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Objectives

When you have completed this lab you should be able to...
1. explain how convection redistributes atmospheric heat energy from the equator to the poles,

2. correctly state whether rising air is characterized by low atmospheric pressure or high
atmospheric pressure and why; do the same for sinking air,

3. explain how and why the rotation of the earth deflects the wind from its intended path (the
Coriolis effect); describe which way the wind is deflected in each hemisphere (N and S).

Important Information About the Layering of the Atmosphere
Eath's atmosphere isnade offour layers (Figurel4.6 on p. 368 othe textbookshows a
diagram of these layers). In this class, we will only concern ourselves with two of these layers:

(1) Thetroposphereis the lowermost layer dhe atmosphere; is where welive and wheremost
interesting “weather” (clouds, wind, storms, etc.) occurs.

(2) Thestratosphereis immediately above the troposphere; it contains the ozone layer.

The boundarybetween théroposphere anthe stratospherégcalled thetropopause acts like an
almost impenetrable barrier to akery little air crosseghis boundary. Why? Because théottom
of the stratosphere isvarmerthan thetop of thetroposphere and yoknow how effectively that
kind of atemperature gradiémactsto preventvertical air circulation(remember—fronthe lab on
convection—the red-clear-and-blue water in the beaker that was heated from above?).

The near impenetrability of the boundary between the troposphere and the stratosphere is very
important when it comes to understanding weather. For example, when air rises in the troposphere,
it hits the tropopause. It cannot push its way upward into the stratosphere, so it is forced to spread
out sideways (see diagram below). Meanwhile, the rising air leaves behind a region of extra-thin
(low-density) air near the ground that pulls in air from the surrounding area. When air sinks, the
opposite happens (see below). So, in many ways the troposphere behaves like a pan of water (very
little water “jJumps” up into the air above; very little air penetrates down into the water).

Stratosphere

Troposphere <€—— \ / > > \ / <
Rising Air Sinking Air

Troposphere ——> / \ < < / \ —>

,Ground

1Meteorites, jet planes, rockets and weather balloons have no trouble crossing this barrier, but air molecules do.

"SQupported by NSF Grant #9455371. Permission is granted to reproduce this material for classroom use.
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Lab Activity #1. The Atmosphere in a Cake Pan
Introduction
In this activity, we model the air movements thatcur when air is cold inone place (for
example, at the poles) and hot in another (for exaraptbe equator). We useater to represent air
in the lower part of the atmosphere (i.e. tloposphere) because it's easiesliserve the motion of
water han it is to observe the motion of dreep inmind, however,whateach part othe model
represents:

Part of Model Real Thing That it Represents

Bottom of cake pan The Earth's surface

Water in the cake pan The lowermost layer of the atmosphere (the troposphere)

Air above the cake pan Thetratosphergthe layer ofthe atmospheredirectly
above the troposphere)

Bag of ice Cold ground neé#lre north (or south) pole

Candles Warm ground near the equator

Materials: large rectangular clear glass cake pan (15x10x2)
red and blue food coloring
2 eye droppers
3 small candles (the kind that are used to keep food warm)
box of matches
three Styrofoam cups
ice
gallon-size Ziploc bag
red and blue colored pencils

Activity

1. Fill the cake pan with water.

2. Place the thre&tyrofoamcups,upsidedown onthe lab &ble,forming atriangle thatthe cake
pan can rest on and remain stable. Place the cake pan on the three cups.

3. Light the candles and place them in a line underr@attend othe cake pan.This end of the
cake pan represents the warm equatorial regions of the earth.

4. Put somece in thelarge Ziplocbag andplace thebag ofice in the cakepan onthe side
opposite the candle. This end of the cake pan represents the cold polar regions of the earth. The
set up should look like the diagram below.
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Questions

1. Onthe diagram on the previopsge,usearrows to show anyinvisible) motion of thewater
that you think may be occurring, due to the temperature differences across the cake pan.

2. Explain why you think the water is moving this way.

More Activity

5. After the cakepan hagested undisturbefbr afew minutes, place severdtops of blue food
coloring in a line along the bag of ice, near where it touches the water (see diagram below).

6. Carefully place several drops of reabd coloring intothe water in a linealong theBOTTOM
of the cake pan directly above the candles (see diagram below).

7. Watch the motion of the colored water and answer the following questions.

More Questions

3. On the diagram below, userows and colored pencils to shttve motion of theed andblue
water in the cake pan.

Place blue food coloring he

Place red food coloring hege

Cup Cup/ cup

Candles

4. Did the motion you observed match your predictions (Question #1 above)?
If not, explain why the motion that you DID observe occurred.
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5. What canyou conclude about theensity ofthe water near the candle as compared to the
density of the water near the ice? Where is the water more dense? Why?

For questions 6—1Below, imagine thatyou are a tinywater-breathingperson,usually walking
around on the bottom of the cake pan but sometimes “flying” up in the water in an airplane.

