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S An Introduction

p s ¢
' . - S 7
The study of weather is a very complicated subject. Variables of temperature,
pressure, humidity, wind, and clouds all have an eftect on atmospheric condi-
i tions on the carth. Complicated and sometimes hard-to-measure factors such
¢ - as upper air movement, variations in solar radiation, and changes due to the
§ scasons contribute to the problem. An attempt to expound on all of these, and
othegs, would result in a Very lengthy text. Instead, this short introduction will
focus on those. things, not found in the student text or teacher Annotations, .
that are judged to be pertinent to the unit. } ' ‘
From the fime that man first became interested in the weather, his basic
._response was observation. Long before the use of instruments for measuring
“weather factors, eyes were turned skyward at the clouds, and the wind was
: tested with pieces of straw. And the observations became the foundation for
& sort of “if—then” weather forecasting. “If.” said the ancient sailing captain ¢

i “the sky has mackerel scales and mares’ tails, then I am going to have to lower \}‘ “*\

,  my sails.” In more modern terminology, he was saying that the appearance
~ of cirrocumulus .and cirrus tlouds foretold the coming of a storm. “If,” said
thé ancient farmer, “the bréezes are.backing, then dry hay we’ll be lacking.”
Somehow, he knew that a backing wind (one that changes from north to west

{ ) to south to east, or counterclockwise) presaged the approach of bad weather
. . (a low-pressure area), and he had better get the hay in.
i By the 17th century, instruments had been developed and began to be used
| for systematic weather observations. It was realized that scientific observation
had to precede scientific prediction. It is interesting to note that in 1649 two .
cities in France and one in Sweden were simultaneously recording the weather.
° Without modern, high-speed communication, however, much of the value was
lost. But the sciepce of meteofology was horn, and has been growing ever since.
Incidentally, uginterrupted obgﬁ(ations have been rhade in New Haven,
1 Connecticut,sifice 1779. Student observations in this unit, though limited, play _
‘ . anequally important role in the development of a model, and in the attempt . s
' to make weather forecasts, Co - : : .
,L ) ’ S . . ) ©

HEAT SUPPLIER IN THE. SKY

0y

The basic energy for weather processes is furnished by the sun. Of course, only
a fraction of the sun’s output of energy (about one two-billionth) reaghes the
vicinity of the earth. This radiation is largely divided bétween ultraviolet (10%),
visible @5%), and 'srnfrarcd (45%) wavelengths. _ > T3

- N R -~
i A iy . . 7 7 \\ ) , .
. . . g
St A . . . L. . T ’ . .




the cdpe of the atmosphere. the solar beam carries about 2 calo-
ries/cn? /nuarof rtadiaon. This radiavion s called the solar constant. This s
equivhlent 10 about once halt nmullion horsepower per square nule. Because of
the carth’s curvature, this beam s spread over a greater surface area at high
latitudes thanin the equatonal regrons. (From this fact alone, we would expect
the polar regions to be colder than the tropics.)

The solar beam s partally depleted as it passes through the atmosphere.
Athigh alutudes, ozone gas forms and becomes concentrated enough to absorb
the lethal uliraviolet wavelengths. The solar beam s also substantially reduced
by réflection from the upper surfaces of cloud IdVU\ and by xcallcnn{_, off the
various gas molecules and contaminants. Some cnergy is absorbed by cloud
layers and air molecules. Of the total energy arriving at the outer edge of the
atmosphere. only 28% arrives at the ground on an overcast day,

The parucular type of cloud determines the amount of reflection. FFor exam-
ple, altostratus clouds reflect three quarters of the beam back to space. The
density of the air and the thickness of the cloud layer also determine the amount
of absorpuion.

Once the cnergy reaches the carth’s surface, it is cither absorbed or reflected.
This is highly dependent on the kind of surface maltcrial it strikes. In the Arctic,
the glancing radiation is largely reflected from the snow; in the tropics, the
equatorial forests absorb the vertical rays.

In addition to receiving radiation, the earth s also a radiating body. Actually,
the carth radiates energy 24 hours a day, while it receives cnergy, on the
average, for only half the day. Thus, in areas that absorb high amounts of
radiation, the incoming energy excceds the outgoing energy, while in polar
regions terrestrial radiationsfar exceeds solar radiation.

-

THE DISTRIBUTION SYSTEM

With the tremendous differential in energy received, absorbed, and refiected
by various areas of the earth’s surface, it would seem that some locations would
get unbearably hot while others would be unbelievably cold. Yet there are no
spots on the earth where man cannot exist with proper protection. How.is this
heat energy distributed? '

Radiant energy can travel from the source to the receiver without a medium

of transmission. Some of the energy received by the earth is indeed retrans-
mitted by this method. But the large surplus of heat received in the tropics
travels to other regions by the other two methods of heat transfer—conductjon
and convection.

Heated surfaces of the earth heat the surrounding air by conduction. This
only affects the air in contact with the surface. This air becomes less dense
than the surrounding air and is buoye¢d upward. Heated air, rising above the
tropics, flows north and south.toward the Poles. Cooler air flows into the tropics
to take its place.“A huge circulatory system of heat transfer is set up as the
heated air cools, sinks back to the surface, and flows back toward the equator. -
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_OUTSIDE READINGS -  — - ' .'

* Spar, Jerome. Earth, Sea, and Air. Reading, Mass.. Addison-Wesley, 1962.

b

Because of the umh s rotation. the actual arcumstance 1s not as slmpk as
the primary circulation described above. Instead, part of the an ﬂowmg Pole-
ward at high altitude cools and falls at about 30° latitude. Due to Coriolistorce,
air in motion in the-Northern Hemisphere is deflected to the night of 1ts . (
direction of motion. The part of the air that continues northward at the surface
from 30° becomes the prevailing westerhes that atfect the North American
continent so greatly. The part that flows back 1o the equator becomes the trade
winds of the subtropics. At the same time, polar air flowing southward at the
surface becomes the Polar casterlies.
A major significance of this circulatory, heat distribution system is that large
masses of air leave the subtropics and the subpolar regions and meet to form
fronts. These frontal systems, in general, mgve from west to east across the ' ’
United States because of prevailing air-movement. A large amount of the total
weather pattern that we experience is dependent gn these air masses and fronts.

t
reaomcs I
Much of the detail of meteorology is included in simplified form in the student '
materials and in the teacher notes. Notably absent is any material on hurriganes ;
and tornadoes, nature’s most violent storms. Similarly, upper air measurement,
so important in modern weather studxes has been omitted as being beyond
the realm of this unit. P

There are many fine books available that could be used by the teacher for R

reference or to obtain further background information. Some might be made N
available for better students who want to delve further injo the subject. A shorl
list follows: ' h

* Battan, Louis J. The Nature of Violent Srorms Garden City, New York:
Doubleday and Co., Anchor Books, 1961.
Blair, Thomas A., and Robert J. Fite. Weather Elements, Sth ed. Englcwood
Cliffs, N.J.: Prentice Hall, Inc. 1965.
* Cantzlaar, George L. Your Guide to rhe Weather®New York: Barnes and
Noble, Inc., 1964. %
Day, John A. The Science of Weather. Reading, Mass., Addison- -Wesley Pub-
lishing Co., 1966.
* Holmes, David ¢. The Story of Weather. Ncw York Pyramid Publications,
Inc., 1963. ST
* Landsberg, Helmut E. Weather and Health. Garden City, New York: Doublg- *
day and Co., Anchor Books, 1969. :
* Lehr, P.E,, R. W. Bumnett, and H. S. Zim. Weather..New York: Golden Prcss,
1965.

Thompson, Philip D., and Robert O'Brien. Weather (Life Science Library). New | '
York: Time Inc., 1965. : < -

- The books marked with an asterisk (*) are available in paperback editions,
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AN OVERVIEW
) i N -
The purpns.l' of Ye unit iv 1o develop a simple model for weather. In doing
s0, attentiof is focused on the agents that cause Air (o ris¢ {rom one level to
another. ' .

Chapter 1 examines thermal convection as the first agent The bchavior of
air 1s made visible by using a smoke bax. and vananons in temperaturc are
provided with hot and cold water. The concept of differential heating of surfaces
by radiant energy is developed. and the connection made between this differ-
ential heating and the -behavior of the ar.

Students are introduced to systematic visual and instrumental weather
obscrvations in Chapter 2. A weather watch that is to continue for four weeks
is started. Excursions are provided to help with some of the obscrvations and
records. ' : . o ‘

The question of what happens to the properties of mass, pressure, and
temperature of air as it rises is posed next. The particle model of matter i's'\
used to explain air pressure.and 1o predict the interrelationship of temperature =
and pressure in a closed system. Mcasurement of atmospheric pressure is
accomplished . with a student-constructed barometer calibrated against an

_aneroid barometer. - . ~
Moisture content of thi/ air is studied in Chapter 4. Measurement of this
_ property of air is made {n t mof dew point and relative humidity. The
*. necessity of condensation nuclei fo? clouds to form is ‘established.

Cloud formation is examined, Dsing the two variables of temperature and’
pressurer The particle model is used to explain why warm air nises, why pressure
on it ‘decreases, and therefore why clouds form over particular areas. The
concept of wind as a result of rising air is developed. S

In Chapter 6, the deficiencies of the heated-air model are noted,- and the
model is expanded to include lines of temperature diﬂcrcncc,.convlrgcncc, and

. » the effects of mounfains as cloud-forming agents. A system of notation on
weather maps is studiéd, and the technique of drawing iSobars practiced. Some *
_Vropenics of low-pressure areas arc cxamined. -

The final chapter identifies lines of temperature differences as fronts and,
by using scquential weather maps, shows that these fronts and the associated
low-pressure areas move generally from west to east across the country. With -
this idea in mind, and using the developed model, methods of predicting the
upward motion of air and the resulting weather conditions are studied. The
‘use of the daily observations of the weather elements to provide clues fore
approaching weather is summarized.- -

4
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GENERAL INFORMATION o o

Each chapter of the Teacher’s Edition contains an equipment list for that
chapter. The same is /true for each excursion. Also included on the first page
of the chapter is a stdtement of chapter emphasis and a listing of major points.

9

.
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The answers 1o certamn key questions are given an the body of the chapter
1 In addition, the last pape of cach chapter alerts you to preparations necessary
§ for the following chapter.
Among the matenals listed will be some atens thAt must be supphed locally.
You will need plastic tape, matches, scissors, and baby-food jars (both large
and small) in a number of the chapters and excursions. In additon. you will
need large cardboard boxes, ice cubes. thumbtachks. sand. crushed chareoal,
and wire coat hangers in Chapter 1; crushed e and ice cubes in Chapter 4.
black paper in Chapter 5: large plastic dry-cleaning bags Excursion 1-1:
) a 21 cm X 21 cm piece of glass, black paper, ruler or metersuck, timer, fine-
» point marking pen. and a drawing compass in Lxcursion 5-2; a pail. comb. “
and tape or clay for Excursion 7-1: and daily weather maps tor Excursion 7-3.
It would also be wise to have an adequate supply of paper towels for activitics
using water or ice cubes.

GET IT READY NOW FOR CHAPTER 1

Get your cardboard boxes. plastic tape, matches, scissors, and a good supply
of baby-food jars, along with the materials supplied in the equipment kit, ready
for the opeming activity. You will also nced ice cubes and some means of
keeping them, and a method of supplying hot water.

For the remainder of the chapter. you will need thumbtacks, about 100 ml
each of clean sand and crushed charcoal per student-team. and a supply of
wire coat hangers. Now would be a good time to start saving the daily weather”
maps from the ngwspaper so that you have a good sequence for Chapter 7.

—— - - el
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A pupil’s experiences between the ages of 11 and 16 probably shape his
ultimate view of science and of the natural world. During these years
most youngsters become more adept at thinking conceptually. SinCe
concepts are at the heart of science, this is the age at which most stu-
dents first gain the ability to study science in a really organized way.
Here, too, the commitment for or against scicnce as an interést or
vocation 1s often made. '

, Paradoxically, the students at this critical age have been the ones
least affected by the recent effort to produce new science irstructional
matenals. Despite a number of commendable efforts to improve the
situation, the middle years stand today as a comparatively weak link
science education between the rapidly changing elementary curriculum
and the recently revitalized high school science courses. This volume
and its accompanying materials represent one attempt to provide a
sound approach to instruction for this relatively uncharted level.

At the outset the organizers of the ISCS Project decided that it
would be shortsighted and pnwise to-try to fill the gap in middle
school-science education by simply writing another textbook. We chose
instead to challenge some of the most firmly es_tablishea/?_o“xicepts
about how to’ teach and just what science material can and should be
taught to adolescents. The ISCS staff have tended to mistrust what
authorities believe about schools, teachers, children, and teaching until ,
we have had the chance to test. these assumptions in actual classrooms
with real children. As conflicts have arisen, our policy has been to rely-
more upon what wc~shw'happening in the schools than upon what
authorities said could or would happen. It is largely because-of this
policy that the ISCS materials represent a substantial departure from
the norm. o o

The primary difference between the B§CS program and more con-
ventional approaches is the fact that it allows cach student to travel

- 4 -
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at his vwn pace, and it permits the scope and sequence of nstruction
to vary with-hisinterests, abilities. and background. The ISCS writers
have systematically gried to give the student more of a role in deciding
what he should study next and how soon he should. study 1t. When the -
mategals are used as intended. theé ISCS teacher serves moreas a
“task caser” than a “task master.” 1t is his job to help the student
answer the questions that aris¢ from his own study rather than to try
to anticipate and package whakthe student naeds to know.
There is nothing radically new 1n the 1SCS approach to instruction.
Outstanding teachers from Socrates to Mark Hopkins have stressed the
need to personalize education. 1SCS has tried to do something more- .
. than pay hp service to this goal. 1SCS™ major coptribution has been to
/ design a system whereby an average teacher, operating under normal-
_ » constraints, in an ordinary classroom with ordinary children, can -, .
5 ‘ decd give maximum attention to each’ student’s progress. '
. - _ .The development of the ISCS material has becn a group effort from
: » the outset. It began in 1962, when outstanding educators met to decide
' ... what might pe done to improve middle-grade science teaching. The
' . recommendations of these conferences were converted into a tentative- . )
plan for % set of instrucuonal materials by a, small group of Florida+ .
: State*University faculty members. Small-scale writing sessions con->
N ducted on the Florida State campus during 1964 and 1965 resulted: in: St
pilqt curriculum materials that were tested in selected Flonda schools -
during the 1965-66 schogl year. All this preliminary work was sup-
ported.by funds generously\provided by The Florida State University.
In Juge o(%’.%é(ﬂnancial $upport was provided by the United States
Office of Edfication, and the preliminary effort was formalized into
the ISCS\Project. Later, the National Science Foundation made sev- ,
eral addi grants in suppdrt of the ISCS effort.
) * 7~ The firft drift’of these materials was produced in 1968, during a
- ' summer writing conference. The conferees “were scientists, science _
' educators, and junior high school teachers drawn from all over the '1
Uhited States. The original materials have been revised. three times .
b . prior to their publication in this volume. More than 150 writers have - '
: : . contributed to the materials, and more than 180,000 children, in 46
. ' states, have been involved in their field testing: ' .
f ~ - We sincerely hope that the teachers and students who will use this _
; a , . material will find that the gregt amount of time, oney, and effort ’
| - _ that has gone into its developmgnt has been worthwhile. B

wwwee == ollahassee, Florida - The Directors + | }

w o ’ February 1972 - . INTERMEDIATE SCIENCE CURRICULUM STUDY ot
. . . . . . \ ‘
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The word science means a lot of things. All of the meanings are “nght,”
but none are complete. Sdience is many things and is hard to de-
scribe in a few words.

We wrote this book to help you understand what science is and what
scientists do. We have chosen to show you these things instead of
describing them with words. The book describes a series of things for
you to do and think about. We hope that what'you do will help you
learn a good deal about natprc and that you will get a feel for how
scientists tackie proplems.

Low is this book different from other textbooks? '

This book is probably not like your other textbooks. To make. any
sense out of it, ‘you must wark with objects<nd substances. You should
do the things described, think about them, #hd then answer. any ques-
tions asked. Be sure you answer each question as you come to it.
The questions in the book are very importani. They are asked for
threc reasons: ., - \
1. To help you to think through what you'see and do. °
» 2. To let you kpow whether.or not you undgrstand what you’ve done.
3.-To give you a record of -what you have done so that you can
use 1t for TCVicw.

L

How will your class be organized?

" Your science clas$ will probably be quite different from your other

classes. This book will let you start work with less help than usual
from your teacher. You should begin each day’s work where you left
off the day before. Any equipment and supplies needed will be wait-

ing for you. o \

[~




T Y T [T S "
VS Y ST e Y A st b P SO LT Pl i & o EPPL P i . e st e N Y e . asag) .
x v L s b 4 v ' 2 i3k L prags 2 TR sopies s 2 AR e

’

Ygur teacher will not read to you or tell you the things that you are
to Jearn. Instcad, he will help you and your classmates individually.
;- ry to work ahcad on your own. If you have trouble, first try to
solve the problem for yourself. Don’t ask your teacher for help. until .
you really need it. Do not expect him to give you the answers to. the
queltions in the book. Your teacher will try to help you find where
and how you went wrong, but he will not do your work for you. _
After & few days, some of your classmates will be ahead of you and
others will not be as far along. This is the way the course is supposed
. to work. Remember, though, that there will be no prizes for finishing
~“first. Work at whatever speed is best for you. But be sure you ulfder-
stand what you have done before moving on. '
Excursions are mentioned at several places. These special activities
are found at the back of the book. You may stop.and do any excursion
that looks interesting or any that you feel will help you. (Some ex- : s »
'~ curdions will help you do spme of the activities in this book.) Some-
. umes, your teacher may ask you to d¢ an excursion.

.

