
Heat and Calorimetry





One object has a mass ten times greater
than another, but they both start out at the
same temperature. If the same amount of
heat is added to both, which ends up with
the higher final temperature?

A. the more massive object

B. the less massive object

C. they have the same final temperature

D. more information is needed



ANS: D—More information is needed.

We do not know anything about the material composition of the ob-
jects. In particular, we don’t know anything about the specific heats
of the two objects.

If they have the same specific heat (for example if they are made of
the same material) then the less massive object will have the lower
heat capacity and undergo the greatest change in temperature.

If, on the other hand, the less massive object has ten times the spe-
cific heat of the more massive object, they will have the same heat
capacity and therefore the same increase in temperature.

The lighter object might actually have more than ten times the spe-
cific heat of the heavier object, which would mean that the heavier
object would have less heat capacity and actually heat up more.



A guy in a bar offers you the following bet
for a large sum. He bets you can’t burn a
hole in a dollar bill stretched across your
forearm using the lit end of a cigarette.

Can you win the bet?

A. No, it can’t be done without serious
injury.

B. Sure, what’s a little pain?

C. It can be done, but I won’t do it because
bars, cigarettes, and betting are all
against my principles.



ANS: A—You will burn yourself badly long before the bill ignites.

A dollar bill is very thin, so the part of the bill exposed to the flame
will have very little mass. It won’t take much heat to raise the tem-
perature of the bill high enough to ignite. If you hold the bill in the air
and touch it with a flame, the bill ignites easily.

However, when the bill is in contact with your arm, heat will be con-
ducted away from the bill and into your arm. The flame will heat
up the bill, but heat will readily flow from the hot bill to your cooler
arm. The heat capacity of your arm will be much greater than that of
the dollar bill, and will readily absorb the heat. You will have to keep
holding the flame to the bill and slowly heat up both the bill and your
arm. Sadly, your arm will sustain quite a bit of damage before the bill
gets hot enough to ignite.

You may have seen a physics demonstration where you can boil water
in a paper cup over a flame that will readily burn the empty cup. The
explanation is the same.



The specific heat of water is roughly nine
times the specific heat of iron. If you fill an
iron skillet at 30◦C with an equal mass of
water at 20◦C, the final temperature of the
skillet and water at thermal equilibrium is
approximately

A. 20◦C

B. 21◦C

C. 25◦C

D. 29◦C

E. 30◦C



ANS: B—The final temp will be 21◦C.

They have the same mass, so the water will have a greater heat
capacity than the iron. The pan loses as much heat as the water
gains, so the drop in the pan’s temperature will be greater than the
gain in the water’s temp, making the final temperature closer to the
initial water temperature than to the initial pan temperature.

In fact, the water’s heat capacity will be 9 times the pan’s heat capac-
ity. Therefore, the loss in the pan’s temp will be nine times greater
than the gain in the water’s temperature:

mwcwΔTw +mpcpΔTp = 0 →
ΔTp

ΔTw
= −

mwcw

mpcp
= −9 .

This makes the final temperature 21◦C.



You pour your favorite beverage into a glass.
If a specified mass of one of the following is
added and they come to thermal
equilibrium, which is likely to cool the
beverage to the lowest temperature?

A. ice at 0◦C

B. water at 0◦C

C. plastic spheres at 0◦C with the same
specific heat as ice

D. Either 1 or 2

E. Either 1 or 3

F. Either 2 or 3

G. All of the above are equal



ANS: A—Ice at 0◦C will cool the beverage the most.

The ice must first melt (change phase) before it becomes water at
0◦C. The beverage will cool significantly as the ice melts. After that
point, we have water at 0◦C cooling a beverage that is already cooler
than it started. So the ice will certainly cool more than the water.

The specific heat of ice is roughly half the specific heat of water, so
the plastic spheres with the same specific heat as ice will not cool the
beverage as much as the water would. Plus, there would be no phase
change in the plastic.

Remember: it’s not the specific heat of ice that makes it do such a
good job of cooling your beverage. It’s the latent heat absorbed as
the ice melts.



The following data are all for water:

cice = 2.11kJ/kg◦C
cliqid = 4.19kJ/kg◦C
cvpor = 2.08kJ/kg◦C
Lfsion = 334kJ/kg
Lvporiztion = 2256kJ/kg

For a given mass of water, which 10◦C
temperature change requires the most heat?

A. −15◦C → −5◦C
B. −5◦C → 5◦C

C. 5◦C → 15◦C

D. 85◦C → 95◦C

E. 95◦C → 105◦C

F. 105◦C → 115◦C

G. They are all the same



ANS: E—The temperature change 95◦C → 105◦C requires the most heat.

This should be immediately obvious. The mass does not matter, as
long as it is the same in each case, so let’s just take the mass to be
1kg for simplicity. Then the amount of heat to raise the temperature
10◦C with no phase change is anywhere from around 21kJ (for ice
and vapor, choices 1 and 6) to around 42kJ for water (choices 3 and
4).

This is nowhere near the heat required in the cases with phase
changes, where 336kJ is required just to melt the ice (choice 2) and
2256kJ is required to just boil the water (choice 5). This does not
even count the heat required to raise the temperature of the water
before and after the phase changes!



Warmup Question

A service technician is working on a piece of
high-tech manufacturing equipment, when a
high temperature line suddenly ruptures.
The skin of her arm is sprayed with 10g of
water at a temperature of 100◦C. Will it
make any difference to her injuries whether
the water is in a liquid or gaseous state (i.e.,
steam)? Explain. (Please note: No service
technicians were killed or maimed in the
production of this question)



ANS: Her injuries will be much worse if she is hit by 100◦C steam. In both
cases, heat will transfer to her skin and the water will lose heat. In
the case of liquid water, it will immediately drop in temperature as it
loses heat. In the case of steam, the steam will condense to liquid
water as it loses heat. She will absorb a lot of heat as that steam
condenses before it even becomes liquid water at 100◦C.



Warmup Question

Your body radiates an average of 100W of
power continuously. If energy continued to
be lost at that rate but the internal
biochemical processes providing that energy
suddenly stopped, estimate how would your
temperature change in one hour? Treat the
human body as predominantly composed of
water (specific heat = 4186 J/kg◦C). Hint:
Recall that power is the rate of energy
usage per time and 1W = 1 J/s.



ANS: Take a human body to have a mass around 90kg. (I’ve estimated
up.) We’re working with a very rough estimate there, so let’s simplify
the specific heat by rounding down to 4000 J/kg◦C.
Now in one hour the body will lose

Q = (100W) × (3600s) = 3.6 × 105 J

of heat. Using
Q =mcΔT → ΔT = Q/mc ,

and noting that

mc = (90kg) × (4000 J/kg◦C) = 3.6 × 105 J/ ◦C ,

this gives ΔT = 1◦C, or a heat loss of 1◦C every hour. A smaller body
will cool off even faster.

Note: Actually, Q is negative because it represents heat loss, which
would make ΔT negative, as well. I was working with magnitudes in
this calculation.



Warmup Question

Which of these is a mechanism for
transferring thermal energy?

A. conduction

B. radiation

C. convection

D. all of the above



ANS: 4—All are recognized mechanisms.

Conduction occurs when bodies are in thermal contact with each
other.

Convection occurs when fluid currents (like wind) carry away heated
or cooled fluid or move it around the room.

Every object that has a temperature (on an absolute scale) will ra-
diate energy, and everything but an ideal reflector (which doesn’t
actually exist) will absorb some radiant energy.