6. As youfly around inthe“air” (the water inthe cake pan)near the top of the troposphere,
where doyou feel thehighestwater pressure, neahe ice or near the candleWhy? Hint:
remember the recent lecture on wind.

7. Onthe diagram of the cakgan (previougpage), place atH” where thepressurealoft (i.e.
near the top of the water) is highest and an “L” where the pressure aloft (i.e. near the top of the
water) is lowest.

8. As youwalk around onthe “ground” (the bottom of thecake pan), where dgou feel the
highestwater pressure, neathe ice or near the candleVhy?2 Hint: remember theecent
lecture on wind.

9. On the diagram of the cake pan (previous pagage arf'H” where thesurfacepressurdi.e.
atthe “ground”) is highest and afiL” where thesurfacepressurg(i.e. at the*ground”) is
lowest.

2In water as well as in air, the pressure you experience is proportional to the weight of the water or air above you. In
other words, it is proportional to the number of molecules of air or water above you.
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10. When you'fly” (in an airplanelup to the upperpart of the water “atm@phere’ near the
center of the cake pan, which way do you feel the “wind” blow? (circle your answer)

from the pole (ice) to the equator (candle) / from the equator (candle) to the pole (ice)

11. When youwstand orthe “ground,” atthe center of the cakgan, which way do/ou feel the
“wind” blow ? (i.e. which way is water flowing?). Circle your answer.

from the pole (ice) to the equator (candle) / from the equator (candle) to the pole (ice)

12. When you stand on the “ground”, near the “equator,” dofgelumuch wind?Why or why
not? (Hint: remember that “wind” is defined as a horizontal flow of air)

13. When youwstand orthe “ground”, near the‘pole,” do you feel much wind? Why or why
not?

Questions 14-18 below agku to apply what you'velearnedfrom the behavior of thevater in the
cake pan experiment to an analysis of the behavior of the airuppiee part of the troposphere.

14. Where the aiis rising, the airpressurealoft is higher / lower than it is_at the samievel
wherever air is not rising.

15. Where the air is sinking, the air pressure aloft is highelower than it is_at the samievel
wherever air is not sinking.

16. The polar regions are characterized by relatively high / low atmospheric pressure aloft.

17. The equator is characterized by relatively high / low atmospheric pressure aloft.
18. Winds aloft tend to blow from the pole to the equator / from the equator to the pole.

Questions 19-23 below agku to apply what you've learnedfrom the behavior of thevater in the
cake pan experiment to an analysis oftteBavior of the air in the#eoposphereas experienced by
people living on the Earth's surface

19. Where the alir is rising, the surface air pressure is highdower than it is where air is not
rising.

20. Where the air is sinking, the surface air pressure is highlewér than it is where air is not
sinking.

21. The polar regionare characterized byelatively high / low atmospherigressure at the
surface.

22. The equator is characterized by relatively high / low atmospheric pressure at the surface.

23. Winds near the ground tend to blow from the pole to the equator / from the equator to the pole.
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24. On themodel earthoelow, usearrows to showhe ar movementi(i.e. atmosphericonvection)
that you think would result fromthe contrast inair temperaturebetween theequator and the
poles. To keep things simple, show the air movement just on the dlgdiges” ofthe earth--
where the“people” are shown. Markeachregion of lav pressurewith an “L” and each
region of high pressure with an “H.”

North Pole

30°N

Equator

30°S

South Pole

Note: This is a useful model, but it is not correct.

First, as aifflows aloft from the equatotoward thepole, itloses dot of heat. By thdime it gets
near 30° N and 30° S latitudegreat deal of that amascooledenough thait becomes too
dense to stay aloft--thus it sinks there--most doesn't make it all the way to the pole.

Second, Earth rotates on #gis, modifying the direction that the/ind blows (atleastfrom the
perspective of any one place on earth.Wilenow modify themodel to takeEarth's rotdon
about is axis into account.
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Lab Activity #2: The Coriolis Effect on a Flat Spinning Earth

Introduction
In this activity, we begin tostudy the Coriolis effect, the effect thatarth's rotatiorhas on the
motion (from the viewpoint of an observer on Earth) of flying objects, including air molecules.

Materials: spinning lab stool
large piece of paper
felt-tip pen
yardstick

Activity

1. Choose a stool that spins easily. Cut out a paper circle that just fits the seat of thapstdbke
paper circle to the stool.

2. Make a mark in the centeof the circleto representthe north pole; the edge of thstool
represents the equator.

3. Usingtheyardstick as guide, draw gathfrom the north pole tathe eqator. Itshould be a
straight line. This is the path of an object (such as a missile) that is flying in a straight line from
north to south on a NONROTATING Earth.