What arp | expected to leam? ‘
Duri;g the year, you will work very much as a scientist does. You
should learn a lot of worthwhile information. More important, we
- hope” that you will learh how to ask and answer questions about _
- nature. Keep in mind that leagning how to find answers to questions is - - >
Just as vpluable as learning the answers themselves. _
K#ep thé big picture in mind, too. Each chapter builds on ideas y
- already dealt with. These.ideas add up to pome of the simple but ) N
powerful concepts that are so important in science. If you are given a . ‘ ©r
. .Student Record Book, do all your writing in it. Do not write in this Loy ’
" book. Use your Record Book for making graphs, tables, and diagrams, - ‘ o
tOO, — '. .
From time to timé you may notice that your classmates have not ' : A
- always given the samé answers that you did. This is no cause for A , e
WOITY. There are ‘many right-answers to some of the questions. 4gd |
in some cases yQu may not be able to answer the questions. As a - \
* ‘mitter of fact, no one knows the answers to some of them. This may .
~ seem disappointing to you at first, but you will soon realize that there . ey .
is much that science does not know. In this course, you will learn ° '
A .. some of the things we don’t know as well as what is known. Good luck!
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EQUIPMENT LIST Hoavy cotton glring, 12 cn long
Rk Matches
Scissors

1 cardboard box.-30 ¢ x 30 cm x 60 cm  Baby-food jar, - CHAPTER bMPHASIS

Ctear plaslic 'wrap Ice cubes or ice water A
Plastic tape . Hot water Hot or ¢cold suitaces have dittorent ottects on

2 plastic straws . 1 alwnindn pan the air over thum. Various substanges ale
1-large air. piston 1 pegboard balance rod . heated unequally by radiant enqrgy.

1 wir® support

2 small paper bags

_Air Has Its =~ :lumooee o Chapter1

Is Styrofoam cups

U d D 5 thermometers
1 ps an Owns 1 150-watt lainp and socket MAJOR POINTS , .
T ' Extension cord 1..By watching the behavior of smoke partis
' 100 mi clean sand cles as they pass over surfaces whose tem-
100 mi crushed charcoal peratures are different you can Infer how the
Coat hanger : invisible air is behaving, i.e., that a) air moves
- downward over colder surfaces, and .b) up-
ward ovar warmer surfaces.
. 2. The 1dea ot force developed in ISCS,

Par student-teaimn

- ovar areas, of difterent temperatures.
3. The particte model of mattar is usec to
explain why a volume of warm air has le3s |

LIS

-
Epe \

P

~\

Excursion 1-1 Is\ieyed to this chapter.

. " . T inass than an equal volume of Cool air, e, °
according to the particle model of matter,
How would you 1 rke, to be able to explain -the formauon of  particles of wam air are farthér apart than the *

..a giant thundercloud like the one shown on tiqq facing page? | particies in codl air. ™
uA hi b » Perh b ible. To d ) 4. Cold air, beipg heavier thane warm- air,
toug Jo you say. rer aps, ut.not lﬂlpOS%l ¢. 1o do -8inks, pushing th¢ warmer air upward.

it, you'll'need-to find out a few things about air, water, hca.L\S Laboratory observations jead to the follow-.
o .

’ ’ ing conclusions: .
‘arid the earth’s surface. You’ll need to know how these vari A" The temprature of some substanices gour

bles interact to produce changes in the earth’s atm()spheu . faces) changﬁ more than that of other s
t

s stances whorMthe same amount of .gadi t
‘These a:;lmospherw}chdnges are what we-call “weather.”. Qf . _enorgy strikes thomi. (Graphs can b ueed to
. course there is mo

to weather than a thundercloud. HO " show these dnerenceB mrqtes of heaﬂng and

“ever, old cumulonimbus is an exciting fellow. S . cooling.) e
B. Air above a surface Is ‘warmed or cooled .

Your first task is to find out how warm_and cold surfaces . “py that surtace.

“affect air. You will need to make an observation box if one -C. Solar radiation causes differential heating
of different garth surfaces, and this’In turn .

isn’t already avaﬂable‘ To dO l;hlS, )’ ou’ll need 1hc fOllOWlﬂg oauses differential heating of the air over the

< i materials: L R o - surlace, causing up- and-_dgwn air cum?nts

e
) - -

'..,;..-_. ) . o '

avi b cardboard box (about, 30 cm X 30 cm X 50 cm)

CEY

e
o s Once made the observation boxes can be
Clear plastlc fOOd wrap L ' ) e : . used by other students. NotcHhat they will be -

uaeww Plastlc tape ST .-'-"'-""': RN ' . j' ' - ... used againin Chapter 5: S
lplasncstrcrw b e o SRR |

\

—Lovel I is used to_explain_the moticn. obL-air-— —
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ACTIVITY 1-1. Remove otte side of the box; then cut a window

You should supervise the construction ot the y R 1 N
boxos rather carctully, ih light ot the tact that in two sides as shown. But leave about 3 of the top Intact.
they will be used repeatedly here. and later in < Tape plastic foad wrap over the windows so that they are

the unit. . alrtight. In gne end of. the box, cut a small hole just large
“qnough to insert a plastic straw.

Do nat

cut out.

Tape

-Plastic « = - -
food ’
wrap -

-

. Remove side -
of box.

N

'S : . . . . - . .y - - ‘s l,

| Studying .the behavior of air 1s a bit difficult because air

Note the Inference here. In Level | of ISCS,  is a mixture of invisible gases. One way to study air 1s t.

students identitied the presknce of something ; . : FPPRTS: . . .
(a force, for example) by the effect that it had add smoke particles to it. By watching what happens to the
on something visible (the force-measurer smokc you can deudc thl mVlSlblL dlr 1S dOln"’ ]hL next

_ blade). Here they are going to identify jir

movement by th eﬂect it has on the smo
particles. © Xou will need the iojlowmg ——

| large air piston - - ~ Scissars
1 plds‘uc straw T. ,..B_aby-‘-fooc_l jar
Hcavy cotton string, 12 cut tong " of tap water -
‘Mahes.

k
'\ . .

S E—— ——

 TESSeexsS Plece .
A e of Straw. ¢
K—n—‘-“cﬁ.‘—.‘—"' : - " Vaom

ACTIVITY 1-2. Cut the straw into 4- to 5-cm lengths. Cut the
string into lengths of about 4 cm. Double one of the pleces
of string twice or mgre until it will fit snugly in the end of
‘a plece of the plastlc straw. Leave about =~ ¢m of the doubled
string sticking out of the straw. Repeaf the procedure for the

2 CHAPTER 1 . - other pleces.

22
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ACTIVITY 1-3. Slip a section of the prepared straw onto tho
air piston. Light the string, being careful not to melt the straw.
Collect smoke In the cylinder by slowly drawing oyt the
plunger. Remove the straw and lay it aside where it worfg burn

. anything. You may need more smoke later. )
A L 4
.No you are ready to see how warm an¥ cold surfaces
«affect
“you coﬂeclcd in Aunv:ty I-3.

ACTIV!TY 1-4. Place a pan of cold water (ice water or even
ice cubes if’ posslble) inside the observation box. Be sure the

—....Straw Iis. in place through the end of the box. The end of.the .

straw should not-be over the pan of water.

ACTIVITY 1:5. Insert a smoke-filled air piston Into the straw
‘of the observation box. Gently force smoke through the straw

into the box'so that it moves very slowly over the cold water. '

Observe what happens to the smoke.

. ‘,,. . )
"t . to. oy ’

'f‘”k‘g i
o "“3

ir. You will use your observation box and the smoke

Piacy,
ot stralv

if you wish 1o keep the amount ot smoke 1
theroom to a mintmum, you may have sevgral
groups draw smoke from lhe gamelsource.

. Keoping the water cold (or hot for the next

saries of activities) can present a problem. 1t
you have worked out an ice-cube supgly (cat-

eterla, perhaps)..a Styrotoam chest or.ice ...

bucket Wil be valudble toerkeeping the cubes.
A hot plate would bo best tor<the fhot” water

-supply: an atcohol burnar will work. but not

as well. It might be wise to give a fow words
ot caution about sloppiness, as well as about
satety with the hot water and the heater.

v

Careful dbservation is necessary here and
with the hot water that follows. Students tend”
to rush throuqh the activitios without takmg
time to see what really happem,

CHAPTER 1 3




{ J1-1. Desenbe what happened o the smoke as 1t moved
into_the region above the cold surface.
L . .
Repeat Activities 1-3, 1-4, and 1-5 using a pan of hot water.
But don’t throw away the ice. Other students may need it

(7]1-2. Describe -what happened to the Smoke as 1t moved
into the region above the warm surface. |

1fyou studied Volume 1 or Volume 2 of the ISCS program,
you learned that . a change in motion of something oceurs
only if'a torcc 1 dctmg ﬁpon it

S

R s T i

4w Sa)

e AP e O

1-3. In earlier ISCS work, a'force was detined [ ]1-3. How do you know that some force acts on the smoke

as sométhing that gauses a chanqe in shape

or & change in motion of a body. It was oasier 3 it moves into the rchon above the warni or the cold
. -then to measuro the change in shape; now a sur fa(,e'7

change in motion is more apparent.

Xy

Figure 1-1 illustrates the smoke-filled air as it moves above
the surface of the cold and the hot water.

ey

-
i

Y
.

S e

Ry

Figure 1-1

Iy

Vs

XL A

TN

Cold water ' : : ) Hot water
[ ]

1-4. The grrows 'should be vertically up or
down, even though the smoke may not rise

“[d1-4. In Figure 1-1 of your .Rccord Book, draw arrows
or sink exactly vertically. i mdxcalmb the direction of the toxce acting on each of. the

smoke streams.
The upward motion of the smoke above the warm surface
~ suggests -that the air is rising. This updratt pushes the smokc
along wuh i :

B s ’D1-5 What does the smokc movement u.ll you about the
©~ 4 _'CHAPTER.1 . ~ ' motion of air over a cold surface? ' -

o eresEy
. a

2y
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The vertical (up-and-down) movement of air is very im-
portant in producing wehather changes. But how can this
motion be explained? Putting an activity together with the
particle model from ISCS Volume 1 can help.

Get a partner and the following materials for this activity:

L]

I pegboard balance rod
1 wire support for rod

2 small paper bags of equal siz¢
2 thumbtacks of cqual size

1 alcohol burner

Matches

" TTTACTIVITY 1-6. Set up the belance rod and wire support ‘as
shown. Fasten the two paper bags to the balance rod, using
the thumbtacks. Balance the rod by moving the sliding clip.

~ With the rod held stationary as shown, hold a lighted alcohol
‘burner about 15 cm below the open epd 6__1 ‘the bqg on the
right. * r
Caution Be careful not 1o let the bag catch fire! Keep the
burner under the bag for 30 seconds. s 4

ACTIVITY 1-72 Remove the burner, extinguish it, and gently
let-go of the bar. Observe the bag for several minutes. ™

DAY ) ) o . J

.

. Balahce

»" ’

. [J1-6. Describe your observations from Activity 1-7.

F11-7.. According to your observations, which has the grc?xwr -
mass, the bag of warm gir or the bag of cool air? '

'-“-“ ! . . . ’ . . .- . ‘,’ ’ e

X Y S

-

Algohial buisin wio used tar tha tuat ing I
would probably be a yood opporturily to ré-
emphasize lab stfely, aupocially concerning
the dispensing ot alcohol tor the burners.
Make It standard procedure never 1o hil any
burnars while otl u¥r lighted burners are on the
table It possible, Wi them in a sepaate roon,
Wipe up any spitls immediately Avoid lotting
tumes concentratg in the room. Don’t walk
around the room with a highted burner. Don't
iet the flame continue whon the tuel 15 gone
Don’t hll burners more than about hall full.
Don’t have too much wick exposed. Keeap
capped when not in use:

o

After observation, the students should use
Gare-in removigg the bags from the balance
rod. There is no rgasor. why the same bags o
cannot be used several times if they don't
catch on tire.-Emphasize satety here again.

“What should be tiie procadue it a bag does

catch on fire? Would it be wise to have a pail
ot water handy for dunking it? '

-
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You may want to refer students to the Volume TFhe particle model for matter from Volume 1 of 18CS

I particle modet montioned hero, if toxts aro . e frn . . . T v articloe ot N
available, It is discussed in Chaplor 21 of the  SUBECsted that heatng a substance causes the parucles of the

Lovdl | text, and In Part B of Excursion 1.1 substance to spread farther apart. Thus. the particles in warm -
i the Level il toxt. ' . air can be thought of as farther apart than the particles in
cool air. This idea is tllustrated in Figure 1-2.

Figure 1-2

., Partticles cise together Particles tarﬁpar‘t_

S Ben S e e

A

o

el

’

s

« Cool air  Warm air

A

[11-8. The bags shown in Figure 1-2 have the same volume.
* Which has ‘more gas particles per volume? o

g e S L S

¢

It seems réasonable to- think that the bag with the greater
number of air particles will have more mass and therefore
“be heavier than the bag wrth fewer particles. Because the.
. bag of warm air 1s lighter than the bag of cool air, it is pushed
NG . upward by the heavier, cooler air that surrounds it. ft be-
' ) o haves somewhat like a cork_that is held under the surface
No intensive work has boen done'in the pre-  of a liquid. Just as the heavier surrounding water pushes the
Sﬁ.dégﬂéi‘(f’&?i@ﬁéﬁ}iﬁfﬁ oy e cork up when itis releascd, so also the surrounding heavier

" gork analogy, should suftice. ~air pushes the lighter, warm- air up (Figure 1-3). S

Figure 1-3 = - (
‘ o {“;
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Balloons of all sizes, some carrying animals and machines,
havé been propelled upward by the ift of hot gases. Man’s
first flights into space were aboard such hot-air crafts. Per-
bwps you’d like to try making your own balloon. If so, get
d partner and get going on, Excursion 1-1.

The fact that warm air rises and cool air descends will
prove to be very important in helpiing you explain weather
conditions.

. e

sunlight, or the lack of it? Does the earth’s surface have

anything to do with this cooling and warming? '
Get a couple of partners to help you find the answers to

these _questions.- Your_team will neegd the. iullomug cquip-. ..

I cups in‘a arcle.

' - . i - : . _'\‘ < I‘\.":‘\.l "“:l‘ ;.
- Wet charcoal =" - _ “-.\.f.«!.ﬁ ~

ment: , .

5 Styrofoam cups - .
5 thermometers

Scissors

1 floodlamp (or 150-watt bulb)
Water at room tcmperalurc,: '
Dry sand

Finely uuﬁcd dry charcoal

ACTIVITY 1-8. Carefully cut the 'tops off the five cups about
3 cm from the bottom. Save both tops and boftoms of the
cups. )

9999 =

ACTIVITY 1-9, Flll one cup with water at room temperature,
one with dry sand, one with wet sand, one with dry crushed
~ charcoal, and one with wet crushed charcoal Arrange the

¢ - /,D__rysanq '.

- Wet §and

B NVater

But how is_the air cooled or warmed? Is it a_result_of

Excurmion 1-1 should ba tun, but it doas re-
qQuIre soime suparvision. U also roquires that
a large plastic dry-cleaning bag be brought
In from home

! EXCURSION I

Clean air dorives very littlo, if any. of its heat
dl{_cc_t_l_! from the sun. In other words, in the
solar heating system tho radiant energy
passes through the atmosphere to heat sur-
faces that absorb the +ays. These surfaces
then pass the heat to the surrounding air by
conduction, and this heat Is carried aloft by

..~ convection. The solar-radiation -and-the-airdo--—

not constitute a subsystem, because they are
not directly related.

N .

Charcoal briquets will work fine “when

_ crushed. This can be a messy operation, and
" it was suggested that you might want 1o do®

it ahead of time in your preparations for the -
chapter. Sand and crushed charcoal can ba -

kept on the supply table in jars, and students” -

can return the materials to the respectwe jars
upon completing the activities. Be sure to
have separate jars for wet and dry sand, and-

wet and dry charcoal.

GHAPTER 1 7.




1)

e

s . R

W ACTIVITY 1-10. Place a theygnometer in each container: Each

If the thermometer bu s coverod oo 1’
. deeply, it will requira too WG a Ume for heat thermometer bulb should be covered by no more than , cm of

1o penatiate by conduction. _ material.

P

S TR

charcosl charcoal

R j'._ [P
= yuriitan-o

-

“ :
ACTIVITY 1-11. Hang a 150-watt bulb about 30 cm above the
center of the circle of contalners. Don't turn the light on untii
you have recorded the initial temperature for each container.
Record your readings in Table 1-1 of ypur Record Book.

R

e, mean
o ln S A

+ -

_You will probably want to rig up some manner e \
\ot supporting the iamp 30 cm above the con- )
tainers. Three metersticks could be used as
a tripod; two pegboards on end with a meter-
~ stick between them will work; bogks can be
‘stacked for the same purpose, Two sotups
should suffice for tho whole ciéss, leaying the
appRaratus in place. ' . X

]
r

Fldodlamp or
152—watt bulb

’

 Temperatures should be taken 1, 3, and 5 minutes after
U T the light is turned on. Then again 5 ininutes after the light
% 8. CHAPTER 1 - isturned oft. - IR _




Table 1-1

'Jn

«

TV

THERMOMETER RLADING Q)

v

Light Off at .

1,

Light Tlu ned On

Light OIf

~ Beginning of . Aﬂcr : 1 Afer After Alter 5 Minutes
R Material Experiment ~ | “1 Minute_ | 3 Minutes 5 Minutes ~ Cooling
Wator_ SRRSOV £
. Dry sand '
-
e & s eeemtree o} e o 1 o it reeton 8 ..,.._.W'e‘..sand. R RS S S SRSV S VRSNSOI SR SRUPOY TEPUUSRNS RS RSpUEITEY (U5 VO S
/ o
o Dry charcoal o

Waet c_harcoal

Graph the data from Table 1-1 on ln;:,uu, 1-4 of your
Record Book: On the graph, cach of the five sets of data
should be represented by a different line (see l\cy) Number

the temperature lines at left so that the be nning tempera-

tures are near the bottom line and the higliest temperature

reached in any material is near the top. Rémember that the -
temperature divisions on the lines must rcprem,nl equal
. degree ihtervals.

T{me (in mlﬁyteg)

ve
—
B B
\
o ] .
§ _
£ A
o s \
2 ' '
(.E 3
2 ' |
&
=
4‘.
0 1 3. 4 &

10

5!

Figure 1-4

Key,

-

\Water
Dry sand
Wet sand

Dry_’charooal

Waet charcoal .

Some studaents méyuslill noed help in con-
structing or interpreting graphs.

A

- o s o
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1-9 through 1-13. Thae dry solids heated more
rapidly (and cooled more rapidly) than the wot
ones. The slpwest to heat was water, The
probablo order, from greatost temperaturo

change to leagl, would be dr chargoal, dry
sand..wol nu&nul,.wm_sm “YQML.'Q[.QP"‘

the heating arld the cooling. }f better students
""ask why this i3 80. you can explain that it is
~due to a combination of factors: (a) how much
radiant enargy is absorbed and how much Is
_retiectod (dark substances are better absorb-

ors than light; water s a better refiactor): (b)

what the specific heat of the substance 1s
(how much heat it takes {0 raise the tempera-
ture of a unit mass of a substance one degree;
water has the highegt specific heat); t¢) what
" the mass of tho substance Is; and (d) even the
wavelenath ot the radiant energy (some
wavelengths are absorbed better than others
by’ certain substances). . . '

K 4

I3

_than the same solid when wet?

