour out the 200 mL of warmed water. 

Analyzing the Data
1. Set up the Graph to show statistics such as Minimum and Maximum. 

· 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. Set up the Table to show statistics such as Minimum and Maximum 

3. Record the Minimum and Maximum temperatures for the first run of data.

4. Record the Minimum and Maximum temperatures for the second run of data.

5. Record the amount of water used for each run.

6. Find the change in temperature for each run and record it.

Record your results in the Lab Report section.

Lab Report - Activity SL20: Heat vs. Temperature

What Do You Think?

What is the relationship between heat, thermal energy, and temperature?

Data Table


Item
Run #1
Run #2

Amount of Water
mL
mL

Temperature (maximum)
 ˚C
  ˚C

Temperature (minimum)
 ˚C
 ˚C

Change in Temperature (∆T)
 ˚C
 ˚C

Questions

1.
What is the change in temperature for the 100 mL of water in Run #1?

2.
What is the change in temperature for the 200 mL of water in Run #2?

3.
How does the change in temperature for Run #1 compare to the change in temperature for Run #2?

4.
Did the 100 mL of water receive the same, more than, or less thermal energy than the 200 ml of water? Why?

5.
Why is the final temperature for the 200 mL of water different than the final temperature for the 100 mL of water?

Ending the Activity

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