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Overview

Necessary materials:
If you wam theair insidea balloon, thébal _
loon will rise But thetemperature probleof the | ¥ Two liter bottle

atmosphee shawvs tha, near theearth, theair ¥ Tirevalveto bt in cap obottle (AceHardware)
temperature drops as wgo to highe eleva- ¥ Bikepump with pessue gauge

tions Why doesrthe hot air end up 4 these ¥ LCD aquarium themometer (Retco)

highe elevations?

Theory Themost crucial pieeis thetire valve. We found

_ ' ' metal tire valves thd can bt insid¢he cap ofa two
Herg is thesimpleansver to thequestion ofthe liter bottle Having a bikeplimp with a @ugeis
previous paragaph: It does also crucial; with theump®quge we can inRge

When a pacd of air wams up nar thesur the bottleto a knavn pressue.

faceof the earth, itwill rise But as it risg it
moves into egions oflower pressue. The pres
sute of the amosphee drops with altitudeby
about 10 kR (100 millibar) pe1000 m.

As a rising pard of air moves into egions oflower pressue, it expands And as it gpands it cools The
air has to do wrk to expand, and so its teperature must dereasdNthe only possile souce of energy
for thework of the expansion is théhermal energy of the gas For thelargeair massg tha move in the
atmosphese, this is aradiabatic expan-
sionNno thermal energy is transfered
from adjacet air.

You can shw tha a rising pacd of dry air
will cool ty about 10;C ér each 1000 m

that it rises This is thelly adiabatici® ate
A parcd of hot air will riséb ut it cools as it
does so Theair temperature will still be
lower at highe elevations

A measuement of theactual dangein
temperature with hdght in theatmosphee is
the envionmentalpl@ ate This can wary, but

a typical alue for the Ostandar amos
phereO is 6.5;C otooling br a 1000 m rise
in elevation. You can sethat this is Ies than
the cooling a rising pad of air will experi-
ence So a paed of hot air will riseto a ce-




tain point, and tha stop When you heat up a hot air balloon, it l@®mes huoyant, kut, as it risg it cools
and so it only riseso farNunless pu add moe heet.

The caseof a hot air balloon malksea niceenergy transérmation problem becauseyou are exchanging
thermal energy of the gas in theballoon br potential energy of the balloon and its cgo. The hot air
balloon isin somesanse a het engind

Theactual amosphee is moe complicded, becausemoistue plays a ple As theair cools waer vapor
can condase giving up léent heat. This is sonthing we will deal with in anothe experiment. For now,
it@ timeto ge to work!

Doing the Experiment

This is a petty straightbrward experiment. You can genumbe's flom your instruments but it® had to
do arything too signibcant with thebecausehe expansion isadiabdic and is®reverside. But you
gd a dramdic temperature change which is exsy to sha

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 IIl: When y ou pump the bottles up , they wonOt &plode, but the caps can
By off at high speed if they are released. You should fasten the caps in place to elimi -
nate this possibility . This isn Ot a big dealNfolks 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 expeiment goes likethis:

¥ Pump up thebottleto a bxd pressueNabout 2 bar is platy. The air in thebottlewill wam as pu do
this Students can asily fel where the energy comes flom for this inceasein thermal energy!

¥ Let the bottlecool to bom tenperature.

¥ Let the air out of the valve, and noticethe resulting cooling

It® this last bit thas thecrucial piee As theair moves to laver pressue, it cools Dramatically A ques-
tion to ask gur studats:

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

Thework donein the expansion isdas olvious as thevork donein compessing thegas but it is no lss
real! The air must push back thamosphee as it ecapg and theenergy to do this mist comefrom
somevhereNthe thermal energy of theair in thebottle

Summing Up

This experiment is lagdy qualitdive, but it does makea ke/ point about aergy transbrmations in air
onewith good connetions to thescienceof the atmosphee.

A bnal thought: Hee® anothe way to think about thecooling with altitudeThermal energy of a gas is
dueto themotion of the gas moleules Supposgou aimel a particlestraight up It would rise losing
kinetic energy as it did soSo a pard of sut molecules would cool as itase as thesped of the mole
cules dereasel!

For More Infor mation
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Little Shop of Physicshttp://little shopphysicscolostée.edu


http://cmmap.colostate.edu
http://cmmap.colostate.edu
http://littleshop.physics.colostate.edu
http://littleshop.physics.colostate.edu