-

The same light shone equally on all the materials for the

“samg period of time. Yet the temperature of some maltcrials

increased more than the temperature ol others. -

¢ A
[]1-9. Of the dry materials, which showed the greater -
perature change, the dark (charcoal) or the hight (sand)?
Whish cooled. taster?: '

[11-10. Of the wet solids, which showed the greater ymper-
ature increase? : -

[11-11. Did the dry solid show more temperature increase

(F11-12. Did the lcmpératur,c of the water increase as much
as, the temperature of the solids?

[11-13. When the light was tuined o-ﬂ‘, which of the sub-

stances cooled the. most in -5 minutes? ;

This last investigation you.did should have made a couple
of things rather obvious:

1. When light reaches a surface, the lcmpcruturc-()f that
surilice will increase. ' :

2. Different kind$ of. surfaces show' different rates of heat-
ing and cooling. L o

It is reasonable to expect that the air above the carth’s

d l’éy that surface., ‘
o - N t"':_“ ) .:L

AY

Coolur air

. - 9. . - -

- T
. T~
R = =
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_ next.

n

From time to time in this unit, you will be asked to do
what are called Problem Breaks. These are problems for you
to solve, without much help from your book or from your
teacher. The problems will usually help you understand what
you are studying in the chapter. But that's not their major
purpose. They are’desighed to Bive you practice in problem
solving and in-sctting up your own expe¢riments. You should
try cevery problem break-~cven the tough ones. And in most
cases you should have your teacher approve your plan before

“trying it, The.first problem break in this unft is coming up

This is the tirst problen] break in the unit
help and

( direction is glven, with t (5 in mj

ety

Y e — e+

I b N o s S sha frtsm s, e 4 W

B3

2

""""" “may want to thack rathor\gosefy to seo that

students are following through on their exper-
imgnting, and not just cQpying from one an-

" PROBLEM BREAK 1-1 -other. And they might be urged to go a littie

It has been suggested that the air at different points on
the carth receives diflerent amouynts of heat from the earth.
The amount of heat depends on the kind of material that
15 beneath the air. But is this a reasonable idea? You can
find out with a few mcasurements in the area around your
school. Design your own plan for collecting data. A sugges-
tion for preparing your thermometer for outdoor use follows.

-

ACTIVITY 1-12. Bend -a coat rlianger as shown. This can be

used as a thermometer support.

d. You stll

beyond the stated probtem. For In@.lance, are
there more than 4 difterent kinds of surfaces?

M oair tamperature. ditfers close-to the ground - -

what about the vanation at. say, 1 meter
above the ground? 2 meters?
SR

[y
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b
Note the constraint to yet your permission 0
go outsido. Ytu might want to’spend a littie
class time distussing the esponstbilities that

accompany the priviiege Then 100, Yyou

should investigate the administrative appro- -
vals that are nacessary beforehand. Theie will -

be several places-in the unit that will call tor

outdoor activities, sometimeos quite trequently.
Chapter 2 and subsequent chapters tor the

weather observations, Excursion 1-1 with the
hot alr balloon, and Excursion 5-2 in workin
with a nephosgope are examples. i

Did students remember to control the radiant
energy variable—readings .in sunlight or In
sha\dow? : .

*

~ 1-15. Fhe explanation given should be in
terms of up-and-down motion of thg air, and
not relative to the pilot’s maneuvering of the

- ferap. o o ;

LY

.

12 CHAPTER 1. aw
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ACTIVITY 1-13. To Insulate the thermometer from winds out-
doors, use the bottom of a Styrotoam cup. (You cdn use one
ot the cups from Activity 1-9.) Then suspend the thermometer
from the coat hanger as shown. ) o

' 5
v

u

o

Thermometer

~ _ cup

3.

Get permission from your teacher to go outside to locate
at least four different kinds of surface as close together as
possible. Be sure to get your, temperature measgrements in
the ®me way at cach place. o

In the space provided in your Record Book, record your
plan, the data you collect, and your conclusions.

[]1-14. Did the temperatureof the outside air vary, depending
‘upon the surface under it?

The temperature of the earth’s 'Surt’a'g‘t’can be expected
to have quite an cffect on the up-and-down motion of the
air above it. This air movement has a great cffect on weather.
It is the first step in building the thundercloud mentioned -
carlier.” * S ' -

. You might find it interesting to know that up-and-down

_ air has some real gffects on aircraft. ' C ‘
_[11-15. Exptain the motion of the glider shown in Figure
B CU : L ' . : .




a

Cool suitace Warm surface

Before going on, do Self-Evaluation 1 in your Record Book.

[y

aQ

-

' GET IT READY NOW EOR CHAPTER 2

You are faced. with the problem (if you have
not already sofved it) of locating the .weather
instrument furnished in the kit. Note that two
are furnished. with the (dea that i one could
_be placed outdoors, the other coulld remain
in the classroom for instructional and refer-

ance purposesi There are at least 3 possible

splutions for the weather watch: (1) {f security
will parmit, mount the.instrument in a persma-
" nant position so that it gets the unobstructed
wind from ail difections. The location must be

) accosalble to the students for reading, and '

relatively sate t¢ avoid-damage. Screws tur-

nished ‘with the: instrument may be used to «

- fasten it to an upright support. It should be
oriented with 'S!" pointing true north.

(2) it danger from vandalism is too great and o

. - you cannot leavé the instrument outside. you
" wm hnvo to dewise a mcthod tor making it

¥

portable‘. This might be dona by mounting it
on a 2 x 4 support or other upright about
2 metars long. You will nded a permanent*
base support set up outside 3o that when the

ingtrument | carried from the bullqng and -

ergcted, it is alwayo oriented in the proper
direction. The location should still be oné that
has no obatructions for the flow of wind. Note
that in this case the rain gauge will be in.

operative because the instrument will not be

in a position to catch the rainfail at all times.

" Perhaps you can supply the data on daily -
. precipitation trom newspaper, radio, or TV
" weather reports. (3).Your schoot may have

a permanently mounted, remote-reading
weather station; data couid be collscted from

-this every day. _
The student weather watch i$ to continue for -

4 weeks, s0 an adequate and reliable solution
to the pmblom ‘is of utmost importanco
Y
v

'CHAPTER 1.
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EQUIPMENT LIS1
t

Per class

2 weathar instruments

N

. Excurslons 2-1,2-2, and 2-3 are keyed to this
chapter )

Everyone is mlerestcd in the weather, and almost everyone
‘ties to predict what jt will bg. Some folks spend all their

_time studying weather patterps. These people are called me-

teorologists. They want to be able to ‘explain  weather
changes, and they try to make accurate forecasts.

As you continue your study of this unit, you will do a bit
of your own weather forccasting. What you have learned
about air will help. But you will also need to collect data

- -._on daily weather conditions, To do this, you need to cstabhsh

a.“weather watch.”.

. You will need a record of the daily weather in your ity

or town during a period of about four weeks. To get this
" inforination, you'll need to keep a weather watch—repeated

,__;hecks of weather instruments. Durmg your weather watch, -

- you ‘will measure certain weathér-variables every day, in-

cluding weekends. As far ws possible, measurements should
* . be made at the sgme time each day. Most of the measure-
- - merits will be. made using an instrument like the one shown

. in"Eigure.2:1. Or, if your school has one, data can be col-

= '.:;""lectcd from al Weathcr station. that has severa-L different i m-_' _

CHAPTER EMPHASIS

Regular. systematic observations of 8 difter-.
ent faclors are begun for a 4-week period.

Chapter 2

MAJOR POINTS

1. An important procedure in making reliabla
observations 15 to control varlablee such as
timo of day. :

2, .Each separate weathor measurement s a
variable that cannot be controlled.

-

YOUR--
SELF.
WEATHER
"WATCH

L s
. - ~
4 -

3. Temeerature redings on dhe scale can be
converted to another scale. .

. 4. Wind direction is recorded as the direction

[

from which the wind blows.

")‘ .
5. Symbols ¢an be used to- designate some:

weather observations.

6. In_rough figures, 10 inches (25 cm) ot

snowfall equals 1 inch of rainfall.

If you solved the problem of students maklng
their own weather observations, the entire
unit will mean more to them. Behaviorally, it

*will increase their awareness of Weather con-- -

dition&,_and of ‘the. interrelattonshlp of the
weather variables. Moreover, it wifl.give them
a fesgling for systematic scientific observation

. anddata recording over a long period of time..

15




Figure 2-1 Rain gauge

] ‘lndlcates
_wind direction

": . Students will need some encouragement {and

- proddirig in some cases) to be systematic and
~ regular in weather observing. This will be
especially trua as they get into the latter part -

. of the 4-week period. Depending on how you

solved the weather observation problem, you

: " may want to have teams take dally observa-

_ tions, with a different team doing it each day.
Thé data then could be made avallable to the
.entire class for the individual charts. But it

" ‘would.be better If each student could make
* . individual observations.

The "Convarsion Excursion,” 2-3, Is keyed in

"+ -.the note on pagée 14. It is usable at this point -

~ for gonverting Fahrenhait to Celslus.

+":  'Point 4 may require reinforaing. -

16 " CHAPTER2 °

indicates
wind speed

Tt .
In your Record Book, you will ﬁnd a wcather-watch chart

similar to the one shown in Table 2-1. Keep your four-wu:k

weather-watch data in this chart.
Here are some suggestions on how to mdke and rccord
your observatxons. ~

1. Date Record the date you take your ruadmg

2. Time: Record the time you take your readmg

¢ 3. Read the temperature in degrees Fahrenheit to the

- nearest’ degree on the weather-stauon mcrmometer. ‘
‘Convert to degrees Celsius. -

~ 4. Wind direction: Use the wind direction on the weather
station. Remember! Record the dxrccuon from which thc
wmd blOWS _ . .

“" . »
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" 5. Wind speed: Use the wind speed ih@;cator on the
. wedther station. Record the high and low wind speeds.
observed ‘over ‘a one-minute period. For .example:
“From 5 to 8 miles per hour.- -~~~ .

-Excursion 2-1, “Blowin’ in the Wind,” will help you use
the ‘wind speed and wind direction _indicators. on the

6. Cloud type: The photographs in Figure 2-2 show. the .

", three major types of clouds ‘(cirrus, stratus, cumulus).

;! (Excursion 2-2, “Billboards of the Sky,” will help you
. identify additional cloud types.),Use these various pic-
-~ . Huregto identify clouds as you keep your weather watch.

- .- ‘_.l‘f?.{?» Wl‘ltc down onlythe ’symb()l fOr the namé Of the Cloi](_i y
- in Table 2-1. These symbols are given under each pic-

ture in Figure 2-2. - #7007 -
g

4
.,

It might be wise to check Table 24 in the

* " Record Book carly in the 4-week periad so

that students will be aware “that they. must
record observations daily. !

. Note that the last three rows (pressure. rela-

- tive humidity. and dew point) will not he filled -
in at the beginning. Presgure will be agded in
Chaptor 3, relative humidity and dew point in
Chapter 4. . T s

¢
.

_‘.‘ .4 -, » . \ :

- Witﬁ the Ihstructlons to the students_ to make

observatigns on tho_weekends, it will be help-
ful for them to do Excursion 2-1. The excur-
sion contains the visual clues to the Beaufart
scale ol wind speeds. They might copy the
table to take home with them for weekend
use

R EXCURSION I8

._"

R EXCURSION B

Excursion 2-2 is an interestihg pictorial expo-

~ sition of common cloud types that should be

helptul.. | -

 ‘CHAPTER 2" 17
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2-2a Cirrus clouds (Ci) ¥l I

E Figure 2-2b Cumm}us clduds (Cu)
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; You will nged large and 'small baby-food fars,

plastic tapa wnd sclssors or knite supplied

locally. You could also use more lca for Prob-

lam Broak'3-2. The anerold barometer should

be mounted permanently in the room. and

should not be moved to student desks or

.carrlad around the room. it can be adjusted

‘to dtmospheric pressure corrected to sea

level by calling the nearest Weather Bureuu

Station, or by comparison with an already

Teorrgcted barometer.” T T T T

Y,

- S

~

1)

L2

Figure 2-2¢ Stratus Clouds (51)

. Cloud cover: Estimate how much of the sky is covercd : p-
by clouds. Use the following symbols to record your :

data: O for clear sky; (W for 25% (3) of the sky covered
by clouds; @%r 50% (3) of the sky covered by clouds;

for 75% (3) cloud cover; @ for complete overcast.
8. Precipitation: The rajn gauge on the weather station Tha rain gauge on the Instrumant can prave
will kcep track of rainfall for you, Rainfall for a gnven‘ ,to be a problem: Not oply must.the instrufngnt

day is mount. of . new water in the cup since the  be in place all the time to catch the sain: but
ay is the amo P " the gauge.should be emptied each day. at the.
day before Snow is also precxpntatxon Measure lhc .same time. That means that students’ taklEg I
‘depth of snow at some point where it has not drifted.  readings atter that time:will need to get t
f a daily rainfall trom those who emptied the 2
- To determine the rainfall equivalent of snow, divide the 366 Each time the glass is emptied, the

number of centimeters of snowfall by 25. (Or, if you . slider on the top. can be moved the appro-
;priate amount to record the total raintall for

measured dcpth in mches, dmde your measurement by 4 particular period. Note aiso that the 10-to-1
10) N - “ratio for ‘snow to rain s only a generality. Wat,

heavy snow may have a ratio as low as 6-to-1,
9 In rows 9, 10, and 11 of the chart, you will add several . (0O o dry. Mlutly, new-fallan snow the ratid,

- more items to your data table as you study the remain- . may ba as high as 30-to-1.
ing. chapters. g A _ S0 R

v

.
-

Note The weather:station’ mstrument is cahbrated in the e
Enghsh system. “Therefore, you must- make frequent conver- . .

sions (changes) to the memc sy.stem. Excurslon 2-3, “The _ Excursion 23, kayed- here, will be usofut
N 'mro,ughout the unlt R

-':Remcmber your weathcr watch is to _commue for four L R
"wccks, mcludmg wcckcnds if" poss1blc. SR - .. .. CHAPTER2. 19 ~
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A

o Concentrating on—_Upsf_

- a hot Spqt on the earth? -

; ..' -s.j:]_3-2. What happens to the mdtiqn of air as it moves over
" :coolspot.on the earth? L .

Kr'l-owi'ng that air moves up and dOWr; ove _
(- of the edrth’s surface is a- good start in’explaitiing weather -
-, changes.. However, you need to find out more about how .

"1 balance rod, with clips

L]

Scissors or knite
Alumingm pan
*lce

EQUIPMENT LIST

Per student-team

" 1 large baby-tood jar
b rubber bands
1 plastic straw
1 tongue depressor
1 small baby-fgod jar
Plastic tape

Per class
1 balance rod support

2 ballgons Aneroid barometar

CHAPTER EMPHASIS

Air has properties of mass, prassure, temper-
alure, and numbar of particles in a given vol-
ume that vary on tha earth's surface and as
the air rises. -

Chapter 3

1

MAJOR POINTS
1. Tho systems approath can be used in

e o @nalyzing _the behavior .ot .gir: — - ..

You've  learned” that different surfaces absorb different

amounts of heat from sunlight. All you need-do to prove

- ‘this is to walk around outdoors in the summertime in your
“bare feet. You'll quickly find that warm- and cool spots. can
. exist near each other. S .
""“The temperature of the air above the earth’s surface"is-

affected by the heat absorbed by the surface.: Ajr above a .

-hot spot is warmed. AAir above a cool spot is cooled. e

s, What',happcns'-%o-'the.motion‘of air a;'n_ paESes over

o
4

. o . . .- Wy N

3

ifferent areas

these ups and dov;ns.-This!is._a compli-

'ggtgd th.ii:ig‘.',tp do. To make. your task simpler;: concentrate
-only on.the ups for DOW, _pw /s R

y
St o

2. Air has mass and exerls a downWard force
.Called weight. '

3. The particle model of matter can be used
to explain air pregsure. _
4. A barometer dar\ .be constructed. cali-
brated, and used to mzke measurements of
air proessure. thus atmospheric pressure can
be operationally defined.

5. The particle model predicts that the home-
made barometer will respond to temperature
changes as well ag pressura changes.

. 6. Air pressugp is a variable, both at the sur- - -
‘face of the @rth and at ditferent heights
above the surtace. T .
7. Air gets cooler as it rises.

v !

" Excursions, 3-1 and 3-2 are keyed-.to" this
.chapter. ~ - _ T

-

.




When studying comphcated situations, scientists concen-
trate on only a part of the total sttuation. This 1s called using
- The systems approach ls particularly apropos a ‘;yst(,ms approach mn mvullbdtlons

here, but actually the entire unit might be If you used the ISCS Volume 1 of Volume 2 you’ve used
considered In the light of systems. For in-

- stanco, there are cloud systems. pressure the systems approach many times before. In using the sys-
-8ystems (highs and lows), and frontal systems  tens approach, you concentrate only on that part of a com-
(cold, warm, occluded) that wili be studied In licated si . . hicl 2 interested. Tha art of
later chapters. And of course there are sys- . PilCaled situation.in which you are interested. dt.p(ul. 0

. tema of air masgses that interact with each  the situation is called the system. The rest of the situation
other.to 'o""\h" trontal aystems. .can be ignored, except when you want to pay attention to

. ~ the input (o or output from the system. If you wish to ¢xam-
- =7 -Ine skme over smallcr part of the system, you refer to it as

' o-a subsystcm
Vo Flgure 3-1'will hclp you take a systems approach in seeing

B T e e e how airisTaftected by attitude-(height-abovetheearth’s sur-c o

‘ A .+ face). The tota] atmosphere can be thought of as the situa-

A ' -+ " - tion. The vertical column shown represents a column of air

' _ . extending up from the earth’s surface. This column will be

L - -7 the system you will study. Two cubes have been drawn within
: - the column. They represent cubes of air. 'You can think of
| them as subsystems of the column of air. ‘Air from outside.
| the column (the system) can flow into the cubes (the sub-

i _ . . systems). And air from inside thc cubes can flow out of the
| o column.. :
|
b
!

I
t
1
]

§

]

]

[}

!

]

Figure 3-1 _' | L O

. e Assume that the column of air shown in Figure 34 s
R A - T standmg over a warm spot on the carth’s surface.

EF. . Ce . .,,,

L S E]3-3. Whnch cube of air would be warmcr?

e E]3-4. As air cube A nses, what do you predxcl will happcn“
.{ .22  CHAPTER3 | "~ ."to us lemperature?