4. Figure outwhich wayEarthspins,clockwise orcounterclockwise, whefooking down at the
north pole.

5. Repeat step #3, but this tirspin the stool (nmodel Earth) inthe appropriatelirection at a slow
constantrate whileguiding the pen along the yardstickhis is the path of an object that is
flying in a straight line from north to south on a ROTATING Earth.

uestions

1. On the circle below, show the two paths that you drew on the large circle of paper.

North Pole
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2. When you drew the line while rotating the seahefstool, in which directiofto theright or to
the left) wasthe pendeflectedfrom the intended path (imagin@urselftraveling withthe pen
tip, looking forward)?

3. The experimenyou did modeledhe situatiorfor the northern hemispher&ould djects be
deflected in the same direction in the southern hemisphere? Explain why or why not.

Lab Activity #3: Coriolis Effect on a Spherical Spinning Earth

Introduction
In this activity, we continue to study the Coriolis effdttis time, we make i& bit more realistic by
using a spherical Earth instead of a flat earth.

Materials: “chalk bard” globe (we have only two of these, so the groups will have to take turns)
piece of chalk

Activity
1. Without spinningthe globeand using the metal arch aroundthe globe as auide, draw a
straight line from the north pole to the equator.

2. Repeat step #1, but this time spin the globe slowly and steadily in the appropriate direction.
3. Repeat steps 1 and 2 but draw your line from the south pole to the equator.

Question: Does the spherical globe display a Coriolis effect similar to the flat lab stool?
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Lab Activity #4: The Coriolis Effect on Objects “Launched” from
Somewhere Other than the Poles

Introduction: Wewill now study how theCoriolis effectworks if the object is‘launched” from
somewherether than theNorth or SouthPole. Thismakesthings abit more complicated and
almost impossibléo modelphysically. So, wewill explore thisissue bysolving a couple ofmath
“word problems.”

1. Imagine awar betweenCanada and th&nited Stag¢s (fortunatelythis is a hghly unlikely
scenario) in which the Canadians shoot a missile Wamcouveraiming straightsouthtoward
San Francisco. Here is some important information:

* The distance between the two cities is 1300 km.
* The missile travels toward the south at a speed of 1300 km/hour.

* Because thaissile was launcheflom Vancouver, italsotravelstoward the east at the same
speed that Vancouver is traveling eastward.

* As the earth revolves around its axis...
Vancouver is constantly circling eastward at a speed of 1100 km/hour
San Francisco is constantly circling eastward at a speed of 1300 km/hour

a. Why is San Francisco circling eastward faster than Vancouver is?

b. Problem to solve: Where will the missile actually land and why?
120°W

1\?{)%\/\\/\ 500 km LDO\
50° N. %Vancouver \ &
} N
40° N ? \ 40° N

San Francisc \

50° N.

130° W 120° W

2. Even though the missiledid not hit San Fancisco,the United States isangry about the
attemptedmissile attackand wants teshoot amissile fromSan Francisco so that itilwhit
Vancouver. But, like the Canadians, the Americans do not takeahelis effect into account.
Where will their missile land and why?
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Lab Activity #5: Adding the Coriolis Effect to the
Convection Model--Surface Winds

Introduction: It isnow time tomodfy the convectionmodel thatyou constructed irActivity #1 to

Activity:

take the Coriolis effect into account.

In this model, wewill focus onthe regionsbetween 30° Nand 30° S latitudes--
where the tradevinds blow. Athigher latitudes thewind directionisn't nearly as
consistent, partly because the Coriolis effect istsong(the higherthe latitude, the
stronger the Coriolis effect).

In this model, wewill also focuson the direction of thesurfacewinds, i.e.the
winds near the ground. We will nat worry about the winds aloftet--we will in
the next activity.

Look at your model fromctivity #1 to seewhich way thesurface windsvant to blow
in each hemisphere. Figure out whighy thewind is deflectecand showthe direction
of the wind, using a curved line with an arrow at the end. Draw thesealirsegoss the
globe betwee® and30° N andbetween Oand 30°S (the lineshould bedifferent in

the northern and southern hemispheres).

North Pole

60°N

30°N

Equator

30°S

60°S

South Pole
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1. Are the trade winds in the northern hemisphere easterly (out of the east) or westerly (out of the
west)? Why?

2. Are the trade winds in the southern hemisphere easterly (out of the east) or westerly (out of the
west)? Why?

Lab Activity #6: Adding the Coriolis Effect to the
Convection Model--Winds Aloft

Activity:  Look at your model fromActivity #1 to seewhich way thewinds aloftwant to blow in
each hemisphere. Figure out which vlag wind isdeflectedand showthe direction of
the wind, using acurved linewith anarrow at the end. Draw these lires across the

globe
North Pole

60°N

30°N

Equator

30°S

60°S

South Pole
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Questions

1. Which way do the winds aloft tend to blow?
Why?

2. The jet stream is a narrowand of extra-fastvind doft. Which way do thejet-stream winds
blow? Why?

3. Mid-latitude storms(the kind weget during the winterrainy season)are oftencaused by
divergingwinds of thejet streamThesestormsare alwayspushedalong by thejet stream.
Which direction do these storms tend to migrate? Why?



