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In our daily lives, we see many 
examples of warm objects that 

become colder, but it may not be 
obvious how it happens. Let’s see 
how things become cold (and get 
the answer to our pop quiz).

Collisions in your  
soft drink

in the case of the ice cubes in the soft drink, 
the soft drink becomes colder and the ice 
cubes warmer because energy is transferred 
from the soft drink to the ice, not the other 
way around, so the best answer is “a.” The 
reason is that energy is always transferred 
from a body at higher temperature to a body 
at lower temperature and, as a result, there is 
no such thing as “cold” flowing from the ice 
to the beverage. 

To understand how this works, let’s con-
sider the definitions of “temperature” and 
“kinetic energy.” in any sample of matter, 
particles—atoms, ions, or molecules—can 
move in three different ways: They can vibrate 
(wiggle about a fixed position), translate 
(move from one location to another), or rotate 
(spin around). 

At any time, these particles are constantly 
moving—slowly in solids, and more notice-
ably in liquids and gases, and as they do, 

they collide with one another. Each time these 
collisions occur, the speeds and directions of 
the colliding particles change. So the particles 
have a wide range of speeds and, similarly, a 
wide range of kinetic energies (because kinetic 
energy is proportional to the square of the 
speed). The values of the kinetic energies of 
all the particles follow a distribution that looks 
like the one shown in Fig. 1.

A common way to discuss the kinetic 
energy of all the particles in a sample is to 

use their average kinetic energy, which lies 
around the peak of the distribution. This aver-
age kinetic energy varies with temperature 
(Fig. 1). The more the particles vibrate, trans-
late, or rotate, the greater the temperature of 
the sample.

let’s return to the example of ice in a warm 
soft drink. The particles in the soft drink move 

throughout the space of the container, 
colliding with each other and with 

the walls of the container. This is 
known as translational kinetic 

energy, and it is the main 
form of kinetic energy for 
gases and liquids. The water 
molecules in the ice vibrate 
about a fixed position and, 
as a result, their kinetic 
energy is mainly vibra-
tional. The molecules in the 
soft drink move faster than 
the water molecules in the 

ice cubes because they are 
at a higher temperature and, 

therefore, have a higher aver-
age kinetic energy than the water 

molecules.
What does the energy transfer look 

like? When the faster-moving soft-drink mol-
ecules collide with the slower-moving water 
molecules, part of the kinetic energy of the 
soft-drink molecules is used to move the water 
molecules out of their crystal lattice. The net 
effect is that the kinetic energy of the soft-drink 
molecules is reduced and the water molecules 
have the same kinetic energy that they initially 
had in the ice crystal, except that this kinetic 
energy is translational rather than vibrational. 
The total amount of energy transferred from 
the soft-drink molecules to the water mol-
ecules in the ice cubes is called heat.

When the faster  
moving soft drink  
molecules collide  
with the slower-  
moving water mol- 
ecules in the ice cubes,  
the water molecules are ejected  
from the ice cubes. The result?  
The ice melts and the soft drink cools.

Soft-drink 
molecules move 
faster

Pop Quiz!
Q: What happens when an ice cube is added to warm soda?
 a. Heat is transferred from the soda to the ice.
 b. The ice cube’s “cold content” is transferred to the soda.
 c. Both heat and cold are transferred between the ice  
  and soda.

Water molecules 
in the ice move 
relatively slowly
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The collisions will continue to transfer 
energy until the temperatures of the ice mol-
ecules and soft-drink molecules are identical. 
This is known as thermal equilibrium. When 
thermal equilibrium has been reached, the 
average kinetic energy of both types of par-

ticles is equal, and the final 
temperature—assuming 
there is still ice left—will 
be about 0 ˚C.

Cold finger
Thinking about heat and 

cold in this way can be 
useful in explaining how 

heat transfer works in everyday life. it can help 
us explain common occurrences such 
as evaporation.

if you put your finger in 
water at the same tempera-
ture as your finger and 
then wave it in the air, it 
feels cooler. Why? Some 
of the water molecules 
with higher energy have 
enough energy to escape as water 

vapor, leaving behind water 
molecules with a slightly 
lower average energy, or 
a little lower temperature. 
Molecules in your finger 
collide with the molecules 
of water and transfer some 
of their kinetic energy to the 
water, thus slightly lower-
ing the finger temperature. 
This is heat transfer due to 
the evaporation of water 
molecules on the surface of 
your skin.

This happens over and over again, as higher 
energy water molecules vaporize, leaving 
water molecules with lower average kinetic 
energy, so heat transfer continues from your 
finger to the cooler water molecules. This net 
transfer of energy goes from your finger to the 
water, and your finger feels cooler.

So, does cold exist? Can we say that it 
is really cold outside? yes, we can. Cold is 
a perfectly fine adjective to describe when 

something is not hot, or when its tem-
perature is low. We sometimes 

use words to describe condi-
tions that reflect the absence 
of something rather than 
the presence of something 

else. For example, there is no 
such thing as darkness. There is 

only light or lack of light. but that’s a 
story for another time! 
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Figure 1. Distribution of the kinetic energies of 
particles in a sample at two different temperatures. 
The fraction of particles in the sample that have a 
given kinetic energy is shown by the height of the 
curve for that value of kinetic energy.
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molecules

Translational
kinetic energy
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Translational kinetic 
energy (reduced)

Vibrational kinetic 
energy converted 
to translational 
kinetic energy

Vibrational
kinetic
energy

Water
molecules
in ice cube

The molecules of water in the 
ice cubes vibrate (they have 
vibrational kinetic energies), 
and the molecules in the soft 
drink move along straight lines 
in between collisions with other 
water molecules (they have trans-
lational kinetic energies).

As more collisions between soft-drink 
molecules and water molecules occur, the 
soft-drink molecules keep transferring 
energy to the water molecules, until the 
temperatures of the soft-drink and water 
molecules are identical. This is known as 
equilibrium, in which case most of the ice 
cubes have melted, and both the soft-drink 
and water molecules are in liquid form.

When a molecule in the soft drink collides with 
a water molecule, part of the translational kinetic 
energy is used to move the water molecule out of 
the ice, and the water molecule’s vibrational kinetic 
energy is converted to translational kinetic energy.

Part of the kinetic 
energy from the 
soft-drink molecules 
is used to move the 
water molecules out 
of the ice.

All the water
molecules 
and soft-drink 
molecules have
translational
kinetic energies 
that have the 
same values at 
equilibrium.
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How Ice Cubes Melt and Cool Your Soft Drink

When you 
breathe out in 
winter, the air 
outside gets 
warmer—an 

example of heat 
transfer from 

your warm body 
to the cold air  

surrounding you.
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