-/
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Air is warmed by being near a w
closest to the surface is warmed the
the farther the air is from the carth’
will be. Thus, cube A in ki
temperature than cube B.

arm surface. The ai
most. 'Gcncrally, then,
s surface, the cooler it
gurc 3-1 should have a higher

.

N balance rod, with 3 balancing clips "
~ - 1 balance.rod wire support - ..~ -,
a2 baltopns of equal size . o

Figure 3-2

TS

PROBLEM BREAK 3-1 .

Design and conduct an investigation of how air tempera- -
ture varies with altitude. Record your plan, the data you
collect, and the conclusions you reach in your Record Book. -

[J3-5. According to Figpre 3-1, which cube of air has more

I

air above it, A or B?

(J3-6. ‘Which cube of air would have more weight on it from
~above? T o '

.~ You may be a bit concerned about question 3-6. In fact

you may wonder whysuch a question was asked. Is it reason- .
able to think of air as having weight? Try the next activity-

.. and find out for yourself, - | o .
e " You will.need the following materials: .. o oo

4

e

. 2meters, but beyond this might prove difficult.

It students acecopt the concupt that the tarthe:
air is trdm the earth's surtace. the cooler It
will be. on the basis of these statements and -
- 4% a result of their investigations in Prablem
Break 3-1, tino. The implication hore is thai
the decrease in temperature is due to sapara
tion from the source of hesat (the warm spot)
only. Without going into rathar complicated:
subject matter, this is about as far as tho
reasoring can go. But for your information,
£ and not for the studants, tho cooling can be
explained a little more. Whaen alr rises, it is
subjected 10 less and less pressure, it ox-
pands in response to thig decreasing pressure
according to Hoyle's Law, p x v = k. which
-states that pressure and volume ara inversaly
proportional..As_(_)pg_gg_gg_ down._the.other - ..
~go6s up. Egpansion against pressure consti-
tutes work, and usoes energy. Tha energy ex-
pended In this process is haat energy, and the
effect is to cool the air. Motoorologicnlly this
Is called the adiabatic process, and It occurs
for the same reason that a tiro pump gets hot
- when you pump up a tra, or air feels cool
whan you let it out of the valvo, releasing the
prassure and istting it expand.

\

[

Problem Break 3-1 is not 6agy to do. You may
" have to give some hints to get students -,
‘Started. Using the protectéd thermometer as .
they did In Activity 1-13, they can measure the
temperature at ground level, 1 meter and

-.Possibly temperatures taken out ot upstairg
windows, or out of windows in ‘multi-story
bulidings might give some data. For your in-
formation, the decrease in temperature with

--altitude, due to all factors and not just expan-

.sion’ of air, is called the lapse rate. The avor-
‘age lapse rate (if there is such a thing) is
about 3.2°F per 1,000 feet or 0.6°C per 100m.
.But be careful. On a clear, calm night, the air

close to the ground (10 to 20 fi)-¢an be colder .-
than the air higher up. <0 L

_CHAPTER 3 23
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You probably realize some of the short-
comings of thig expenment Thea infiater |

“loon ewen tilled with arr &t 100m teest

has more buoyancy (it displacas anr ¢
volume of room air) than the aetlaty 1 o -
the balance s not exactly measurning the mass

.ol the air in the bailoon. But the siignt .

« .crease in pressure inside the balioon ques

push the air particies closer togethar. sc

balance should show a greatar mass 100 tht-
intiated balioon Incidentally have studgnis
save the balloons. Both can be used wgun
the knotted one can be used for the up-

coming activities on the construction of the

barometer.

~ .

.. 3-7. Student observations should refiect an

awareness of an increase in mass of the in-

- flated baitoon. They wouid not be expected
" to realizé the implications of bugyancy men-

tioned apov.g.

24 CHAPTER 3

ACTIVITY 3-1. Fasten the two balloons to the clips as shown.
Balance the rod by moving the third clip. (You may have to

move it across the wire support.)

4

ACTIVITY 3-2. Remove one of the balloons, blow it up, and
knot the neck. Place the balloon on the table for 5-10 min-
utes. Then reattach it to the balance arm. Hold the arm level,
then gently release it, and observe what happens. - : .

The breath you blew into the balloon is warmer than the =~ § . |
room air. That is why you were told to wait a few minutes,

. ‘before comparing its mass. This wait gave it time-to cool off

abit. _ -

-

© [J3-7. Explain your obsérvation from Activity 3-2.

'Now think again about the column of air fro_rﬁ Ftigurc}-l.
Every particle of ait exerts a ddwnward ‘weight force. All

. these forces together make the total weight of the column




»

(113-8. Which cube of air (A or B) has more weight acting og |

it from above, 1n Figure 3-1?

Your answer to question 3-8 should have been “cube A
This is also the arswer to the earlier question 3-6.

The total wcnght of a column of air on imaginary LUbC
A results in the air pressure on that cubc

D3—9 How does the air pressure on cube B compare with

the air pressure on cube A? .

Figure 3-3 suggests how particles in. a column of air might,

.bﬂfipected to look.

[y

Figure 3-3

Earth’'s surfacé

You may want to check your understanding of the term
Y pressure. If so, turn to Excurgion 3-1.
By now you should expect that air pressure will decrease

as altitude increases. But you may waqnder if air pressure can .

vary at the same altitude. For example, does atmospheric
pressure vary right at the earth’s surface? . T

To answer this question, you need some way of measuring
atmospheric pressure. The next activities will show you how

" to make such a device and-@hpw it works. -~ - *-
You need a partner and the following matenals:
1 balloon : 3 . )

1 baby-food jar (musl be large size)
"1 rubber band

e

W ght s measured in umts such as pounds
or newtons Prassuré units are poundys per
square inch, or newtons per square meter (or
other combinations of force per umt area)
The tota@iferght of a column of ar resuity 1N
the prassure-on thé cube. but the pressure
would have 1o be expressed in this weight on
a garticular area

\ .

4:)'(0-' \‘I :

Exgurs:on 3-1 will enable students to work
with, the 1dea ot torce per unit area meaning
pressurg. . -

QHAPTER 3 .-'25’ “
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The scal 1+ 30 importait that yolmight want
to have tudonts use a second tghtly
strgtched rubber band around the jar

Dd you ?wve a vacuum pump with bell jag
available? This relationship of inside-outside
pressure can be vividly illustrated. A partially
inflated balloon inside the bell jar also makes
a good demonstration.

N

ACTIVITY 3-3. Cut the end off the balloon and stretch it over
the mouth of the jar. Be sure the rubber balloon is stretched
taut. Then have your partner fasten it in place using the rub-
ber band. The band will have to be doubled once or more
to make a tight seal. This seal is very important.

Balloon

Baby-food j'ar‘

What you have just niade iy the basic part of an atmos-
pheric pressure measurer. Before tinishing it, however, let's
use the particle model, to explain how 1t should work.

Air is both inside and outside the jar. The particle model
(discussed in ISCS Volume 1) says that the air particles are
in motion (Figure 3:4). They are bouncing against the inside
and-'oulsidc of the n_xbbcr cover.

. .h

Figure 3-4



If the particles inside the jar exerted more pressure on the

It the jar as ughty scaled, no more awr parucles can enter
or leave the jar. The top of the balloon s flat (not bulging
in or out.) Theretore, the pressure of the moving air particles
agamnst the top of the balloon is balanced by the pressure
of the moving air particles inside the jar. This iy diagrammed
in Figurc 3-5, with arrows representing forces. Foree 1 is
cqual to Force 2.

i

«

rubber covering than the partcles outside, the covering
would bulge upward (Figure 3-6). In that case, Force 2 would
be greater than Foree 1. : )

. Figure 3-6

(J3-10. What would happen ta the rubber covering if the

. forces (pressure) outside were greater than the pressurc in-
side? (Show your answer by completing the drawmg m Fig-
ure 3-7 in your Rccord Book.)

- Figure 3-5

Changes in atmospheric pressure are rela-
tively small, so students should not expect
great changes in the shape of the rubbar )

membrane ‘-




The flexible rubber covering allows the volume of the air

inside the jar to change. When the air pressure outside the

- jar ingreases, the rubber Qalloon bulges 1. When the air
pressure outside is lower than itis inside, the rubber bulges
out.

You can add.some additional parts.to the jar that will
make 1t possible to measure very small changes in the move-
ment of the rubber cover. To do so, you will need the tollow-
ing malcrials: '

INplastic straw 1 small baby-food jar
I tongue depressor Plasuc tape
4 rubbur bands - Scissors or knife

\

-

»

wrrmmm = ACTIVITY 3-4 Cut.ona end 0' the straw at\an @QIE to make —— v

it olnted
«w " d ot
1}

ACTIVITY 3-5. Geptly place a one-inch strip o( plastlc tape
on the uncut end of the atr@w as shown.

I T

+ -

~

/ 1in taﬂ‘e

//

- Various other materials.ma be used to fasten v .
the straw to the bailoon rﬁemb,a,,e; candie  ACTIVITY 3-6. Tape the uncut end of the straw to the center

wax, plastic cement, or rubber cement have  of the balloon as shown. Run your ﬂﬁqen nail along the tape
been tried. Whatever method is used, be sure
that students fasten only the tip of the straw ~ ©N @ach side of the straw s that it Is held tightly, to the

“to the balloon, and right in the center. balloon, both in _the. center and at the edge of the ]ar\

: n |
[ i /n\...
\
A
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ACTIVITY 3-7. Attach a tongue ypressor to the second jar

as shown. .

Tohgue
dapressor

o
ACTIVITY 3-8. Place the .two jars side by gide on a level
support (such as a lagge book) so that the pointed straw is

in front of the tongue depressor. Mark a short line on the
depressor at the point of the straw and label it O to show ~
'!E'IZ

the starting position., S S s R ggggg.r...__._-._____.._,

AN

]
‘

If the instrument neads to be moved vary
much, a permanent base, such as a board or
hadivy cardboard should be used, so that the
. jar doesn’t have to be handled and the two
7 . }jars remain oriented the same.
L] ! .

Ve

With the tongue depressor’s scale in Ylace, your atmos-
pheric prcyssu&mc:;lsurcr is complete: Let’s sce how it works.
- Fagure 3-8 shduld help you see this. ' _ -
When the air pressure 1s equal inside and putsidc the jar, .
the pointer remains at zero (Figure 3-8g). Whm}};cre is an
-~ Increasc in air pressure outside the jar, the covdNs forced - A
down. This moves the pointer up (F ig,ur'c 3-8b). : Figure 3-8

»

More air pdrticles, ()
increased pressure :

s

L .
. -."«En.-’d",.‘ Lt
.;.




3112, The student answer should tell how
atmospheric prassure is detocted and meas-
ured. (Example: Observe the pointer on tHe
atmospherlc measurer device ovex:.venod of
time. Movement of the pointer ehdws chang-
ing atmospheric pressure gnd tho amount of
movement shows how much chahge.)

“the ‘jur- is less than that inside the jar?

[13-11. How will the pointer move if the air pressurc outside
[13-12. Give an opcralional definiion of atmospheric pres-.
sure.

.

If you understand how your instrument warks, you should
cxpcu the pomter to- move down trom zero on the xulg if
the air pressure ccrtases. The pointer should move up {rom

Pressure. imereases.

The mtasuring device you've made is called a barometer.
It can be used 1o measurc atmospheric pressuge (air pres-
sured) However, 1ts usc 1s somcwhat limited.

3-15. A decrease In air pres’éure ‘(The ip-

créase in pressure jnside the jar has the same ",

relafive effect that a decrquc'a in outside’ alr

) pressure has.) -
. Y N

130 . CHAPTER 3 .
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ACTIVITY 3-9. Zero the pointer. T
sides of the jar tor several minut

holda your hands on the
without moving it. Note

“what happens to the ppinter's positign.

.
. »

"[3+13. Did the pointer move? If so, in which direction?.

)3-14.-Did puting your hand‘sfgn the jar have the same

cffect on the pointgr as a change in air pressure?

E]3-1 5/What kind of air pressure dwn% would produu thc./
- samg result as your hands did? (An mcreasc, or a dc,crc,asc,
m pressute’) 4 , .

-

ot
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Pytting your hands on the balloon jar didn’t change the  Figure 3-9
pressure of the atmospherg, But it did change the pressure
of the air inside the jar. How can this be? Well, you know
that your hands are warm. If they warmed the jar, the air
instde would become warmer, 100. Then, according to the
Volume 1 particle modelstheair particles would move faster.
This increased motion would cause the particles to hit the
Cover and walls harder. The flexible rubber on top of the
Jar would then bulge out and the pointer would move down
(Figure 3-9). - a

- - ’
- C . « ’

!
/

PR

“topressure changes. - -
N .

\

Your barometer reacts to temperature changes ;1§_/_ws.:u_us._ P

o

, +7h

\_ T 13-16. What effect do you predict decreasing the témpera-
ture inside the jar would have-on-the mqvemgnt of the
- pointer from a zeroed position?

'. PROBLEM BREAK 3-2

Find oy} flow decreasing the temperature of the air in the
Jar affects’the pointer position of the measurer. Acuvity 3-10
suggests onc way to go about this. \j

1 . -

- ACTIVITY 3-10, Set the rubber-covered jar In a pan of water
at room temperature. Use a thermometer to measure the tem-
perature of the water. Have the pointer adjusted so that it
points to 0 on your scale. By adding ice or cold water, you
can lower the temperature. C ' |

: . Note the suggestion for lowering the temper-

ature withice. If this route is to be followed,
you will need a supply of jce cybes- again.

Pan of water at
room temperature

Pl

-

[ =4
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. t
For the boelter studant, you might want to pose
tho rather difticult question of how the in-
"strument could be moditied so that it would
not ba temparature-depandant. Soma rather
novel (and perhaps unworkabie) solutions
" could rasult, .

‘ﬁ:v-.-.__.“‘

-

Y

(C13-17. How is the pointer positon aflected when lhc‘ teme-
perature of the jar’s air 1s decrcased?

The accuracy of your atmospheric pressure measurer de-
pends on the temperature of its surroundings. This of course .
limits its usefulness. It cannot be used eflectively to compare
air pressure at places where temperatures are different.

However, it can be used to measure pressure changes if
positioned wher¢ the air temperature remains about the
same. Of coursc, the measurer must be zeroed while at that
location. - . ‘ .

By now the permanently mounted aneroid
barometer should have been corrected lo sea
lovel pressure.

Figure 3-10

-

" CHAPTER 3

However, it must first have a calibrated scale. This scale can
be made by using a standard barometer. There is one in your
classroom. 1t probably looks like the barometer shown' in

Figure 3-10. /'\

The scale on your room barometer is probably marked

_in units of length—like inches or millimeters (Figure 3-10).

Let us see why pressure is measured in inches, or. perhaps

“millimeters. ' . . _

Scientists have compared air -pressure with the pressurg
exerted by liquids. They have found “the following rela-"

" tionship: —

LR

_ -You can use your baromegter to collect weather-watch data. __~_



-

A column of air extending trom sea level out to the limit

- of the earth’s atmosphere has the same 'weight as (a) a 34-11

column of water (with the same diameter as the air columny

) aqd as (b) a 29.9-inch column of the liquid mercury (also
with the same diameter).

Figure 3-11 illustrates this finding. - )
Figure 3-11

Limitofthe -
. atmosphere

S
\

34 teet

29.9 inches
/ Mercury

This relationship means that air pressure can be compared
with the pressure excrted by a'column of liquid such as
mercury or water. Normal air pressure at sca level is equal
to the _pressure LXLrlCd by 29.9 inches of mercufty.

(]3-18. Use the room barometer to dctermmu the mr pres-
sure where you are. : . :

»

(13-19. Would you expect, the barometer reading on a

_mountain top to. be dxﬂcrcnl trom that at sea lwt,l" Explain

your answer. .

A bit _more information on liquid columns and ajr pressurc
can be found in Excursion 3-2. Have a look if you're inter--

[RY

ested. It will help you. undcrstand how your classroom ba- -

-romcten Works, t0o0.

it might be intergsting 10 note that the pres-
sure oxerted By a 34-toot column of water or
a 29 9-inch column of murcury is indepoendent
of tha diameater of the column, becauso pres- -
surg is meaaswed Iy forco per unit area
Theratore, a 34«00t column of water or a
29.9-inch column of mercury oxerts about
14.7 pounds per square inch prassure, no
mattor how large In diameter the column is

®
w

-

3-19. Yes, there wolld be less air above the
mountain top. so there woqu be less force or
welght exerted by it.

Excursion 3-2 begins with a historical treat-
ment of pressure measurement. and then

discussos the construction of -an  aneroid.
barometer. o

g RXCU
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From thes poemt barometnic prassure can be
_agded to Tahie 2.1 1n the Record Bank You
m ght want to provide some sttt ey
correct way to get a reading The o e
should be tapped very lightiy with the tng
THis trees the movement from triction Oy
" equal ithportance, it shpws which way the
pressuré Is changing. which is a factor of
more importance than the pressure nselt

*

I .

These points constitute & good checklist for.
- the unit material to this pant. They can be-s
used for small-group discussion or for items,
" on 4 test. ' '

" 34 CHAPTER3

F

-
~

" in your room!

.

As you continuc keeping your weather watch, use the room
barometer. To get pressure measures, also-do-Problem Break
3-3 10 get a scale for your own jar barometer.

It ] ‘

PROBLEM BREAK 33 ~~  °

you got from ’ﬁg’ho room barometer.
~ »

Ask your teacher where you should set up your jar barom-
eter. '

Then zero it in that location. Use the
get the atmospheric-pressure-in’ inches.

ACTIVITY 3-11. Alongside the zero mark, write the pressure

):-.'
i
W

¢

room barometer to

sum_nmé up

R ..
q

_This chapter has taken you beyond the facts that warmer -,
air rises.and cooler air falls. You have legrned the following: -

1. As air rises from the earth’s-surface, the air gots cooler.
2. Air has weight and exerts pressurc. ' L
3. The number of air particles decreases with increasing g

altitude. ~ * - 7

o

Each day, you can add new marks and numbers to the
‘scale; that is, if the atmospheric pressure really does change -

You will have 1o make prowision for the stu- . .
dent barometers to be set up in gome perma-

nent position where they can be marked daily.

[} o . e h ) -

P




4. As aic risgs, the pressure on it from the air above de-
creases. :
5. Air pressurc can and does vary on the earth’s surface.

Ihcsc facts will be very important to your further study
of air and weather.

-~ Before going on, do Seif-Evaluation 3 in your Record Book.

.
- . - .

