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Activity SL24: Calculating Final Temperature of a Mixture – Algebraic Manipulations
(Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Algebraic manipulations
MA03.DS
MA03
MA03.SWS

Equipment Needed
Qty
Consumables
Qty

Temperature Sensor (CI-6505A)
1
Water, cold
1000 mL

Graduated cylinder, 100 mL
1
Water, hot
1000 mL

Styrofoam cup
2



Lid for cup
2



Protective gear
PS



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. How can you use mathematical logic and algebra to predict the final temperature of a mixture of two substances?

[image: image1.wmf]Take time to write an answer to this question in the Lab Report section.

[image: image6.wmf]Background

When two 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):


[image: image12..pict]
m = mass of water (assume that 1 mL of water is 1 gram)

c = specific heat for water = 1.0 cal/g °C

Ti = initial temperature

x = final temperature (unknown for this activity)

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Wear gloves when handling the hot water.
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For You To Do

Use the Temperature Sensor to measure the temperature of a known amount cold water in one cup and a known amount of hot water in a second cup. 

(Based on the temperatures, you could use algebra to make a prediction about the final temperature of the mixture.)

Mix the hot and cold water and measure the temperature of the mixture. [image: image7.wmf]Use insulated containers so the water will not gain or lose thermal energy during the activity. Use DataStudio or ScienceWorkshop to record and display the temperatures. 

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

2.
Connect the Temperature Sensor to Analog Channel A.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

MA03.DS
MA03
MA03.SWS

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

· The ScienceWorkshop document has a Digits display and a Table display of temperature versus time. 

· Data recording is set at 10 Hz (10 measurements per second). 

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

[image: image8..pict]1.
Label container #1 “Cold Water” and place the lid on it. Label container #2 “Hot Water” and place a lid on it. (Use a lid on the containers so the containers will not lose or gain energy from the environment.)

PART III: Data Recording
There are five parts:

Run #
Cold Water
Hot Water
Ratio of Cold to Hot

1
100 mL
100 mL
1:1

2
200 mL
100 mL
2:1

3
100 mL
200 mL
1:2

4
300 mL
100 mL
3:1

5
100 mL
300 mL
1:3

Each part follows the same basic procedure:

· Prepare each container: Fill each container with the amount of water needed for the run.

· Measure the Cold Water (container #1): Put the Temperature Sensor through the lid of container #1 (Cold Water). When you are ready, start recording data for container #1. Stir the water with the sensor until the temperature stabilizes, and record the temperature. Stop recording data.

· Measure the Hot Water (container #2): Put the Temperature Sensor through the lid on the container #2 (Hot Water). When you are ready, start recording data for container #1. Stir the water with the sensor until the temperature stabilizes, and record the temperature. Stop recording data.

· Combine the water: Pour the water from container #2 into #1 and put the lid on it. 

· Measure the mixture: Place the Temperature Sensor through the lid. Start recording data. Stir with the sensor, and when the temperature reaches equilibrium, record the temperature of the mixture. Stop recording data.

Record your measured temperatures in the Lab Report section.

Analyzing the Data
1. Calculate the final temperature of each mixture using the following:


[image: image5.wmf]
m = mass of water (1 mL = 1 gram),

c = specific heat for water = 1.0 cal/g °C

Ti = initial temperature

x = final temperature (unknown for this activity)

· Hint: Rearrange Equation 1 to solve for “x”, the final temperature of the mixture. Use the masses of water and the initial temperatures to calculate the value of “x”, the final temperature. 

In Run #1, for example, container #1 (cold water) contains 100 grams of water at the initial temperature you recorded. Container #2 (hot water) also contains 100 grams of water at the initial temperature you recorded.

Record your calculated temperatures in the Lab Report section.

Lab Report - Activity SL24: Calculating Final Temperature of a Mixture – Algebraic Manipulations

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. How can you use mathematical logic and algebra to predict the final temperature of a mixture of two substances?

Quantities

Run #
Cold Water
Hot Water
Ratio of Cold to Hot

1
100 mL
100 mL
1:1

2
200 mL
100 mL
2:1

3
100 mL
200 mL
1:2

4
300 mL
100 mL
3:1

5
100 mL
300 mL
1:3

Data Table

Temperatures
Run #1
Run #2
Run #3
Run #4
Run #5

Cold water
˚C
˚C
˚C
˚C
˚C

Hot water
˚C
˚C
˚C
˚C
˚C

Mixture: actual value
˚C
˚C
˚C
˚C
˚C

Mixture: calculated value
˚C
˚C
˚C
˚C
˚C

Analyzing the Data
Run #1 (100 mL cold + 100 mL hot)

1. How does the final temperature of the mixture compare to the initial temperatures of the cold and hot water?   

2. What is the ratio of the amount of cold water to the amount of hot water? 

3. What is an equation to calculate the final temperature using only the temperatures of the water samples and their ratio? 

Run #2 (200 mL cold + 100 mL hot)

1. How does the final temperature of the mixture compare to the initial temperatures of the cold and hot water?

2. What is the ratio of the amount of cold water to the amount of hot water?

3. What is an equation to calculate the final temperature using only the temperatures of the water and their ratio?

Run #3 (100 mL cold + 200 mL hot)

1. How does the final temperature of the mixture compare to the initial temperatures of the cold and hot water?

2. What is the ratio of the amount of cold water to the amount of hot water?

3. What is an equation to calculate the final temperature using only the temperatures of the water and their ratio?

Run #4 (300 mL cold + 100 mL hot)

1. How does the final temperature of the mixture compare to the initial temperatures of the cold and hot water?

2. What is the ratio of the amount of cold water to the amount of hot water?

3. What is an equation to calculate the final temperature using only the temperatures of the water and their ratio?

Run #5 (100 mL cold + 300 mL hot)

1. How does the final temperature of the mixture compare to the initial temperatures of the cold and hot water?

2. What is the ratio of the amount of cold water to the amount of hot water?

3. What is an equation to calculate the final temperature using only the temperatures of the water and their ratio?

Questions:

· Run #1 has equal amounts of cold and hot water mixed together. 

1. How many degrees above the initial temperature of the cold water was the final temperature of the mixture?

2. How many degrees below the initial temperature of the hot water was the final temperature of the mixture?

3. If the initial temperatures of the hot and cold water were increased proportionately, how would this effect the final temperature of the new mixture?
· Run #2 and Run #3 have the amounts of hot and cold water reversed.
4. What can you say about the final temperature of the mixture in relation to the original temperatures of the hot and cold water?
· Run #4 and Run #5 have the amounts of hot and cold water reversed.
5. What can you say about the final temperature of the mixture in relation to the original temperatures of the hot and cold water?
6. Are your measured values of final temperature the same as the calculated values of final temperature? If not, by how much do they differ? What are possible explanations for any discrepancy?

· Predict the final temperature of these mixtures :

1. 100 mL of 10 ˚C water and 100 mL of 40 ˚C water. 

2. 200 mL of 10 ˚C water and 100 mL of 40 ˚C water. 

3. 100 mL of 10 ˚C water and 200 mL of 40 ˚C water. 

4. 300 mL of 10 ˚C water and 100 mL of 40 ˚C water. 

5. 100 mL of 10 ˚C water and 300 mL of 40 ˚C water. 

6. 100 mL of 0 ˚C water and 100 mL of 100 ˚C water. 

7. 100 mL of 20 ˚C water and 200 mL of 50 ˚C water. 

Algebraic Manipulation

[image: image9..pict]Rearrange Equation 1 to solve for the final temperature of the mixture, x.
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