TAP 605- 4: Mechanical and electrical heating

A copper block is heated electrically and mechanically and the energy transferred for a 1 °C rise in temperature of the copper calculated.

You will need

· Apparatus for measuring Joules per coulomb 

· rubber band

· [image: image1.jpg]|thermometer

| ‘me(al block ‘neg
|

load




dc voltmeter 0 -12 V

· dc ammeter 0 -1 A
· 1 kg slotted masses and hanger

· vernier callipers

· dc power supply

· leads

· thermometer 0 - 50 °C in 0.2 °C
· cord

· rubber band
· stop clock
· student to turn the handle

What to do:

1. Supply energy electrically to the block so that the temperature rises about 10 degrees. The cord should be wrapped around the block 5 or 6 times so conditions are similar to the mechanical part of the experiment. Record the voltage, current, time of heating and maximum temperature rise. (The temperature may continue to rise after the power pack is turned off.)

2. With the cord wrapped round the block as before set up the apparatus as below
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A load of about 8 kg may be needed. (Keep your feet away from under the load) The handle should be turned steadily so that the rubber band goes slack. The same temperature rise as with electrical heating is aimed for. Record the highest temperature reached.  Measure block diameter

3. Calculate the energy transferred electrically = V I t

and then the energy needed to be transferred to raise the temperature of the block by 1°C.

4. Calculate the work required. When the rubber band is slack the friction force balances the weight.

Work done = Force x distance = weight x π x block diameter x number of turns of the 
handle.

Then calculate the energy for a 1 °C rise in temperature of the block.

5. Compare the results.

You have seen

1. Heating and working produce temperature rises in the copper.

2. The energy transferred to raise the temperature 1 °C is the same by both methods.

Practical advice

It is difficult to get exactly the same temperature rise as the temperature inside the block continues to rise for a short time after heating has stopped. To have similar conditions is best, so ideally the block should be heated from the same starting to the same finishing temperature in the same time by both methods. In a time-limited situation it may be that the block is heated over different temperature ranges e.g. 20 °C to 30 °C then 30 °C to 40 °C by the other method. Obviously the heat losses will be different in each case. Some teachers start with the block 5 °C below room temperature and then heat to 5 °C above to try to cancel heat gains and losses with the surroundings. In most circumstances it is unlikely that you will have time to do this so the values obtained should be similar rather then exactly the same.

It is recommended you try the experiment beforehand so you have an idea of the settings required and the time involved.

Oil can be placed between the thermometer and copper block to improve thermal contact; this can be messy to clear up afterwards. Water is not quite so satisfactory but less difficult to clear up and in practice seems to work as well.

It is a good idea to put some foam or other suitable material so if the cord snaps you do not damage the floor. This also helps to keep feet from under the weights.
It may also help to use a smoothing unit on the output of the power supply in the electrical point.
External reference

This activity is based on Nuffield Revised Physics demonstration B2