-

: | : GET IT READY NOW FOR CHAPTER 4
’ - ' You will continue to need large and small

0
Ik

.
. .
R

baby-tood jars. You will also need ice -
_(crushed and cubes). hot water, and matches. -

Before students start using the ‘sling psy-
chrometers, you may want to emphasize the .
exertion of reasonable. care n.swinging them
to avoid injury and breakage. And for working
with ice and water. studehts will need an ade-

_ quate supply ot paper taweis# ' :

¢

a
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EQUIPMENT LIST

Per student-team ! plastic sandwich bag
Crushad iceo

2 ice cubes

Hot water

Matches

Paper towels

1 small baby-food far

2 large baby-food jars
1 tharmometer

1 clear plastic cup

1 sling psychrometgr_

Making Visible
‘the _lnvisible

people that clouds are made of walter.
falling from the sky. And almost every

I’s no secret to most
We’ve all seen water

time this happens, there are clouds up there. Most folks also -

‘know that the water in clouds cvgporated from the earth’s

surface. Sunkifht on lakes, ponds, riverg,

and.occans changes

liquid water to water vapor. Trees and other plants release

some of the moisture in their leaves to ‘the ‘air, too. '
‘But what most people don’t know is why the clouds form,

“and why. they usually form so far above the carth’s surface.

~.you do or not, you should test
~in this'chapter and the next.

- ‘Deed the following equipmént: * ~. DR v

‘»

; \

Perhﬁ’ps you know the answers, or think yougo. Whether
your ideas with the activities

First, yo@ need to ir?vestigatc_ the effect of temperature on
the amount of water vapor ‘in- air. You and a partner will

| . N}
I small baby-food jar of crushed jce ’

o " Ilarge -baby-food jar half full of water at room tempéga;__

- ture -
1 thermometer
- "Aluminum gan (or clear plastic cup)

RS N

. ~ - L ’ .
Taoe - AN .
A : P
AR I -"“1.\' t o
oo fy
58,

$

vl

- -can, or a-smooth, clear

W

CHAPTL R EMPHASIS

Invisibie water vapor in the air can be mad-
visible by condensation. and the amount «
water vapor in alr can be measured in term:
of dew point and relative humidity.

a

. Chapter 4

r

Excursion 4-1 is keyead to the chapter.

‘ .
MAJOR POINTS .

1. Condensation of water vapor occurs when
air temperature is lowered to thé dew point.
2. Clouds are composed of visible water
droplets. ' S

‘3. It condensation of water vapor occurs

~ below freezing temperature, frost forms, )
4. Relative humidity is a comparison in per- -
cent of the amount of water vapor'in the air °

with the greatest amount that air at the partic-
ular temperature could hoid.

3. A sling psychrometer is a convenient in- *.

strument for obtaining wet- and dry-bulb tem-
perature readings. : R

6. Pre-computed charts can be used to con--.
‘vert wet- and dry-butb temperature readings

to relative humidity and dew point.

7. Solid particles (dust. smoke, salt) provide ~ -’

. the surfaces needed for water vapor to con- ]

dense into a cloud.

4+

3

Eitheg a polished copper can, an al‘u.minum
plastic cup can be
used for dew-point determination.

é -
. -3
" |



In Activity 4-2, it 1s important that the outside
of the container be absolutely dry, and that
the water put into it be at room temperature.
On days when the humidity is high, even a
slight decrease in temperature will cause
condensation to torm. Thus, if cooler water is
put Into the containe:, moisture may form on
the outside betore a temperature reading can
be taken. . . s

Water at room
temperature

>

ACTIVITY 4-1. Add ice and water to the can until it is  full.
Observe what happens on the outside of the container.

—--Babyf00d. L MBI i -
jar ' '

[J4-1. What did you observe happening on the outside of .
the container after you added the ice and water? '

[114-2. -Explain your observation in question 4-1.

[14-3. Have you seen this sort of thing happen in other
situationd? 1f so, describe them.

‘ You should have found that a film of water formed on
the outside of the can.

LY

&

(“]4-4. Where did the water droplets that formed on the
outside oﬂ_\_the container come from? ' o

The ice water lowered the temperature of the container.
This caused a filnf of water o form on its outside. But is
there a certain temperature at which the moisture, first -ap-
pears? Try to find out by using the equipment you already
have. Before: you begin, empty the container. Dry. it, and
allow it to return to room temperature. '

ACTIVITY 4-2. When the container has returned to room tem-
perature, fill it ; full of water at room temperature, Place the
thérmometer in the water. Record the thermometer reading

.In Table 4-1 in ypur Record Book. - : 9

[14-5. Does moisture appear on the outside of the container
“when it is at room temperature? o

58



ACTIVITY 4-3. Add crushed ice to the water In the can, a lim:e
at a time. After each addition, stir the water with the thermom-
eter. At the moment the water fiim first appears on the con-
tainer, read the temperature.

Add crushed
lce slowly.

. * ’ v “ "
Note: Do not breathe on e can whiie vou e obscreing the
thermomeler. S

Keep adding small amounts of ice until the moisture forms.
Record that temperature in Table 4-1 for Trial 1.

A

Repeat the activity to get readings for a second and third
trial. Record the data. Be sure your water.is at room temper-
ature when you begin each trial. If you have ice left over,
return it to your teacher, or give it to other students who
nced 1it. . :

Room Temp. Temperaturc. When Film
( (0 of Moisture Forms (°C)

ofs

[

Urge stucents to lower the temperature of the
water very gradually, by adding small amounts
of ice. if it s done too rapidly, the tempgerature
will pabs through the dew pomnt so fast that
the thermometer reading will not be the true
dew point.

e e

By ﬁow, students should reélize why three
readings arc taken and averaged, but you
might have to point out that it is one method
of handling experimental error. Once again,
they should be sure o dry-the cup and use
water at room temperature each tima.

~

a
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Studdnts who studied energy relationships in
Level | of ISCS may appraciate that for con-
densation to occur, the water 'vaSbr particles
must give up some of their energy lo the ice
water. This was predicted by the particle

model for matter.

“ i
L} . f

4-7. )t will change to frost (solid-water parti-
cles) on the container. (You may have a re-
frigerator in the school in which this could,be
tried. Some students may ask, “Didn’t the
water vapor just condense and then freeze?”
Not so. Watar has the ability to go directly
trom gaseous state {o solid stdte or solid’state
to gaseous state by sublimation withaut tor
ming a liquid in between.)

~ .

(14-6. What was the average temperature at which the film
e walcr formed?

-

..
T

~ »

By now perhaps you've figured out tha\_l\lhc walter which
appeared on the can came from the air in"your classroom.
"Water vapor is an invisible gas just like the air. It became
visible only when it collected or surface of The cold
container. This changing of the gascous Water to liquid water
is called condensation. Tiny water droplets form when the
air temperature is lowered to sohie very definite point (called
. the.dew poinr). At that temperature, the air can no longer
hold all its moisture. The invisible water vapor trom the air

___then becomes visible as tiny droplets form. The droplets®

formed on the container-because it was myjich, coldgr than
its surroundings. The air near it was colder than the rest"of

- -

the air 1n the room. .
°[]4-7. Suppose the temperature of the contamer had been
below freczing. What would you expect to~happen to the

water in. the gascous form, warm air or coldrair?

You can check your answer to this Jast question by putting

"a small dry can in the freezing compartment of your home

refrigerators -, .
. ‘ . .
/ : SR
[14-8. According{o your investigation, which will hold more
water in the gascous form, warm air or cold air? .

()_bviousl);, clouds urc-n’\l invisible. You can see them. This
means to make a cloud, you mugt make invisible water visible.

_ You have just seen onc way to make the invisible visible—
*lower the temperature of the air. You saw watcer droplets form
on the cold surface of thd cup. -

,

L

-
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Before you investigate another way to make water vapor vis-
ible, you should learn a bit more about water vapor.

. You have learned that there is a limat to the amount of
water vapor that air can hold. This limit depends upon the
temperature of the air. Warm air can hold more water vapor -
than cold air .can hold. You saw what happens whcn warm
moist air is cooled. At a certain temperature (the dew point),
the cooling air contains all the moisture it is able_to held
at that temperature. If it is cooled below the dew poml some
vapor must condense as water droplets.

Mctwrologms (weather forecasters) measure theamountof . Meteorologists measure the amount of water
water vapor present in air. They call thlsenwsurc the relative e ‘l'; fg‘;{l‘vze'\:ﬁx; J;ferent ways. one of
humidity. The measure is actually a comparison. It compares
the amount of wator {apor in air at some temperature with
the greatest-amount that” could bc, in the "air “at that same™
température. :

Relative hqmidws defined By this formula:

Relative humidity i SRS
Amount of water vapor in air at cutam _temp.
Grc,atcst amount of water vapor pbsgxbl«, n ar at that temp
e X 100%

SBuppose the relative humidity of air is- 75%. This means
IWIW air contains 75% of the water vapor that it is possible
for it to contain at that temperature.

- For example, suppose 1,000 milliliters of air at 2()° C could
contain 20 milligrams of water vapor. The relative humidity
is 75% if the air qctually contains 75% of 20. milligrams (that
is, 15 mxlhgrdxps) of"water in each 1,000 milliliters.

The ﬁgures in’ that example are given below to show how.
the formulaﬁm std

-‘ Rcla_uvc humxdlty ,
‘ __ 15 milligrains

100% =I5 X 160% =.75%

‘_20 milligrams

[14-9, What does it mean to bd)’ “the. relative humidity is
50%”?. '

(734-10. Suppose 'l,OOO ml of air contains 10 mg.of water
vapor. At ‘this teniperature, the same volume of air could

- contain 30 mg of water. What is the relative hUﬁHdllx of thc, ' .
anr? L o T e L o . "CHARTER 4 &1
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SELECT THE
BEST PHRASE

Wet wick with water
* at room temperature.

42 CHAPTER 4

BOY/ THE HUMIDITY
MUST BE 99% {

<

WOW/! THE
{HUMIDITY 1S
2 AT LEAST 10%

Lele e

" Humidity

In view of the importance of the water vapor contenj of

the air (humidity), it would be well to include mcasurerd’c):ms

of this quantity in your weather-watch chart. To do this, you

must learn how to get the data you will need. -
You will use a sling psychrometer. Activity 4-4 shows what

it is and tells you how it is used. RIRNAE

ACTIVITY 4-4. Wet the wick with room-temperature water.
Swing the psychrometer around for 15 seconds. Be careful
~ not to hit anything. Note the temperatures of the dry bulb
- -and the wet bulb. Whirl It for another 15 seconds. Note the
temperatures again. When the wet-bulb temperature reaches

-~~~ It lowest value, record both the wet- and dry-bulb tempera-

tures.

Wet bulb

N T
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}
411, Record the  two temperatures, from Acﬁvity 4-4:
' . wet-bulb and dry-bulb.
’ [(]4-12. Whatisthe difference in degrees between the wet-bulb
and dry-bulb? '
4
i
{ To determine the relative humidity, you will need to use

‘Table 4-2, First, find the dry-bulb temperature you meas-

ured. (It is in the first column of the table.) That locates the

row where you will find the relative humidity. |
Move your finger across to the right, until you come to

PR (.

' ‘ the column that has the value you found (difference between
N wet- and dry-bulb temperatures). The figure in the box is
TTTTTTTTT T the relative hiumidity (expressed in-percent).-(See Figure-d-1-.
4’:; for a sample of this procedure.) N
iy 104
! | Pk L
- '-”f - —Nr
10y 10t
‘ =
. SR —0
10— 10|
Figure 4-1 . ' .
R Wet bulp " Ory bulb
e . °C 32° C

- Difference = 4°C

For your informahon the doecreasg mn temter-
ature of tha watl Duilb Jdue ) erddony )
~aled the weat-bulb depression

‘

It the av 1s completely saturated with water
vapor (has all the moisture it can holg at that
mpemlhn), then there wiil be nb avapora-
tion, and no decrease n the tamperature of
tha wet bulb. The relative humiaity s hen
100P%. Innalure. thore 1s probably no time that
the relative, num:aity crops ta 0% Even the
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(14-13. Write an operauonal definition of relative humidity.
(How do you detect*and measure it?)

[(J4-14. What is today’s relative humidity?

L

Back to the dew point

Dew point was defined earlier as the temperature at which
air could no longer hold its moisture. At that temperature,
*water vapor from the air collects on a surface as a liqud
_(dew) or solid (frost). Renxember that warm air_can hold__
more moisture than cold air can. Dew point can be deter-
mined from a chart similar {o the onc you uscd for relative
humudity (sce Table 4-3).

Refer to the relative-humidity chart (Table 4-2) and the

dew-point chart (Tablc 4-3) as you answer questions 4- 15 and .
4-16 ' .

(J4-15. What would the relative humidity be when the wet-
and dry-bulb temperatures are the same? '

[J4-16. What would the dew-point temperaturc be when the
wet- and dry-bulb temperatures are the same?

* Os-17. Give an opcrational definition of dew point.

You may wonder why you have to swing the psychrometer
to measure humidity and dew point. If so, you should turn
to Excursion 4-1, “The"Shivering Thermométer.” '

Up until now, you lave not been able to fill in the dew-’

point or th¢ relative-humidity. .readings in your weather-
watch chart. From now on, record d.uly readmgs ot the
relative humidity and the dew point.-

You started this chapter trying to explain why clouds form

as they do. You've learned that cooling air can cause the
water vapor it contains to condense. However, you haven’t

This suggests that -water vapor must hive some kind o
'solid surface on which to form liquid. droplets. How then

really seen any clouds form during your activitics. The only
condensmg you have seen has taken place on a solid surtace( .

~can’ clouds form? Are there such surfaces high in ‘the .aur? '

4-15. 100%

Ll
4-16. The same temperature as that of the
wet- and dry-bulb thermometers. (A normal
occurrence when iius happens is conden-
sation. it it happens at the earth's ‘surface,
dew or frost torms. It it happens in the atmos-
phere, a cloud torms, [t the cloud forms close
to the earth, it is cailed fog.) - '

-

K EXCURSION'D

Excursion 4-1 investigates cooling by evap-

oration and apphes the particle model of = .

matter.

From this point on, the last two rows of i‘able

"2-1 should be filled In dally in the Record

Book

-

oy,
A
\

' 'CHAPTER 4 ‘45 '




%

S ahatg ALY

Cad vy o ta -

Dry- Dcw-Point Temperatuse (*C)
. Bulb, . i .
Temp. Diffcrence Between Wet- and Dry-Bulb Temp. (*C)
caorlrr T>T3x T T To 70 [ 8 |9 T Tu-Tize ToasTra {15 [re fare ] 18 [ 19° | 20°
=20 |-23]-31
—15 [ [-23]=-3
10 -12]-1]-v|-23
-9 {-n{-l-17{-21
i —8 [—10]-12]-15]-19
-1 —9]-nf-13]-17]-20
—6 | —8[-10f—12]-15]-207 . i j
s e =5V =6 =7 =s{=12]=15] 19| —2a{ =26
—4 | =5| —7] —s]-nf-1a]-17{-22 #5
31 —a] —6] 7| —9|—12[—15]=20|%¥23
T3 23] —4f —o| —8|-nj-13|-17[-21
- 1| —2] -4 =s| =7 —9[—-12]=16]—18
! 0 =1]=3] —a| —6] —7|=10]|=13|—17]-20
1 1| 1| =2 —4] -6 —8|-1n1{—1a]—19]{-24 - :
. 2 1| Al =21 =3] =s| =71 —9[—-12[—16}-21 .
! 3 21 1] 1] -2} —4] —6] =7 9] 13|18 — -
a'] 3] 2 1} 1] -3] —4f —6] —8|-11]-14]-19]52¢ . -
i . s| a] 3] 1 o] —2f —3] -s| —71] -9]-12f-16]-20
6 s| a4 2] a1 =1 =2 =3] —6] -8] —9]-12|{-16
' ¢T3 1 6l 5| 31 2] 1] =1] —2] —4] 6| —8]—n|—14|—20]-26 .
: 8 1= 71 6| a| 3| 2| 1| —1] =3] —s} =71 =9[=-n1]-16]~19
’ 9 s| 71 ol 4] 31 21 o —2f -3] -s| —7| -9{-13{-16 -
’ ] 9o s8] 71 ef af 3] 1| o} —2] =3] —6] —8|[-11{~13]-19]-25
\ 1nj.gof 9f 8] g el 4 3] 2 of -2f -4} 6] -8|-10}-14/-19
T2 | 2| nl w| o 1 el a| 3] 2f 1} 1] -3] -5] —-7[-10]-13]-19]-24
130 12 (.| 9 8] 71 e} 4f <3 2] 0] -2) -3] -5} ~7[-11]-16]|-21
da [ 3] 3] 2] n] 9 8f 7} 6 4] 3 1| =1 —2] =-3] -6 -8]-13]-17
15 1 34 14| 13] 12| n 9 8 7 6] 4 3 2 o] -2 —4] -6 —-9]-12]-17]-22
i 16 | 5] 14 13 131 121 n 9 8 71 6 4 3 1] =1] -3 =4 -7] -9]-14]~18
17 {-16] 16f 4] 14} 131 12 1] 9] 8] 71| e[ 4| 2 1} =1 =3} -5] -7]«11]-13
: 18 | 17] 1) e 1s) raf 13] a2f n] 9l 8] 7] ey 4} 3|° if-1}-3] —4] «7]-10
E 19 | A8 171 16 e} 4] 1a] 13| 1290 11} 9 8 71 5} 4 2 1] —-1] -3} —-6] —8
A 20| 19| 18] 17] 17| 16| 15| 1a] 13] w2l n| of 8] ] .s] 3] 2] ol -1} -3] -6
‘. 2 b 21| ] 18] 8] 17| 16| 15| 1a] 3] 12] u| | 8| 71 s a4l 2] -] -2] -3
1_ ' 2}’: 2 200 19| 18] as| 17 1ef 15) 4] 13| 121 11y 9 8 71 6| 4y 2| of -2
i 231 221 211 21l 9o 9 8] 17].16] 5] 14| 3] 2| n] w] s8] 7] 5| 4] 2] o
24 | 231 2217 22] 21 201 9} 8] 17| 6] 15| 1] 13} 12 1] w0} 8] 6] 6| 4] 2
& 251 24| 231 221 21 2] 20] o] 18] a7} 16l 15| 4] 93] 13 ] o] 8| 71 s| 3
26 | 251 24} 23l 221 221 21} 201 19] 8] 17| 16l -15) 1af 131 12 1nf 9f 8} 6] 4
I 27 | 264 25| 24| 23] 23] 220 21] 20] 9] 18f 7] 17} 15} e} 13] 127 a1 ol 7} 3
28 | 27| 261 20| 25| 241 23) 22| 22| 21] 20§ 19 18] 7] 16| 15| 14] 131 12| 10]. .8
' 29 | 291 28] 271 271 20| 25| 24| 23] 22| 22] 21 201 19 18f 17] 16] 15] 14} 12} I
30| .29 28 28] 270 26 25| 24] 24] 23] 22] 22] 2| 20| 19| 18] 17} 16] 15] 13} .12
31 1931 29 20 28 271 271 26| 25| 24| 23] 220 221 2af 20] 19] 181 17] 16] 14] 13
32 | 321 31| 30| 291 28] 28f 27| 206] 25| 24| 23| 23} 22} 21] 20] 19] 18} 17[. 16] 15
33 > 32 31| 30] 29] 28] 27] 27| 26| 26] 24] 24] 231 221 21| 20 19] 18] 17
' 3a | 33| 33] 3 311 30] 20| 29| 28| 27| 27] 26| 25| 24] 23] 22] 22] 20] 19{ 18} 17
35 | 34| 34| 33] 32] 3] 30| 30l 29f 28i 28] 27| 26| 25| 24| 23] 22§ 21| 21} 20




[RPUREEEP R S

’

Almost all air contains some solid particles. Dust, sall
crystals, and smoke particles are commonly found m air.
These solid particles provide the surfaces needed for droplet
formation. Such particles are found at most altitudes, but
more of them are found near dhe earth’s surface. '

:

.

