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Material Specific Heat 
(J / kg K)

Aluminum 900
Iron 450
Oil 2000
Water 4000
Ice 2000
Lead 130
Air 1000
Granite 300

Heat Capacity
We have two ways of talking about how hot or cold an object is. One way is to say
how much heat energy it has, in Joules. The other is to say what its temperature is.
In science, we measure temperature in degrees Celsius or in Kelvins.

We would like a way to relate heat content to temperature. To do this, we use an idea called heat capacity.
The heat capacity of a substance is the amount of heat energy, in J, that is required to raise the temperature
of that object by one degree Celsius. It relates temperature and heat energy through this equation:

So, for example, suppose that a bottle of water has a heat capacity of 200 J / °C. This means that it takes 200
J of energy to raise the temperature of the water by 1°C. To raise the temperature by 3°C would take (3°
C)(200 J/°C) = 600 J. If I put 1000 J of energy into the water, then 1000 J = (x°C)(200 J/°C), so x = 5 °C:
the temperature would increase by 5°C.

If for temperature I use the Kelvin scale, in which a temperature of 0 K means no heat energy is in the
object, then I can use heat capacity to find the total amount of heat energy present in an object. If the object
above is at a temperature of 300 K (about 80 °F), then the total heat energy is (300)(200) = 60,000 J.

If you don't know the specific heat of some object, you can sometimes figure it
out. People have made standard measurements of the heat capacity of a
kilogram of various substances; this is called the "specific heat capacity" of that
material. So, if I eight kilograms of granite (specific heat capacity of 300), it has
a heat capacity of 2400 J / °C.

. 1 a) What is the heat capacity of 40 kg of iron?

b) How much granite would have that same heat capacity?

c) How much heat energy would either have at 400 K?

. 2 A human being sitting at a desk working produces about 100 W of heat (that is, 100 J / s). That
person is sitting in a room containing 80 kg of air.

a) What is the heat capacity of the room?

b) After one minute, if there were no heat escaping from the room, what would be the increase in the
temperature of the room?



. 3 In order to measure the energy in a pancake, I light the pancake on fire and hold it under a can of
water. The can contains .5 kg of water, and its temperature changes by 15 °C.

a) What is the heat capacity of the water?

b) How much energy went into the water?

Calculating Equilibrium Temperature
I can also use heat capacity to figure out what the equilibrium temperature will be when two objects are put
in contact. Suppose that I have two objects, a hunk of metal at a very high temperature and a bucket of
water at 300 K:

Object Heat Capacity Temperature (K) Heat Energy
Metal ingot 2000 600 1,200,000 J
Bucket of water 8000 300 2,400,000

Somewhat to my surprise, I note that the water has more heat energy than the metal, even though it is much
cooler. Since the water has a higher heat capacity, the greater amount of heat still doesn't make it very hot.

The total amount of energy present is 3,600,000 J. When both are at the same temperature, that heat will be
spread over two objects with a total heat capacity of 10,000. We solve the heat capacity equation: 3,600,000
= 10,000 T, so the equilibrium temperature T is 360 K, which is just 87 °C or 189 °F.

. 1 I have two cans of water. Can A contains .3 kg of water at 350 K. Can B contains .5 kg of water at
290 K. I put them in contact with each other and heat flows until they reach equilibrium.

a) What is the heat capacity of each can?

b) What is the total amount of heat energy present in each can?

c) What is the total amount of heat energy present?

d) What is the combined heat capacity of the two cans?

e) What is their temperature when they reach equilibrium?


