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A laborator y experiment from the
Little Shop of  Physics at

Colorado State Univ ersity
CMMAP

Reach for the sky.

If  hot air rises , 
why is it co ld in 
the mo unta ins?

Overview
If  you warm the air inside a balloon, the bal-
loon will rise. But the temperature proÞle of the 
atmosphere shows that, near the earth, the air 
temperature drops as we go to higher eleva-
tions. Why doesnÕt the hot air end up at these 
higher elevations?

Theor y
Here is the simple answer to the question of the 
previous paragraph: It does.

When a parcel of air warms up near the sur-
face of the earth, it will rise. But as it rises, it 
moves into regions of lower pressure. The pres-
sure of the atmosphere drops with altitude, by 
about 10 kPa (100 millibar) per 1000 m.

As a rising parcel of air moves into regions of lower pressure, it expands. And as it expands, it cools. The 
air has to do work to expand, and so its temperature must decreaseÑthe  only possible source of energy 
for the work of the expansion is the thermal energy of the gas. For the large air masses that move in the 

atmosphere, this is an adiabatic expan-
sionÑno thermal energy is transferred 
from adjacent air.

You can show that a rising parcel of dry air 
will cool by about 10¡C for each 1000 m 
that it rises. This is the dry adiabatic lapse rate. 
A parcel of hot air will riseÑb ut it cools as it 
does so. The air temperature will still be 
lower at higher elevations.

A measurement of the actual change in 
temperature with height in the atmosphere is 
the environmental lapse rate. This can vary, but 
a typical value, for the Òstandard atmos-
phereÓ is 6.5¡C of cooling for a 1000 m rise 
in elevation. You can see that this is less than 
the cooling a rising parcel of air will experi-
ence. So a parcel of hot air will rise to a cer-

Necessary materials:

¥ Two liter bottle
¥ Tire valve to Þt in cap of bottle (Ace Hardware)
¥ Bike pump with pressure gauge
¥ LCD aquarium thermometer (Petco)

The most crucial piece is the tire valve. We found 
metal tire valves that can Þt inside the cap of a two 
liter bottle. Having a bike pump with a gauge is 
also crucial; with the pumpÕs gauge, we can inßate 
the bottle to a known pressure.

Watching the temperature change as the air expands.
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tain point, and then stop. When you heat up a hot air balloon, it becomes buoyant, but, as it rises, it cools, 
and so it only rises so farÑunless you add more heat.

The case of a hot air balloon makes a nice energy transformation problem because you are exchanging 
thermal energy of the gas in the balloon for potential energy of the balloon and its cargo. The hot air 
balloon is, in some sense, a heat engine!

The actual atmosphere is more complicated, because moisture plays a role. As the air cools, water vapor 
can condense, giving up latent heat. This is something we will deal with in another experiment. For now, 
itÕs time to get to work!

Doing the Experiment
This is a pretty straightforward experiment. You can get numbers from your instruments, but itÕs hard to 
do anything too signiÞcant with them because the expansion isnÕt adiabatic and isnÕt reversible. But you 
get a dramatic temperature change, which is easy to show.

SAFETY NOTE I: The bottles will easil y hold more pressure than the pump can pro vide 
as long as they are intact. If  a bottle has a defect, though, it ma y not hold. If  a bottle has 
any defect, replace it.

SAFETY NOTE II: When y ou pump the bottles up , they wonÕt explode , but the caps can  
ßy of f  at high speed if  they are released. You should fasten the caps in place to elimi -
nate this possibility . This isn Õt a big dealÑfolks open soda bottles all the time with no ill  
effects. But these bottle caps ha ve valves in them so a bit of  caution is w ar ranted.

The experiment goes like this:

¥ Pump up the bottle to a Þxed pressureÑabout 2 bar is plenty. The air in the bottle will warm as you do 
this. Students can easily feel where the energy comes from for this increase in thermal energy!

¥ Let the bottle cool to room temperature.
¥ Let the air out of the valve, and notice the resulting cooling.

ItÕs this last bit that is the crucial piece: As the air moves to lower pressure, it cools. Dramatically. A ques-
tion to ask your students:

Where does the ther mal energ y go as the air in the bottle cools?

The work done in the expansion isnÕt as obvious as the work done in compressing the gas, but it is no less 
real! The air must push back the atmosphere as it escapes, and the energy to do this must come from 
somewhereÑthe  thermal energy of the air in the bottle.

Summing Up
This experiment is largely qualitative, but it does make a key point about energy transformations in air, 
one with good connections to the science of the atmosphere.

A Þnal thought: HereÕs another way to think about the cooling with altitude: Thermal energy of a gas is 
due to the motion of the gas molecules. Suppose you aimed a particle straight up. It would rise, losing 
kinetic energy as it did so. So a parcel of such molecules would cool as it rose, as the speed of the mole-
cules decreased!

For More Infor mation
CMMAP, the Center for Multi-Scale Modeling of Atmospheric Processes: http://cmmap .colostate.edu

Little Shop of Physics: http://little shop.physics.colostate.edu
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