The tenm i not necasu.y 1o students, but
the sohd parhiclsy on which water will cun-
dense are’ called hygioscopic particlgs. Not
al| soltd particlos act suitably in the formation
of yater draplets, pondensmlon nuclei must
attrdct water. The amportance of thase nucle:
i the ay 1s domonstrated by the fact that
. heavy fogs ocour around industiial installa-
tions, whereas fewer fogs form in rural areas
with air of equally high moisture content.

R
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4-18. Because the tempa@aturé must be loy ‘["]4 -18. It more sohd particles are found ncar the surface
enough for condepsation 1o occur. of the carth, why do most clouds form at higher .nlmudu

PR I

You’ve scen that deereasing temperature can produce con-
d ation of invisible Water vapor.

[_]4-19 buppoae the air, bung cooled also contained fing
solid particles such as those smokc. What do you predict
would happen? -

- Nomy e 1 ae

LTI DR A SIS AP 4 T T W s g <ttt
N

Check your prediction by doing the following pruum,m
You will need these materials:

ey

.

it is difficult to duplicate a genuine cloud in
_the_laboratory. The science of cloud physics _2 large baby-tood jars (labeled “1 and “27)

is one of the Thost ditficult areas of metaor- 1 plasti oo hd - | i) TemTTITo o T e
ology. Sclentists have tound it extremcly hard p astic sapdwich ag

to observe what hs;as place in a cloud without 2 ice cubes ~

- interferipg with ndtural processes. - --- .. - 4{ot and cold water

4

ACTIVITY 4-5. Put about 50 m! of cold water into Jar 1. Then .
place a plastic bag containing two ice cubes on top of the
jar. Observe for about one minute. (Hold the ends of the bag
“with your hands.) '

Ty
L ® % 7S
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Baby-food

jar

50ml -
cold water.

Plastic bag
with ice cubes
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) ACTIVITY 4-7. Remove the bag from Jar 2. Light a match. Let Lo 0
it bum for two or three seconds. Drop the match into the jar. A .
K4 ) ) -
. R ) . 2 -
hd %
. \ o . . r
\ . .
) . )
5 . \
- "‘ . g
s e B e —— AGTIVITY 4-8.-Now pla&"the hag of Ice cubes on to the
¥ .7 - jar again. Observe for gne m ute. ' :
[ - Observe
. 't o ngmanzc‘your results in "labl«, 4-41n your Record Book.
P o Table 44 - - = - ' .
! . ‘. ' :
. e g e \?‘v WA e ey ,,\b B o . 1t Al -
3N k et - v .
.;'...‘L ?_V ~::(§'\‘ .t L 4
m o
pia -\»r'e g 1 jm- 1, wnh Table 4-4 should sh(_)w an increasing ount
3‘ .‘. EA’{T-’. -~ LOld watc: 1.:‘ -M of cloud formation in 1, 2, and 3 You may
RE e want to get some smali-group* discussion
. . A «p& pe going on why thi$ is so. The pgrucle mqgel
P - C 2 Jar 2 \vuh gt predicts that more water particles will
' — R ,:_w” hot watcr ERAIE . caping from the hot *water. because of their
RV S . . more rapid motion. This means that the af
. . e 'k&g«““;‘ pC above the hot water will contain more water
_g"" LR 3. de' 2 wnh hof. s . . vapor. The addition of smokg furnishes mork . %

. v '~,. - '}‘~-_ watcr aﬂd smokgm . -solid particles for thn water to condense on. .-

$ R L \\ i I It is interesting te note that even without the
. 4 v MEY L s e TN -'»w»mm ; e - addition ot smoke, some cpndensation oc-

' // - [J4-20. Did thc, presence of smoke pamcleq havc an elfu,t o s ’Sgﬁfg,’éé’”?g'gr;‘:&i’yaﬁm{ﬁ:?:
. ' on the amount of must that tormc,d in thc jar? . what air pollution is ail about. Vo
.:- SN . - N ! . . . ) ¢ -

. e .. % The cxpcnmcnt you did showed you one ‘way to form’ a- : 'J-, B )
ot __ choud. All-you have to do is cool wet air that contains :sohd GET 1 READY NOWL FOR CHAPTER 5 | "
AT \ LN ‘paruclcs You know that the atmospherc contains both watcr
$ o RN L d solid ticl . _ You mi might want ta have one pressure cham-

L ' N & ’ . VdBOY and soi pdl‘ ICles. A : - CA .ber appdFatys assembled as a guide. You will .
- A e . * N e s : ’ need matchedsy c1ssorsov sharp Knlfe, some .,
gt upe, _black paper Sgi has construation paper, and
N A i A 2 =
TR SRR [(J4-21. What happens to the tcmperalure of air as the’ air -  “the observatior xes usell in Chaplor 1.
- .} -~ rises to higher aluurdcs? o L . _ T it :
S R \’f'g,‘,f". " 2 . S , . s Ny . Ut
‘\ e \: ,{‘A“_&" , . - . . . . x . - L. S
R AL ERR -B’?fore going on, do Self-Evaluation 4 in your Recorﬂook. e CHAPTER 4 49
L g . i R ) .- - . . - . Do LB . ) ’ . ) ¥ . - . . : .
N A DI Y ) vl Ca : : : . :
" T 3 T - ".'J LT . . I ) o B )r\'
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EQUIPMENT LIST
- Par student-team Matchas
. Bloch papar
1 250-ml Erlenmayer flagk Observation box - The eftact of w decredto i pronsuig on
1 1-hole #6 rubbaer stopper 1 short candle condensation e added to the eftect of du-
1 pieca (5-6 cm) rigid plastic tube Heavy stning. 12-cmv length creane i temperature with altitude In fornmg
U prece (3-4 cm) rubbuor mt)mq 1 plantic sttaw doudss Ao the apward motion of VY M a

1 large air pnston Sharp knife or scissors cause of horzontal mouon, or wind.

More Reasons for Clouds ~ Chapter 5.

CHAPTLR £ MPHASIES

txcurstons 5-1 and 5-2 are keyed to this
chapter.

MAJOR POINTS _ .

. A decrease i pressure in a closed system

can cause condensaltion

2. The particle model for matter can be used
.to explain why warm air rises, why pressurg
decreaseos with altitude. and tharefore why
clouds form ovar particular areas

3. The upward motion of atr causes other air
to move horizontally

4. Diffarential heating of the ea:th's surtace
Can cause pdtierns of air movement at the
surface.

~As warm air Tises over a warm area, it gradually cools. 1f
this cooling effect continues, the temperature of the air will
reach the dew point. Water vapor can then condense to form
clouds if enough solid particles are present.
* Temperature decrease with icreasing alttude is charac-
‘teristic of air as It rises. -
o VAN

{C15-1. What other chungc occurs in air as it rises?

What eﬂe«.ts, if any, does the pn,ssun, have on cloud for-
mation? To find out, you will nced to construct your own
pressure chamber. You and a parter will need the following:

- . ’

1 250-m1 Erlenmeyer tlask -

I I-hole #6 rubber stopper .

1 short picce of rigid plastic tube (5-6 c¢m)
1 short piece of rubber tubing (3-4 ¢m)

1 large air -piston

Water

Matches




ACTIVITY 5-1. Prepare the rubber stopper and air piston as

shown.
: . Plastic
Ll * tubb
S { -\ ‘
L. E
", { - ’
hl
t . B R AN J Rubber T - o - T
%, tubing
y - -
‘ ¥ The suggestion was made at the end of .
y Chapter 4 that you might assemble one ot  ACTIVITY 5-2. Complete the assembly as shown. The plastic .
: these *'pressure chambers' as a pattern, and
1o determine what minor adjustments nead be tube must tit snugly into the rubber tub_lng. If necessary, ad.d
made for proper functioning. Incidentally, you a few wraps of tape to Increase the diameter ot the plastic
may find that a Jittle petroleum jelly or silicone tube’ - -~ _ .
. spray lubricant ‘will make the air pistons work - . o
better, easier, and for a longer time. : , :
. - P
- »
- 4
. - . . 1 .
: . ] .
m Uso extra tape . -
to insure snug fit. 7 :
X : o .
. . . * r 4 -
gh ) ' : " (5-2. Does the air in the flask contain water vapor?
3 A1 1 PN S - 483 What 1s today’s humxdnty" SV ' T
: g3 MU : ] e e v
bt L . ' .
TS Think of your ﬂdSk of air as the rising cube dlbLU\de in
; . 3 Chapter 3. As it ascends, the pressure on the air decreases.
ok B
4 . F | To sece what cffect this has, you can usc tlu. air plblOll and
) t « %2 CHAPTER & . stopper. ' : .
T . . . ) .- . - .




ACTIVITY 5-3. Push the plunger of the air piston all the way
In. Then insert the stopper tightly into the flask. Support the : ' '

flask so that it doesn’t ﬂp over. Note that the plunger i pushod all the way
1 hetorg the stoppor 18 inerted in he flask.

-

=z ,;'"V“:i/, T,

To reduce the pressure within the flask, you need only to
remove some of the air. You can do this by pulling out the
alr piston plunger. '

e
.“.‘&-‘;'_ -, v

.
e

ACTIVITY 5'-4. Place the flask on a dark background such as
. a sheet of black construction paper. While your partner holds

the flask securely on the table, quickly lift the plunger to reduce

the pressure. Try not to pull it all the way out of the cylinder.
- Observe the flask caretully as you decrease the pressure. .

. \
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[15:4. Describe any changes you obscerved within the flask
as the pressure was reduced. '

You may want 1o repeat Activity 5-4 a few times to cheek
- your observations. . o _ o CHAPTER 5~ 53

&




ACTIVITY 5-5. Add a very small amount of smoka to the air
In the tlask. You can do this by just blowing some ot the
smoke Into the tlask. The smoke should not be visible in the
flask. '

-

e N e a——

Repeat Activity 5-4 with the contaminated air,

e T T =T
2 T e -.. X " e

[J15-5. Describe any changes within the flask as the pressurce
is reduced.

-

[[]5-6. What happens when you increase the pressurc again
. by pushing the plunger back in? '

[T15-7. What effect would dccrcasing'air pressure be likely
to have on cloud formation above the. carth’s surface? Lo

-

Figure ‘5-1 _




i

The clouds you obscrved in the baby-food jars and in the

flask probably were very faint. They may, have looked only-

like a mist or fog. But then that is exactly what a cloud 1s.

If you've cver been in one, you know it to be a nusty experi- -

¢nce.

PROBLEM BREAK 5-1

You've seen faint mists form both when temperature is
changed and when pressure is changed. How would cloud

together? Would the cloud mist be thicker? Join forces with
another team and design a plan to answer these questions.
Then get your teacher’s approval. There is a space for your
work in your Record Book. -
. ¢
Let's pause for a moment and review what you have been
doing in this unit up to this point. You have been putting
together many observations of how air behaves.
So far you've learned these things:
1. The atmosphere 1§ heated difterently depénding on the
. nature of the surface of the car_th.‘Gcnérally, dry land-
masses produce more heating-of the air than do surface
waters (Figure 5-2). ~ .

Warmqr alr

- - —————formation be- affected if both. these factors were changed ..

-

Note that teacher approval is caited for in the
Problem Break. Students may need to be re-
minded that they are working with three vari-
ables temperature. pressure, and conden-
sation nuclei (smoxe particles). They may
consider the aclivities that they pertormed
previously (eftect of lowering the tempeorature,
ettect of decreasing the pressure, effect ot
adding smoke particles) as part of the experi-
ment, and go on from there. )

Cooler alr
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As explained in the teache! notes in Chapter
3, decrease in pressure has an effact on tem-
perature because work Is done in expanding

_the air against the decreasing pressure. How-

ever, trom the student's viewpoint in con-

. .sidering the system, the factors ot tempera-

ture and pressure can be consideraed
separately. ’

2. ANmm AiF Tises, of 1o say it another way, cold air scttles
toward the earth’s surfacc. '

3. As air riscs from the carth’s surface, the air's tempera-
ture decreases and so.docs the pressure on it

As airrises. ..

g PRI RS

L

EXCURSION 2

Excursion 5-1 is a practical aexerclse in-deter- -

mining cumuloform cloud heights, using tem-
perature and dew point.

The entire unit i§ aimed at developing a model
for weather. The work to this point has shown
one reason for air rising, and the things that

happen to it when it does rise. From this point,
. the model will be expanded to show other

things that happen when air risas,’and other
tactors that make it rise. .

)

e~ ~—

CHAPTER 5

——

tamperature decreases pressure decreases

Figure 5-3 _

4. Decreasing cither pressure or temperature, or both,
causes invisible water vapor to condense into liquid
droplets around tiny solid particles of dust. smoke, and
salt. These water droplets accumulate and become Visi-
ble as mists and clouds.

How high in the atmosphere does all this happen? If you

“4re interested in finding out, sec Excursion 5-1, “How High

Are the Clouds?”” N

As you know, &cientists aren’t satisfied with observations
alone. They want to explain their observations and how they
relate to cach other. Thus, they invent ideas to account for
what they seg. These invented ideas are called mental models.
You have been using a common mental model to explain
some of your obscgvations of the behavior of air. The model
you've used 1s the ‘Earticlc model for matter. - -

The particle model assumes that air and water and all
matter arc composed of tuny invisible particles. This model
can be used to explain why warm air rises. And it can explain-
why air pressure decreases with increasing altitude. But can
you use what you know to explain one day’s weather in
Florida? See if you can. ) - -
" Examine carcfully the cloud patterns in ¢ach of the satel-«
lite photographs of the state of Florida (Figures 5-4 and 5-5).
Compare the cloud patterns you sce with the map of Florida

“that'is provided with cach figure.
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[(15-8. Would you have predicted that most of the clouds

-shown in Figures 5-4 and 5-5 would be over the land instead
of the water? Why?

Question 5-8 isn’t casy. But perhaps you are closer o a

reasonable answer than you think. Try the next two ques-.

“tions.

{15-9. Where would you expect air to be warmer ir‘l/lhc
dayume, over land or over water? (Hint: Recall your in
gauon in Chapter 1, beginning with Activity 1-8.)

esti-

occur in the daytime, over land or over water? )

For clouds to form, air coptaining water vapor must be
uplifted. It is reasonable to assume that the air over water .
contains more water vapor than the axr over dry land con-
tains (Figure 5- 6) . o

Figure 5-6

H 8 Atthis poant,

__[]8-10. Where would you cxpect the greater l{pli_fl_gf_;_l_jr to

Evaporation

Jnuwens could bo eithar Yes,
or No. If students realizea that dunng the
" daytime air over land heats
arr over walter, and gssumed that the heated
air that rose had sutticient moisture and con-
densation nucler n 11, thay would answer in
the attirmative. Bul I they didn‘'t make that
assumption, they could answu the other way.

more rapidly than

" But the air over dry land is *being warmed faster and

“therefore rises. According to what you have learned about
.. air, you should expect clouds to form over land if the land

air contains enough water vapor. And accordmg to Figures
5-4 and 5-5, it does contain enough water vapor. Almost all

: - the clouds are over land. Another investigation may help you
. gxplain how the land air gets some of its moisture.

~

" GHAPTER 5
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You will nced the following:

I obscrvauon boa (from Chapier 1)
1 short candle (4-5 c¢m)

Heavy cotton string, 12-cm length
-1 plastic straw

Sharp knife or scissors

. L e C—————— >
ey —--—J

ACTIVITY 5-6. Cut a small hole: (about 4 cm in diameter) in
the top of the observation bdx as shown.

T e O e WSy TR TR TSRS S o e imIee ey o
~bt o ma e *T o g - . o

-

The candles fumis_héd in the kit may have to  ACTIVITY 5-7. Light the candle a ‘place it directly under
be cut oft in order to be short enough." . 4hg hoie in the box. The tip of the flame should be at least

10 cm below the hole.

T e

AR e, W AP CIRENN, S AR e

60" CHAPTER 5




"straw as shqwn. Light the string. its id glow but not be .
flaming. Insert the straw into the box. Observe the behavior / A 2 ;/ k b

daytime. The land (candle) is heating the air above it. Let [0t the smoke before it ascends vert- ¥

its place. | - .

ACTIVITY 5-8. Double the string and igsert it in the plastic

of the smoke In the box.

: . V4 .
o 7 N\
(]8-11. Describe what happens to the smoke from the string -

as the hot air above the candle rises.

Think of the candle as répresenting the hot land in the ' .
- 1 rn 3 5-11 - Students-should ebserve the honizontal . ...

the smoke from the string represent the invisible moist air  cally through the hole.
over a cooler area nearby. (This might be a body of wate
such as a large lake or-an ocean.), ’

(]8-12. Describe how you think cool moist air will behave
as it comes in contact with an area where warm air is nsing,
Up until ‘this last activity, you have concentrated only on

air moving up and down. In this activity, you saw that hori- .
zontal “‘(sideways) movement also occurs. This horizontal ~ The horizontal motion ot air as wind should
not be new to the students. They have been

movement is called wind. It is a very important feature il measunng wind direction and wind speed
all weather. since Chapter 2. They should even be able to

. . . operationally define wind as‘the movement of
The particle model for matter can be used to explain the a that causes the weather instrument to in-

sideways movement of air that you observed. Recall two  aicate which way the wind is coming from and
' how fast 1t is traveing. The concept that is

thlngs this mOdcl says. new is what causes air to move as ‘wind. X

1. When air is heated, its particlés spread out..
2. A volume of warm air has less mass than the same
- volume of cool air, '

.

