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Temperature and Heat

Hot and cold are familiar sensations but you may not have known that they are caused by the energy of
atoms! This Investigation will explore the concept of temperature and also the difference between
temperature and thermal energy (heat).

A Thinking about temperature and energy
Consider the following experiment (which you are going to do). Two foam cups contain equal masses of
water. One cup contains cold water with a temperature of 0°C. The other contains hot water with a
temperature of 50°C. The hot water is mixed with the cold water and stirred.

  a. Which cup has more energy, the hot one or the cold one? Why do you think so?

  b. What do you think the temperature of the mixture will be? Why?

  c. If the system includes both the cold and hot water, compare the energy of the system before mixing to 
the energy after mixing. You may ignore any energy going to air or friction.

B Doing the experiment
1. Prepare foam cups contain 100 g each of hot and cold water.
2. Measure and record the temperatures before mixing.
3. Mix the water, stir well, and measure the final temperature.

Question for this Investigation:
1. How is temperature different from energy?

Materials
• Digital thermometer 0-100°C 
• Mass balance
• Ten 1/2” steel washers

• Foam cups
• Ice

• Cold water
• Hot water

Table 1: Temperature data for mixing equal masses of water
Cold water temperature 

before mixing (°C)
Hot water temperature before 

mixing (°C)
Mixture temperature

(°C)
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7AC Thinking about what you observed
  a. Given the actual hot and cold temperatures, what do you think the mixture 

temperature should be?

  b. Did the result of the experiment agree with your prediction? Discuss the meaning of “agree” in terms of 
the accuracy and precision of your experiment.

D A more complex experiment
Assume you have 3 foam cups and each contains an equal mass of water. One cup contains cold water with a
temperature of 0°C. The other two contain hot water with a temperature of 50°C. For this experiment assume
T1 to be 0°C for each cup. For this experiment, T2 is the temperature of each cup of water before mixing. All
three cups are mixed together and stirred. The final temperature of the mixture is Tf.

  a. What do you think the temperature of the mixture will be? Why?

  b. The thermal energy contained by the water in each cup is given by the formula E = mcp(T2 - T1). Write 
down what each of the symbols (m, cp, T2, T1) means.

  c. It takes 4,184 J of energy to raise the temperature of one kg of water by 1 °C. This quantity(Cp) is 
called the specific heat of water (4,184 J/kg°C). Use this information to calculate the mixture 
temperature by assuming the energy of the hot water is equally distributed in the final mixture. Follow 
the steps in the diagram above to predict the final temperature after mixing.

E Doing the experiment
1. Prepare 3 foam cups contain 100 g each of hot and cold water.
2. Measure and record the actual temperatures before mixing.
3. Mix the water, stir well, and measure the final temperature.

Table 2: Temperature data for mixing equal masses of water
Cold water temperature 

before mixing (°C)
Hot water temperature before 

mixing (°C)
Mixture temperature

(°C)
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F Doing an experiment with metal and water

1. Put enough washers in a foam cup so the mass is between 150 and 200 grams. Record the mass of 
the washers.

2. Cover the washers with ice and water so they become cold.
3. Prepare an equal mass of hot water in another foam cup.
4. Record the temperature of the cold water and washers, then pour off all the water leaving just the 

washers in the cup.
5. Add the equal mass of hot water to the cup with the washers.
6. Mix the water, stir well, and measure the final temperature.

G Thinking about what you observed
  a. Calculate the expected mixture temperature for the three cups of water in part 5. How does this 

compare with your actual mixture temperature? Suggest explanations for any differences.

  b. Why didn’t the temperature of the steel and water mixture come out halfway between cold and hot, 
even though you mixed equal masses?

  c. Different materials have different abilities to store thermal energy. Research and describe the property 
of a material that measures its ability to store heat. What units does this property have? 

  d. How much energy does it take to raise the temperature of a kilogram of steel by 1 °C?

  e. (Challenge problem) Suppose you drop 0.5 kg of steel at 100°C into a bucket containing 2 kg of water 
at 0°C. What is the final temperature of the mixture? (Hint: apply energy conservation)

Table 3: Temperature data for combining water and steel washers
Washer Mass 

(kg)
Washer 

temperature 
before mixing 

(°C)

Hot water mass  
(kg)

Hot water 
temperature 

before mixing 
(°C)

Mixture 
temperature

(°C)
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