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Name _____________________
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Date _________


Activity GS03: Mixing Hot and Cold Water – Thermodynamics 
(Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Thermodynamics
GS03 Mix Hot and Cold.DS
G03 Hot and Cold
G03_HOT.SWS

Equipment Needed
Qty
Consumables
Qty

Temperature Sensor (CI-6505A)
1
Water, hot
150 mL

Beaker, 250 mL 
2
Water, ice
200 mL

Graduated cylinder, 100 mL
1



Protective gear
PS



What Do You Think?

[image: image1.wmf]When masses of substances at different temperatures are mixed together, the hotter substance heats the cooler substance and the resulting final temperature is somewhere between the initial temperatures of the two substances. Can you predict the final temperature of a mixture of two substances?

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

[image: image4.wmf]Background

Temperature is a measure of the average kinetic energy (energy of motion) of the particles in a substance. The thermal energy in the substance is the total of all the kinetic energy of all the particles in the substance. The thermal energy in a substance depends on the mass of the substance, the specific heat capacity of the substance, and the temperature of the substance. 

Heat is the name given to thermal energy when it moves from a substance with a high temperature to a substance with a lower temperature. Heat is energy in transit. 

When substances of different temperatures are mixed, the hotter one heats the cooler one until the temperature of the mixture reaches a balance called thermal equilibrium.

The thermal energy in an object depends on the amount of mass, the specific heat of the object, and its temperature. In equation form:

∆Q (change in thermal energy) = m c ∆T
where m is the mass in grams, c is the specific heat and ∆T is the change in temperature. 

The value for the specific heat, c, of water is 1.0 cal/g ˚C or 4.19 J/g ˚C. This value is constant between the temperatures of 0˚ C and 100 ˚C.

When a hot substance heats a cooler one, the energy ‘lost” by the hot substance equals the energy ‘gained’ by the cooler one, or (in equation form):

Qlost = Qgained
For You To Do

For this activity, use mathematical logic and algebra to predict the final temperature of a mixture of hot and cold water. Then use the Temperature Sensor to measure the temperature of a hot liquid and the temperature of a cold liquid before they are mixed. Use the Temperature Sensor to measures the temperature of the mixture. Use insulated containers so that the containers will not gain or lose thermal energy during the activity. 

This activity has two parts. In PART A, the amount of hot liquid is the same as the amount of cold liquid. In PART B, you will use different amounts of each liquid. You will make predictions for the final equilibrium temperature for the mixture based on the temperature of the hot and cold liquids before they are mixed.

Use DataStudio or Science Workshop to record, display, and analyze the data on a Graph.

Prediction: PART A

Will the temperature of a mixture of hot and cold water be the same as the temperature of the hot water by itself or the cold water by itself?

· Predict what the final temperature will be for the mixture of the hot and cold water compared to the temperature of either the hot water by itself or the cold water by itself. Imagine that the hot water is at 70 ˚C and the cold water is at 10 ˚C. For PART A assume that equal amounts of water are mixed together. 


Starting temp. of hot water
Starting temp. of cold water
Predicted temp. of mixture

70 ˚C*
10 ˚C*


(*These temperatures are just examples.)

SAFETY REMINDERS
· Wear protective gear while handling hot water containers.

· Follow directions for using the equipment.
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PART I: Computer Setup
[image: image5..pict]1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and then turn on the computer. 

2.
Connect the Temperature Sensor DIN plug into Analog Channel A on the interface. 

3.
Open the file as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

GS03 Mix Hot and Cold.DS
G03 Hot and Cold
G03_HOT.SWS

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

· The ScienceWorkshop document has a Graph display of temperature versus time. 

· [image: image6..pict]Data recording is set for ten measurements per second (or 10 Hz).

See the DataStudio Online Help file or the ScienceWorkshop User’s Guide for more information about the Graph display.
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PART IIA: Equipment Setup – Equal Amounts of Hot and Cold Water
[image: image8..pict]1.
Put 100 mL (milliliters) of cold water into the first container so that it is slightly less than half full. 

2.
Put 100 mL of hot water into the second container so that is also slightly less than half full. 

PART IIIA: Data Recording – Equal Amounts of Hot and Cold Water
[image: image9..pict]1.
Place the Temperature Sensor into the cold water. Start recording data. Watch the values of temperature in the Graph display. 

2.
After about 40 seconds, move the Temperature Sensor to the hot water.

3.
After a total of 80 seconds, remove the Temperature Sensor from the hot water. Pour the hot water into the cold water.

4.
Quickly place the Temperature Sensor into the combined liquids. Stir to thoroughly mix the two liquids.

5.
Stop data recording after 120 seconds.

Analyzing the Data: PART A – Equal Amounts of Hot and Cold Water
1. Rescale the Graph to fit your data.

2. Find and record the LOWEST temperature in the Graph (the Y-coordinate of the lowest point in the Graph). 

· Hint: Use the Smart Tool in DataStudio or the Smart Cursor in ScienceWorkshop.