These two ideas explain why the air moved as it did in
the observation box. As the temperature of the air above the
candle increased, its particlgs spread out. Thus, it became
lighter, so-to speak, than the cogl air in the box. The cool .
air, now the heavier air, pushed the lighter ai-up and took '

-

(15-13. What would happen to the cool air after it replaced
the warm ais? | '

-
-

Figufc 5-7 illustrates the air-flow pattéms you should ex- |
pect when warm and ool areas are side by side.

’

v : . . .
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Air tlow -
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Problem, B[&Bk 5.2 tfocuses on land-sea
breezes. Assuming that the ground is not Cov-
ered by snow or ice, wind shoula be in-
coming, toward land, during the day and out-
going, toward water, at night. This behavior
has been utilized by sailing tieets, which left
the coast for the fishing grounds in the eve-
ning and returned to land the next morning.

Figure 5-8

Suppose the cool area is adding moisture to the air, as
in Figure 5-7. 1f so, tht moisture will be lified as the air
moves over the land. ' ‘

[75-14. AWVill the increascd moisture content improve chances
for cloud formation? o

. PROBLEM BREAK 5-2

If you live near the ocean or a very lagge lake, yod may
have noticed somé peculiar things about.wind. Wind direc--
tion often scems to be related to the tme of day. During
warm, daylight hours, the wind blows from one direction.
Then, during cool, night hours, it blows from_the opposite
direction. : T

In Figure 5-8 of your Record Book, indicate the wind
ditection you predict for the two times of day shown. ’

Daytime
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- Usc what ygu know about dll‘ (V) u\plam your deci-
suon aboul wind df u.tlon

" The fact that air moves horuonmlly 1S nO xuq)rlsc, o you.
You feel that motjon fr equently. You also see it jn the motion
of other objects. Even those, things you’vé been trying to

. accoynt for-—the clouds~——are “affécted by wmd Moving air

5 v
- __}_,,._( [N
1

b FPRIES

“carties them across the sky -

Af you are interested in how fasl clouds move, see Excur-
“slon 5-2, “Building a Nephoscope.”

L%:ht and heat are. the cncrgy‘/spuras for- all. weather o

lhc _carth. You’ve seen, how they drive air up, down, and-

si‘h‘gways You KkroW lha* without hdat’litle water vapor
-epuld be’ addcd 16 air, and’ wuhout m bturc Ahere would be
no cloudsy . DA 4

)
1n the next Chdpccrs you will mv;}[xbate olﬁer cﬁ“ecls of
anr movpmcnls A.ﬁcf -as"a result, yon I lecarn more about

ﬁnd an cxp

prcdxcting am} x&ﬁ)ldmmg weather changes. Yoxnay cven
“e

ti .fog rain. *

. »
* "‘; __ éﬂﬁvaluation.s in your Record Bogk.

N

k3

4=n<el SSION

e

v P o et v e e

»
e e e e FE A S

Excursion 52 is an extension excursion for
better students. It requiras some equipment
that is not furnished, some caretul con-
struction, rather dlﬂlcult measurements. and
a lmle math. .

No equlpmem nead be prapared for Chapter -
6. {he only. article neuded is a straightedge,
whi could be a ruler, meterstick, or even
tha edge of a lablet or book.
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EQUIPMENT LIST . . : MAJOR POINTS

1 straightedgo 1. The simple hoated-air modal cannot ex-
plain all cloud tormation.
2. n areas whera cold air comes in contact
with warmer an, clouds may form.

Other Cloud Formers Chapter 6

.

- No excursions are keyed 10 this chapter. ] * 3. Clouds tend 1o torm over areas of low bar-
: : ° ometric pressure.
_ 4. When moist air is pushed up the side ot
7 e GHARTER- EMPHASIS - - a mountain, clouds may form. .
i o 5 A system of symbols and numbers can ba
Other factors besides convection ¢ause up- . . used to indicate weather conditions on a map.
ward motion of alr and cloud formation,. . 6. Lines connecting points of equal baro-
) . . metric pressure are called isobars.
7. The pattern of wind direction 18 counter-
[ , ] clockwise in a low-pressuré area.
' : . . L . © 8. A scientilic modet can be modified or ex-
An unmanned weather satellite orbiting far above the earth  panded to oxplain additional observations.

took the photograph shown in Figure 6-1. The picture shows
the pattern of clouds over about half the carth s surface. It

was taken on May 8, - . . | Figure 6-1

e




Studonts are being called upon to expand
theirr model of ctoud formahon. Some may

noud roassurance that this Is a common and - . Yo . . S U NN oo
acceptad practice with scientific models. tis ‘_l iguic 6-2 w Ul help you adenuily w here the clouds
interesting to noto that the heated-air model Figure 6-1 are located.

took 5 chapters to develop, now, it is being .
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As you lpoked at Figures 6-1 and 6-2, you may have re-

- alized that cxplaining such a widespread cloud cover is very

_ complicated. Several features (like the cloud spiral over the

oxpanded 4-fold in this one chapter. Of northern Pacific Ocean) can’t beé c_xpl.amc;.d with the :f.nmplq
course, all the material in the 5 chapters was  hcated-air model you’ve been thinking about. Obviously,

: :}ﬁ: ',‘,’,i‘di:,'_" ?,?-,ztc?:f;;fsmg,tgﬁ;?;l;’f’g‘:e‘;f . clouds don’t Just form over lanq arcas cither. You can sce
- gure, wind, and’ all the other ftactors of’ that much of the Pacific Occan is shown covered by clouds.
weather will still have a direct application to . o o N _ ' .
" the new parts of the model. For instance, in. .. «
. orderfor clouds to fogm for any reason, there ¥ . . '
- must be moisture in the alr. T ' :
. T T et L
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Factors other than arr-temperature dillerences above
ditlerent carth surfaces must be involved in forming clouds.
Something else must be pushing the air upward a those |
places where heavy clouds are forming over water. What is
this force? p |

Take a closer look at the spiral area of cloud formation
m the upper left-hand part of F}gurc 6-1. Figure 6-3 shows
an enlarged drawing of this feature. Examine the general
shape of the cloud pattern. Notice particularly the two “legs”

that project from the central core of the pattern.

b . . o R

In Figure 6-4, symbols and numbers’ ha\h/c%ccn addcd‘ O as used netéorologists, jhe clusters wof .
the diagram of the cloud spiral. Each symbol cluster contaifts Sy;?bg. and numbers shown i Figure 6.4 s ;

' , v ed a stati 1 S
values for temperature, barometric pressure, wind speed, and 4l station model. <

~wind direction, . - .. e, - CHAPTER 6 . 6% w» ™
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Al - C . " : An official U.S. Weather Bureau map has i
! ‘ coo e : _ . _many other numbers. and symbols squeezed
k- §! _ T - . Figure 6-4 . ' onto it beside the readings of pressure, wind ¢
LY T ' ’ © - direction and velocity, and temperatwe t
- ‘ ' . : " shown here. . . i
K -~ . . T
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l-‘igurc 6-5 shows the meanmng of these symbols.

'W'"d speed

mph Symbol

Lass than
1

Wind direction (ls down the
stom toward the clrcle.)

29 29.52

81012 ' _ _— N

Temperature (°C) Barometric pressure

131018

v

19 to 24

25 10 31

. N : -

Notice ﬂwt the *border of Figure 6-4 is labeled like the
border of a ¢ity map. This makes it possible to locate arcas
on the drawing easily..For example, the location of the sym-
bol at the very top of the figure mjght be described as M7.

. ’ . ’
+[_16-1. Using the border symbols and a strai ghtedge, describe
the_following locagionis by letter -and number.
Highest barometric pressure-
. . T L It should be reasonable to expect students to
Highest wind VC]?‘”)’ - . _ : be able to identity and read these four factors
Lowest baromcmc pressure ) ) ot weather trom a map at this pomnt.

~ Highest temperature | . : 6-1. Highest pressure--A12, A14 (30.20)
Lowest temperature, _ - Highest wind—F5, 13, J5 (13-18 mph)
: ' . ) . ) Lowsest pressure—t5, H6, J5 (29.40)
. . : C . HigRest temperaturo—A7 (26°C)
S Examine the clusters of measurements in Figure 6-4.care: - . Lowest temperature—H1 (3°C)
. fully. Try to find a relationship between the numbers in these. '

-7 and the pattern of cloud formation. Look particularly for
large differences in temperature and pressure within a small
area -and the effect of these differences in terms of cloud

.-forma'uion._;- : ‘ . oLy  CHAPTER 6 - 69
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It will be intergsting to see it students discover
any relationships in question 6-2. Tha more
discerning may note the pattern tormed by the
staffs (wind-direction arrows) a3 thay shift
trom generally northerly on the left side ot the
map to generally southgrly on@hd right side.
Temperature and pressure difforences are
harder to see.

 WEATHER WATCH!

g _ Note that attention is focused only on the
i differences in temperature of the air on either
i side of the cloud line at this point, and not
L ~ - on tronts. The groundwork for the study of
: tronts Is being laid (‘"Moist air is apparently

! lited ¢n some way . ..") but they are not

_ . studied until the wmg chapter.

- <

. 66. Pressure "difterences (a low-pressure

o area)
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[ _16-2. Desenbe any” relationships you think you find be-

. . . 4 .
tween the pattern of cloud formation shown i ligure 6-4
and the measurcments of temperature, pressure, wind speed,

and wind direction,

Now let’s find out if you've discovered any unportant
relationships between the cloud patterns and the symbols.
Run your finger along the “leg” of clouds extending down
from-the central core of the spiral. Notce the temperature
readings on the two sides of the leg.

 [16-3. On which side of the leg (cast or west) are the tem-

peraturcs'lower? Compare any differences in temperature
along the lower leg with those in other parts of the drawing,

‘Examine the tempgerature differences on the two sides of
the other leg—-the one extending toward the cast (rnght) from
the central core of the spiral. :

-

6-4. On which side (north or south) of this leg are the
temperatures lower? :

. o ‘ i )
[26-5. How do the temperature differences on the two sides
of the legs compare with temperature differences found else-
where in the figure? ’

The two legs of the cloud spiral lie in areas in which cold”

“air is in contact with warmer air. In one case, the warm/'\ir
lies to the cast of the cold air; in the otheryﬂ\lics to the
south. These temperature differcnces arc important. Moist
air is apparently lifted n some way to form clouds along
these two lines of rather sharp temperature ditference. »
Now examine the central core of the cloud spiral for a
moment. The presence of heavy clouds suggests that air 1s
being lifted 1n this area, too. But the temperature differences
at this point are not so sharp as those along the legs of the

spiral. Some other cloud-forming factor must be at work in

-

L

the core. | . -
(16-6. ‘Besides temperature differences, what other factor
produces cloud formation? - T
LI e . L4
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If you have.-been keeping'your daily-weather watch, you've  two other cload-tormung factors wore intro-

learned by now that air pressure varies. It is slightly different  duced rather abruptly on the preceding page.
The mechanism tor uplift on lines of tempera-

from day to day even at the same spot on the earth. In ture difference (fronts) and around areas of

keeping track of pressure changes, weather scientists (mete-  low pressure (convergence) Is not explained
1 ist fit 1 heit Dressur s (s v il hare. From examination of photos and maps,
orologists) often plot thgir pressure measurements on' spegia students must accept the fact that clouds do

‘mdps. Then they draw lines through all equal barometer  formin these areas, and wait for a more com-
rcadin’gs plottcd on’ the map (Figurc 6-6). - + plete explanation of the reasons later.

Figure 6-6

7
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Encourage students to -take thawr time in
drawing the isobars. It thay draw light hnes
with a sharp pencil, it will be easy to erase
and correct them.

-

The rising of air and formation of clouds
around a “‘low” is quite understandable. If
students accept the fact that air blows into a

tow-pressure area, like water tlowing into a -

jow depression on the earth, then air is com-
ing in frém all directions. There is no place
thig air can go but up. After tiowing over the
gri)und (or over water surtaces) it has picked
up moisture. and when it rises, clouds are
tdrmed because of a decrease in tamperatyre
and pressure. . :

-
’

72 CHAPTER 6

ACTIVITY 6-1. On Figure 6-4 in your Record Book, connecl
all equal barometric readings with lightly penciled lines. The
lines should pass directly through the station circles that have
the same barometric readings. These lines should be
smoothly curved, and no line should cross another.

Lines connecting areas of cqual barometric pressure are '
known as isobars. (Iso- is a common prefix meaning “equal.””)

[716-7. Describe the pattern of barometric pressure revealed
by the isobars you drew on Figure 6-4. -,

[16-8. Is the barometric pressure fairly high, or fairly low,
where the core of the cloud spiral has formed? (Label this
center on your Figure 6-4 as “High™ or “Low.”) -

Well, you probably agrec now that the arcas of greatest.
.cloud formation in Figure 6-4 lie along a lin¢ of sharp tem- .
perature differences or over an area of low barometric pres-
surc. This s:uggcstsr that sharp differences in tempetature and
pressure arce acting as cloud-forming agents. Therctore, these
variables have -an important influence upon the weather.

Clouds aren’t the only thing of interest in Figure 6-4. Take
a look at the wind directions indicated there. Notice particu-
darly the felationship between wind diréction abd the isgbars™.

" you drew on the figure. -

L ¢
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{]6-9. Describe the pattern of wind direction in the arca of
low pressure on F igure 6-4 (clockwise or counterclockwise?).

(J6-10. What relationship, if any, do you notice between the
‘pattern of wind dnrccuon and the spiral shape of the cloud
mass”

Larlier, you used 'a model for the cause of wind that Clockwise
depended upon unequal heating of the carth’s surface. (If
you need to review this idea, see the last part of Chdplu
3.) According to that model, wind is simply cooler air moving
into an area of greater heating.

JESESEEES

Counterciockwise

~

Better studepts may question why the winds
around a low-pressure area have a counter-
clockwise circulation. After all, why don't the
winds just go straight in to till up the “low™?
Without going into the scientitic rea<ons for
this deftection from a straight-line motion, the
studants will have ta accept the behavior on-
the basl ot thewr observations. That's simply
the way moving air behaves. But actually, the
reason tor the behavior is the force called
Coriohs. On a nonrotating earth, air (and
other moving particles) would travel in a
straight line. But because of the earth’s rota-
tion,:a body in motion In the Northern Hemi-
sphere Is deflected to the right. (In the South-
ern Hemisphere, it is detlected to the left.) So
ar that starts to biow into the center ot the

“low™ 1s ‘bent to the right of-its direction of
rjotioge Try it with a diagram on a piece of
paper. and you will see that it tesults in a-

N A N

¢
A

+ The situation in Figure 6-4 is more complicated than that.
The low-pressure area 0bv1omly has a great effect on the
movement of air. The air scems to move around the arca
in a counterclockwise direction. This w1ll become morce imr
portant in the next chapter.
~ You can sce that many problems _complicate the task of
making predictions’ about weather. "Sometimes ‘more than
one wedther-influencing agent is operating at the same time.’
~ Then it is hard to decide whu.h of the dsscmblcd data is
~most important.
At this point, you may be rcady to consider what you’ve
. inferred about the effects of low-pressure arcas and lines of
. temperature differences as part of your weather model. Be-

counterclockwise circulation.

Incrdemally for you pyrists in science, Corio-
lis torce is a fictitious quantity. We have so
firmly believed a body in motion remains in
motion in a Straight line unless acted upon by
an outside force (Newton's Law).that when we
see a body deviate from a straight line we teel
that a force must be acting on it, and wa give
the force a namea. The catch'is.that Newton's

- Law only holds true in an inertial frame qf
'reference A rotating body is not an inertial

framo, but a rotating fraﬁ of reference, and
the body only sesms to clitve, because of the

- éarth's rgtation. B ’

-
v

.CHAPTER 6. 73

d:RIC

FullToxt Provided by ERIC.

EREE




PRI R

R i

oo

;

%
W
3
by
8
&1
R
®
.(.t ]
kY

L4

S
,1-;:_

Ee

s p A % SIEEAL T WAY D Oy poon
pitv- fendBRRIIP LSRR TR By vim sl CRREREEE

’

These are actual satellle photos, with the
latitude and longitude lines, isobars, and sta-
tion modeis added.

Figure 6-7
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fore you do, however, you should 4ind out whether the ex-
ample in Figure 6-4 was an isolated situation. Do the rela-
tionships you obscrved hold true in other situations, 0o?

Figures 6-7 and 6-8 cach contain a satellite photo and.a
sel of weather data collected at the time the photo was taken.
Examine each figure carcfully. Try to find out whether the
relationships you found in Figure 6-4 hold for these arcas
as well. -
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{.J6-11. Desceribe the How of air near the fow-pressure arcas
m Figures 6-7 and 6-8 (clockwise or counterclockwise?).

[16-12. Describe how the distribution of clouds in the two
figurcs relates 1o the pressure and temperature data given,

(1]6-13. Arc your apswers to questions 6-11 and 6-12 what
you éxpected?

q

Note that these are other areas ot cloudiness
besidas thone centered around  lows and
dong hines of sharp tamparature ditlferencas
You might have to point out to stadonts thit
clouds are foumd i tha shy even on pleasant
days. :

Figure 6-8
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Students will have some ditficully with tht

prablem broak. One problem will be draw-
ing the 1sobars. The pressures given are not
all In nice numbers ending 1 2610, SO stu-
dents have to sstimate where the 29.50 and
29.70 lines qo. As you undoubtedly reghize,

.the dotted tine Iindicating a sharp ditterence

in tamperature is really a tront (which stu-
dents do not yet recogmze), and it should run
roughly trom Jacksonville through Yampa.
Actually it is a cold front, traveling toward the
east. The isobars shoutd “iank,' r have a

..sharp bend at the dotted temperature ind. but
students don't know this yet. either. Cloudi-

ness should ba shown along the dotted lin

.

PROBLEM BREAK 6-1

Fignre 0-9 shows the Florida peninsula once more
Weather data have been included on the map. Your pmhlcnf-g :
i o sketch on the map the pattern of clouds you would
predict on- the basis of the data shown. In making your
prediction. you may assume that lines of temperature ditler-
cnce and low-pressure arsis are cloud-forming ageuts, This
time, however, you may neglect the tact that the difference
in temperature over land and water can cause cloud forma-
tion, too. (1t is still pagt of our weaer model, but we'll put
it aside tor the moment.) . .

