Joule's Law

Purpose: To determine the mechanical equivalent of heat using the electrical energy dissipated through a resistor.

Equipment: Calorimeter, Thermometer, Joule's Law Apparatus, Stop Watch,  Balance, Paper Towels.

Discussion: We have seen that the power dissipated through a resistor is 

Therefore, in time t energy IVt is given off in the form of heat. If the resister is submerged in water in a calorimeter, then this energy will raise the temperature of the water. From our experience with thermodynamics, we can compute this change in heat energy: 

 where  the m's are masses, c's specific heats and the subscripts refer to water and the calorimeter cup. 

Assuming that all of the electrical energy in Joules is converted to heat energy in calories, we can find the relationship between these units, known as the mechanical equivalent of heat. Namely, we define 

. The accepted value for J is 4.186 J/cal. This means that one calorie of heat energy is equivalent to 4.186 Joule's of mechanical energy.

Instructions: 

1. Record the room temperature. Dry and weigh the calorimeter cup. 

2. Fill the calorimeter cup with water to a level just covering the heating element. The water should be only a few degrees less than room temperature. Weight the cup with the water and determine the mass of the water.

3. Make sure the power is off. Put the calorimeter cup in the calorimeter. Insert the heating unit and connect the circuit as shown in the figure. Have the instructor check your circuit. [image: image1.png]



4. Insert the thermometer into a cork and adjust its depth so that it does not touch the heater but does sit below the water surface. When it reaches equilibrium, record the initial water temperature.

5. Simultaneously turn on the power supply with a current of 1.5 A and start your watch. Record the voltage on the voltmeter. Continually adjust the power supply to maintain this current of 1.5 A.

6. At one minute intervals record the voltage. Occasionally stir the water without touching the heating unit. Continue until the temperature is about as far above room temperature as it was below initially. Turn off the current and record the elapsed time.

7. Wait about 30 seconds for the temperature to reach equilibrium and record the final temperature. If you wait longer, the whole system will begin to cool further, so do not wait too long.

8. Record the average the voltage.

Data:

Room Temperature 




_________________

Effective mass of the heater assembly  


15 g.

Effective specific heat of the heater assembly  

0.10 cal/g-oC

Mass of the empty calorimeter cup 


_________________

Specific heat of the aluminum calorimeter cup 

0.22 cal/g-oC

Mass of the cup plus water
 


_________________

Mass of the water 




_________________

Initial temperature 




_________________

Final Temperature 




_________________

Elapsed time 





_________________

Current 






1.5 A

Average voltage 




_________________

Analysis:

1.  Compute the electrical energy dissipated in Joules using 


2.  Compute the heat energy using 


3.  Calculate the mechanical equivalent of heat.
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