3. Find and record the HIGHEST temperature in the Graph (the Y-coordinate of the highest point in the Graph).

4. [image: image10..pict][image: image11..pict]Find and record the final temperature of the combined liquids (the Y-coordinate at the end of the plot). 

Record your results in the Lab Report section.

Procedure: PART B – Unequal Amounts of Hot and Cold Water
For this part of the activity, measure the temperature of hot water and cold water before and after they are mixed, but use unequal amounts of hot and cold water.

Prediction: PART B – Unequal Amounts of Hot and Cold Water
Will the final temperature of unequal amounts of hot and cold water be the same as the final temperature of equal amounts of hot water and cold water?

1. Predict what the final temperature will be for the mixture of the hot and cold water compared to the temperature of either the hot water by itself or the cold water by itself. (Imagine that you have 50 mL of hot water at 70 ˚C and 100 mL of cold water at 10 ˚C.) 


Temp. of hot water (50 mL)
Temp. of cold water (100 mL)
Predicted temp. of mixture

70 ˚C*
10 ˚C*


(*These temperatures are just examples.)

PART IIB: Equipment Setup – Unequal Amounts of Hot and Cold Water
[image: image12..pict]1.
Put 100 mL (milliliters) of cold water into the first container so that it is slightly less than half full. 

2.
Put 50 mL of hot water into the second container. 

PART IIIB: Data Recording – Unequal Amounts of Hot and Cold Water
1.
Place the Temperature Sensor into the cold water. Start recording data. Watch the values of temperature in the Graph display. 

[image: image13..pict]2.
After about 40 seconds, move the Temperature Sensor to the hot water.

3.
After a total of 80 seconds, remove the Temperature Sensor from the hot water. Pour the hot water into the cold water.

4.
Quickly place the Temperature Sensor into the combined liquids. Stir to thoroughly mix the two liquids.

5.
Stop end data recording after 120 seconds.

Analyzing the Data: PART B – Unequal Amounts of Hot and Cold Water
1. Rescale the Graph to fit your data.

2. Find and record the LOWEST temperature in the Graph (the Y-coordinate of the lowest point in the Graph). 

3. Hint: Use the Smart Tool in DataStudio or the Smart Cursor in ScienceWorkshop.

4. Find and record the HIGHEST temperature in the Graph (the Y-coordinate of the highest point in the Graph).

5. [image: image14..pict][image: image15..pict]Find and record the final temperature of the combined liquids (the Y-coordinate at the end of the plot). 

Record your results in the Lab Report section.

Ending the Activity

•
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 and 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 GS03: Mixing Hot and Cold Water

What Do You Think?

When masses of substances at different temperatures are mixed together, the hotter substance heats the cooler substance and the resulting final temperature is somewhere between the initial temperatures of the two substances. Can you predict the final temperature of a mixture of two substances?

Prediction: PART A – Equal Amounts of Hot and Cold Water

Will the temperature of a mixture of hot and cold water be the same as the temperature of the hot water by itself or the cold water by itself?

· Predict what the final temperature will be for the mixture of the hot and cold water compared to the temperature of either the hot water by itself or the cold water by itself. 

Starting temp. of hot water
Starting temp. of cold water
Predicted temp. of mixture





Data Table: PART A – Equal Amounts of Hot and Cold Water


LOWEST Temperature
HIGHEST Temperature
Final Temperature





Prediction: PART B – Unequal Amounts of Hot and Cold Water

Will the final temperature of unequal amounts of hot and cold water be the same as the final temperature of equal amounts of hot water and cold water?

· Predict what the final temperature will be for the mixture of the hot and cold water compared to the temperature of either the hot water by itself or the cold water by itself. 


Temp. of hot water (50 mL)
Temp. of cold water (100 mL)
Predicted temp. of mixture





Data Table: PART B – Unequal Amounts of Hot and Cold Water


LOWEST Temperature
HIGHEST Temperature
Final Temperature





Questions

1. In PART A, how does the final temperature of the mixture compare to the lowest temperature of the 100 mL of cold water and the highest temperature of the 100 mL of hot water?

2. In PART B, how does the final temperature of the mixture compare to the lowest temperature of the 100 mL of cold water and the highest temperature of the 50 mL of hot water?

3. How does the final temperature in PART A compare to your prediction?

4. How does the final temperature in PART B compare to your prediction?

5. If the initial temperatures of the hot and cold water were increased by the same amount, how would this effect the final temperature of the new mixture? 

Conclusion

· Write a sentence that describes how to predict a final temperature for a mixture of hot and cold liquids based on the amount of each liquid and the starting temperature of each liquid.

Optional

Predict the final temperature of these mixtures:

100 mL of 10 ˚C water and 100 mL of 40 ˚C water.

200 mL of 10 ˚C water and 100 mL of 40 ˚C water.

100 mL of 10 ˚C water and 200 mL of 40 ˚C water.

300 mL of 10 ˚C water and 100 mL of 40 ˚C water.

100 mL of 10 ˚C water and 300 mL of 40 ˚C water.

100 mL of 0 ˚C water and 100 mL of 100 ˚C water.

100 mL of 20 ˚C water and 200 mL of 50 ˚C water. 
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