TAP 607- 5: Thermal changes

Use these data to answer the questions below, showing how thermal changes apply to a wide range of phenomena:

	Material
	Specific heat capacity /

J kg–1 K–1

	Aluminium
	900

	Copper
	385

	Expanded polystyrene
	1300

	Iron and steel
	450

	Ice
	2100

	Air
	1000

	Water
	4200


A set of varied questions

For each of the following, find the energy that you need to transfer for a 10 K change in temperature:

1.
5.0 kg of water.

2.
The bit of a soldering iron, made from 3.5 g of copper. 

3.
An expanded polystyrene cup of mass 5.0 g. 

4.
A steel brake disc of mass 1.5 kg. 

5.
If you eat a fruit pastry fresh from a hot oven, the pastry may be harmless while the fruit filling scalds your tongue. 


Use your ideas about specific heat capacity to explain why. 

6.
You can put your hand in an oven at 200 C and even touch a baking cake, without 
serious harm. But you must avoid touching anything in the oven made from metal. 


Why is it not so harmful unless you touch metal? 

7.
In Fiji, some people will walk barefoot over a bed of white-hot pumice coals as part of a religious ritual. It is meant to demonstrate supernatural powers over pain. Their feet are generally not hurt.

Pumice has a low specific heat capacity, low density and is a poor conductor of heat. Explain how each of these properties helps to make a bed of white-hot pumice coals safe to walk (quickly) over. 

8.
In the middle of the nineteenth century, James Joule performed a great series of 
experiments, which was part of the work leading to the law of conservation of energy. 
One of them was on his honeymoon, when he measured the temperature difference 
between water at the top and bottom of a waterfall.


If the waterfall was 100 m high, what maximum temperature difference could Joule 
expect? 

Two holes are made in a 1.0 kg block of aluminium. A 48 W electric immersion heater is placed in one hole, and a thermometer in the other. Both objects make good thermal contact with the block. The heater is switched on for exactly 3 minutes and the temperature rises from 20 C to 29 C.

9.
Calculate the specific heat capacity of aluminium. 

10.
Is this likely to overestimate or underestimate the true value? 

In some supermarkets the freezer compartments are upright, with front-opening doors, while in other supermarkets there are chest-type freezers, with access from the top and no lids. Some people consider the upright design wasteful, because the cold air escapes when the door is opened. The temperature inside such freezers might be – 20 C, and the specific heat capacity of air (at constant pressure) is about 1000 J kg–1 K–1.

11.
Consider a freezer of volume 1.5 m3 and discuss whether you agree or disagree. 

A power station needs to get rid of energy at a rate of 800 MW and does so by warming up a river that flows past it.

12.
If the river flow rate is 1100 m3 s–1, how much warmer is the river downstream of the 
power station? 

Practical advice

Students may find it more difficult to answer the qualitative questions than the quantitative questions. Answering qualitative questions provides essential practice in using the language (and concepts) of physics correctly.

Answers and worked solutions

1.
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5.
The fruit, largely sugar and water, has a high heat capacity and therefore has more energy.

6.
Both air and cake have low specific heat capacities and are poor conductors, so little energy is transferred; metals have higher specific thermal capacities but are good conductors, so the energy can be rapidly conducted to your hand.

7.
Low specific heat capacity and density mean little energy is stored in the pumice; 
because it is a poor conductor, there is little energy transfer from below the surface.

8.
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10.
Overestimate. Because of thermal transfer to the surroundings, less energy goes into the aluminium than this calculation assumes.

11.
Assume the freezer volume is half air (the other half is the contents of the freezer) and that all the air escapes when the door is opened. If the room temperature is 

20 C, the temperature difference is 40 K:
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If the door were opened frequently, the power demand would be significant. But perhaps this is a contribution to the air-conditioning of the supermarket?

12.



[image: image8.wmf]K.

17

.

0

K

kg

J

4200

s

m

1100

m

kg

1000

W

10

800

)

/

(

1

1

1

3

1

6

=

´

´

´

=

´

´

r

=

q

D

-

-

-

-

c

t

V

P


External reference

This activity is taken from Advancing Physics chapter 13, 140D
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