Complete your sketeh now. Start by, drawing in isobars
of 29.50 and 29.70. The 29.60 isobar has alrcady been drawn
in. Note that there is only one reading ot both 29.50 and
29.70."'1;hcrct'orc, you witl have 10 use your judgment and <
expefience 1y drawing the isobars. You should also draw a .

" : . : o :
' dotted line where you think there 1s a sharp diflerence 1
temperature. Shade the clouds as your last step. -
Figyre 6-9 -
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Then soe how your conclusions comypare with those of other .
“students.. Your teacher can ofter you\>omc advice if you arg
havmg dxfﬁculty with this activity. »

. In thc next chapter, you will make the final test of your .
R " model far weather. You can judge your model by seeing if

N “1t helps you make predictions about weather. First, though, )
S you nced tp look at onc pther air-lifung (cloud- forming 2)

A - factor. . :

»

Because the earth’s §urface is very 1r‘rcgglar, air must qftep " Figure 6-10 .
“flow up over mountains and down: into valleys. A$ air is T
pushed up the side of a Mountain, it 1§ cooled, and there ' ' .o
is less pressure from the atmosphere above. R - ’
. . vt R e

T - ; : 2

P
-
&

"’

~ - . X . >t <

.[36-14. What result would you expect as moist air moves

- up and over a mountain? . . - «6-14. Clouds should form. . -.CHAF’TER 6 77




The explanation of uptift of air by geodraphic

features 1s ralatively short, howevepp this type ] ] ) )
of liMng to form clouds (called vrographic Lhe upward flow of moist mr has preat sipniicance an
uplitt) I3 ono of tha oasiest to wisualize. This  pountainous regions. There may be abundan} preapitation
tactor does have a protound effect on citmato . . . . . .
All tho major Jesodfs and dry areas of tho on one side of a mountain but litde on the other side. For
warld are found on the luo sido of the pre- cxample, notice in Figure 0-11 that the vegetation s not the
valling wind of mountains. The Sierras and the . - .

Rockies are wet on ther western slopes and same on the two sides of the mountamn.

dry on the eastern, with a prevailng ‘west

wind. The Hawaunan islands, with an olevated

wantral backbone, hg[a an extremoly wet side

tacing the steady northeast trade winds, and

an opposite, very dry side.
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Figure 6-11

AT ot ke W

[)6-15. Explain why there is more vegctlation on-one side
of the mountain than on the other in Figure 6-1}.
You have been introduced to several factors that can pro-
duce cloud formations. Landforms may produce air lifting.
Sharp changes in barometric pressure and abrupt tempera- )
wure changes can produce clouds. And, as you saw carlier,
This problem break gives students the oppor- surface heating of land areas can produce cloud formations,
tunity to test their understanding of this fourth especially along coastal regions.
part of their model for the uplitting of air. .

PROBLEM BREAK 62 @

Here’s your chance to use some of your cxperience 0,
make predictions. In solving this problem, consider two ways
~that air is forced upward;.

" (a) by the differential heating of the carth's surface and
(b) by mountains. . T - . ce

T
!

~ An acrial view of Tggy’s Island is shown below. There are
) .. T e . o ~
three. communities on the island. The direction of the pre-
vailing (usual) wind is shown’by the arrow,: - .
. ) N B e . B °
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In the space provided in your Record Book, discuss the
weather you predict for each of the three ¢omnunities. An-
swer such questions as the fdllowing:- Which community has

~the cloudiest, and whicl has the clearest, afeather? Which
community gets the most, and which gets the lca%_ rainfall?

. "

o

- 'Before going on, do Self-Evaluation 6“\ your Record Book. _lggyvulle Pieasant weather, moderate raintall,
- N T periods of cloudy and clear skies.
: lggyburg: Poorest weather, heavy rainfall (or
. snowtall), heavy cloudiness. .
lggytown: Dry ‘weather, very lmfﬁ lt any rains
fall;-cloudless skigs.

B”_‘ﬂ _ o -

B

v No equipment need be prepared for Chap~
tar. 7. » . 7

v CHAI?’TEH_G 79
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CHAPTER EMPHASIS

AW masaes meet to torm fronls, and move

across the country, forming®a pattern of
weather. : /

. ~

Moving Weather -

&

EQUIPMENT LIST .
1 )
None

Excursions 7-1, 7-2, and 7-3 are keyed 8 this
chapter. )

MAJOR POINTS

Vo Predicting we gher by the developed modet

depends on knowing wheTtona or more of the
four agents for hiting air will be operaling in
your aroa. Theso agents are: .
A) ditforentially heated earth surtaces
B) contact between cold and warm alr

" Chapter 7

C) low barometric pressure.
D) certain geographic features such ag

1 1l Y ’
Q a Q | "
Qjfe % a -

-

Ae'cordihg to the.model- yxu‘vc devclopcd, the uplifting of

air has important eficcts upon the’ weather. This, process

“appears to be linked to cloud formation. Thus, it is respon-
sible for all kinds of precipitatton (jain, snow, sleet, and hail),
This lifting process also scems lird!

When you began this unit, your objegtive was to learn to
predict the weather. The air-uplift modefgugpests some wyays
to do this. Suppose you could somehow Know in advance
when uplifting air would occur in your aréa. This would let
you make some good guesses as to what (o expect in terms
of'cloudiness and wind. But how can you predict when air
1s going_to be uplifted? ' C .

" According to your mollel, air is uplifted in at least four
major argas.” RS

-

P

. .. PPRUN ’ oy
1.,Over a surface where ‘air is heated.

‘2. Along lineg where
perdture. N

*3. In arcas of relatively low. baromeltricfpressure.

. 4. Where there are geographic features such as mountains.

e 101

/
there is sharp diffegnce in-air tem-

Y

etl to wind characteristics."™

" tively cold air displacing relatively warm air.

o Thié Is the' model at this point. Students
should be expected to know the four

2. Lines of temperature differences between
lwo alr masses are called fronts,
3. Fronts and low-pressure areas are assocl-
ated with each other. They move togather,
4. Air masses, low-pressure areas, and frants
move generally trom wast 1o east.
5. The approach ‘of low-piessure areas and
fronts can be predicted by clouds, wind di-
rection, change in barometric pressure, and .
temperatura change. C

6. Awarm front is caused by a relatively warm

_»mass of air advancing over a mass of rela-

tively cold air. . .
7. A cold front is caused by a mass of rela-

8. Advancing cold ‘fronts lift warm air. Ad-

vancing warm fronts- result in the warm air
being lifted. : T

. 9. Fronts do not all move at the same speed

or in the same direction

.-10. The amount of moisture in the 1ir controls -

the kind of weather along the front.
11. Precipitation can be in the form of rain,

i

snow, sleg};or hail.

»

major *
areas. ) :
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" Predicting when air will be lifted really boils down 1o
knowing when one or more of these agents ¢xist in an area.
Since mountains and seacoasts don't mové, it is fairly casy
w predict their cffects. But what about lines of t¢mperature
difference and low-pressure arcas? Do these things move
about? If so, is there cnough order 10 their moving o allow
predictions to be made? Figures 7-1 through 7-4 will help
you find out. < i

Figures 7-1 through 7-4 show temperature and pressure
data for most of the United States on four days in April.
Two-maps.appear for cach day; onc gives temporature, while

. the other, gives pressure information. Areas of low ‘pressure ==

Here the fronts (lines of temperature ditler- and high pressure are labeled with an T or an H 00 the
o have boen named and the symbols  pressure maps. Lines of temperature differences (fronts) and

given for them. Students will not yet know the o . v
. characteristics of a warm front, cold front, of cloud cover are 1_§1dxcalcd by the symbols identified below.
d . .

statonary tront. That comes later.

LA . -

FRONTS ' CLOUD COVER . °

in the n_eid tour pages of weather maps, data
trom the stations and the lines drawn have -
“been broken into two parts, an ~a" and a *'b" o
- for each map. This was done 80 that the maps 1 ' PR Partly
would not be:too cluttered with numbers and | _ cloudy -
symbois, and aiso 80 that students would see '

. tha préssure pattern and the frontal (lemperay’ )
T twre dlﬂe_renue).panern‘ separately, and the
.. {earn to connect them, Map “a” of each p ir
., gshows wind dlrections, wind .speeds, high-
M | and tow-pressure areas, and isobars labeled
by 4 in inches of mercury at 0.11- or 0.12-inch
) ‘,‘.‘ © -Intervals. Map “b" of each ‘pair shows wind
1{ . diractions, wind speeds, temperatures, and
.~+the lines of temperature differances at the .

* three kinds uf fronts.-. .. - | Stationary
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Figure 7-2a

Figure 7-2b
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Figure 7-4a
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For those who are interested. the “"hooked” mass of cold air surrounding the wacm air has

frontal line in the upper right-hand corner 1s come together and occluded (completely

really an ocgluded front. This means that the lifted) the warm air.above the earth’s surface.
o -
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(C17-1. Did the low-pressure areas, shown first in Figure 7-1a,
move during the four-day period? If so, in what gengz,u'
direction? '

L17-2. Djd the lines of temperature difference, shown first
n Figure 7-1b, move during the four-day period? If $0, 1n
what general direction?

Both pressure areas and lines of temperature difference

-# ' do move. Those on your maps wandered farther to the cast
during thg four-day period. -
The fas

that cloud-forming agents move makes the job -

Ao guess i adVance: when -one of these systems will ome
. 'your way. Let’s see if this can be done. First, we’ll consider
the problem of predicting the approach of a low-pressure
system. ~ _

Suppose you were living in Syracuse, New York. On Day
1 of the data_period (see Figures 7-1a and 7-1b), a low-
pressure area would be lying to the west of. you. Examine

the data for Days 2, 3, and 4 and notice what happens in

_passes by, . .

[:]7-3. What H'appened to the barometric reading in Syracuse
as the system moved through (rose, fell, or remained the
same)? ' . : :

(17-4. List the changes in the wind direcm Syracuse as
the system moved through. o

(J7-5. List changes in. the cloud cover as the system moved
through Syracuse.. o : :

| [(17-6. What observations could have been used two days in
advance to predict lhal,. the low-pressure area was moving

- into Syracuse? -, L ' : L.
~ Now _l.él’s_l'(%o.k-for signs that could be 15ed to predict the
approach and passing of lines of temperature difference. For

this, you should study Figures 7-1b, 7-2b, 7-3b, and 7-4b.
. Suppose you were liviﬁg ji'n Fargo, North Dakota, when
‘the data on Figure 7-1b were collected. At that point, a line

[

. e =

of weather prediction more difficult. You must find some Way..

Syracuse as the low-pressure area approaches and then

of temperature difference would be lying to the west of you..
A AR _ -

The movement ot low-pressure areas and of -
lines of teimperature difterence becomes a
Part of the model, and is therefore important. .
Students may have to be reminded that «a
good scientific model (1) explains observa-
tions or phenomena and (2) allows predic-
tions to be made about further behavior. it is
this recognition: of mpvement that will be the
key to prediction of weather,

T

7-6. Observations .of barometric pressure

(falling) and wind direction (shifting trom Sg
toS) . ) '

3




117-7. Is the air behind the line (to the west) cooldr, or
warmer, than that in front of 1?

Examine the temperature closely for Days 2, 3, and 4 and
notice what happened to the weather id ‘Fargo as the line
of temperature difference moved through.

[}7-8. What happened 10 the air temperaturc as the line
approached and moved through Fargo (rose, fell, staycd the
same)? ~ :

[)7-9. List the changes in the wind direction as the linc
approached and moved through Fargo. .

3

7-11. Falling barometer reading and the ob-
ser.ation of a shift in wind direction trom sSw
to S. or possibly the observation of an in-
crease in cloudiness. (Note. however. that the
- air temperature is not a reliable indicator of
the approach of the temperaiure difference
line, but it does tell when the line passes the
station {Maps 3b and 4Db]. it was a warm front,
and the temperature jumped up from 3°C to
‘18°C.)

7-12. The line approaching Seima s a cold

_ front: the line approaching Fargo is a warm
front. .

T

88 CHAPTER7

J7-10: st uLlanBCm" a—he cloud. cover.as l.hﬁ.”lm(j_&p‘ .
proached and moved through Fargo. )

[17-11. What observation could have told you on Days 1
and 2 that a line of temperature difference was approaching
Fargo? . . . R

Now consider the weather in Selma, Alabama. On, Day'
I, an approaching line of temperature difference lies to the
west of that city, too. But it’s different from the one you just
examined. Look carefully to sc¢ how.

[(17-12. How docs the line of temperaturce c¢hange approach-
ing Selma differ from- that approaching Fargo on Ddy 1 in
Figure 7-17 ’ o ,

- 0
 Look at the weather data for Selma over the four-day
period. . '

-

. [J7-13. List changes in the cloud cover in Selma as the line

~ of temperature diflerence pagsed through.

- [O7-14. List changes in the wind Hfr’épsij‘)n as the line passed
" through Selma. -, Co e _

[]7-15. What happencd to -the -air temperature as the line .
. passed through Sclma? L N

[37-16. What -happen.ed to the barometric readings .a§ the
line passed through Selma? . o
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(}7-17. What observations could have told you in advance
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X - hat this line of temperature difference was approachmg-
- . a EA ' .
R Selma? 7-17. Increasing cloudiness, wind 1<)m the
n ’ SW and 8, falling barometer YA
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Perhaps you now sce what “lines of tcn‘lperaturc differ-

- ence” really are. They arc the edges of moving masses of
« warm or cold air. They are called Sfronts.

A warm front is@a mass of relatively wagm air that advances
Into a region that is relatively cold. As the warm air ad-
vances, the lighter, warm air is forced upwzird over the
heavier, cold air. This process typically takes place over a
large area. In a warm front, both the air masses are moving
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ing faster than the retreating cold air masgs.
To visualize this motion, imagine that you are looking at

. €ross section) would be what you would see if you sliced
down through the front from lop to bottom and laid it open.

-

Wa(m F(On\

- Warm.

air .
cold 8% m

400 km

Earth’s surface

K—

|

¢

o : : Cold Front

A cold front is a mass of relatively cold air that is dis- =g  Warm
- ' placing relatively warm, moist air. The warm air may be . air
R moved upward more quickly than it is in the usual warm ., -]

front. -Thereforc,. the slope of the cold _frbnt 1s steeper than
~ that of the warm front., Figure 7-6 diagrams another side
view of the’frontal system. Study: Figures 7-5"and.7-6 care-

_Figure 7-7 shows a different view- of ‘warm and cold

fronts—as if you were looking down upon them from out
.. in space. T&i’s is the view you get when looking at a weather.
2 . map. Symbols . used by meteorologists ‘are shown in the
You figure. - v / e,

“the front from the side as it passes by. This side view (or -

Figure 7-5 diagrams what a warm front would look like. .

_ fully so that you understand thoroughly the-difference be--
T tween warm' fronts-and cold fronts. _

in the same directign_.._flfl_)c_'ad_van(;i_r_ig WAL AIL MASS 1S IOV~ r e oo ae 2

~ Figure 7-5

1500 m

. T te N
A front is named by the air that is doing the
displacing. It warm is displacing cold, it's a
warm tront. If neither air is advancing and . -
displacing the other, It's a stationary ftront..

1500 m

253

" Cold ; . .

alr ) RR S
LA s

F————120km

Flgurer]\«b‘ B T
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Figure 7-7

A tront could be detinad as a ling ot dincon
tinuity between two dissimilar air masses By
\"";_-.f.disslmllar air massus Is meant temperaturae
- and amount of maoisture content (humidity)
The air masses are dissimilar bacause of (1)
where they came trom and \(2) wherg_ they
have been. (That's like the ditferences in peo-
pte being due to heredity and envlironment.)
For Instance. if the air came fréim northern
Canada. it would be cold and dry..In its tfip
south, it would be warmed and moistened - i
some. But It still might be colder and drier Warm air mass .
than air that came from the Gult ot Mexico. b
even though that air would be cooled and
perhap® dried some in traveling north.

+

Notice also that the lsobars are “Kinked’”
(make a sharp bend) as they cross the front.

This is ope means of locating @ front on a N X . R
. weather map. _ _ Notice the relationship ef the fronts shown in Figure 7-7

to cgh other and to the low-pressure arca. The gencral shape
should ‘be familiat o you. You've seen it on thd wevther
maps you've been studying and in the photograph shown
" “gdrlier and réproduced again in Figure 7-8. @ .

Warm tront W“ )

C-old.f_ront

e

e <

Y =

eSS T

g ST T R

Figure 7-8-

Full Tt Provided by ERIC.
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In both l-'ig:xrc 7-7 and Iftguré 7-8 the two fronts and the
low-pressure area actually form one large system. Look care-
fully onu more at b né‘uus 7-1 (hwu&h 7-4. As you do,
to answer lhcsc qucsllonb ~

o .~
e

{\‘[_ﬂ -18. Arc the fronts on the tunpcmluu maps located in
he same gencral arcas as the low-pressure arcas on the

pressu® maps?

[117-19. Do the low-pressure areas mové at roughly the same
rate and in thefsame direction as any fronts near them?
Well, the pattern on the maps is not completely clear, but
two things are apparent. v -

e F Tonts—age always assocrated- with low-pressure areas.

2. Fronts and pressure systems move Across lh% country
“together. 3

Al this point, you have the chande to stop and gather your
wits. You are to look back over all the photographs, maps,
and illustrations' in the last chapter and this one. Build a
picture in your mind (d model) as to what happens to the
weather in an arca as d large pressure system’ approaches
and’passes through. Take plenty of ume for thought. It will
be important to what you will do next. Use the questions
"below to gpide you in your thinking. You should discuss
_these questions with othegs who are at about this point.

1. Approximately how wide is the band- of cloudin_cs‘é as- |

. sociated with -a warm front? with a cold front?with
a low-pressure arca?

does it extend? (See Figure 7-7.) .

3. What is the pattern of winds around-a low-pressure

- frontal system? (Sec Figures 6-4, 6-7, 7-1 and 7-2.)

4. How far do cold fronts, warm fronts, and Jow-pressure
areas travel in a day’ Do\thcy all move at tlu same
rate? (See Figures 7-1 and 7-2.)

frontal system is approaching an arca? (Refer to ques-
tions 7-2 lhroubh 7-17) :
What is the relationship of a thx -pressure area to the
movement and cffects of a low-prcssurc tromdl system?
(Sec Flgurcs 7-1 and 7-2)) -

How far ahead of cach type of trom or pressure arca

5. How can you tell in advance when a low-pressure _

Thisas one of the ot dithicult things 1o gt
siudont. tncoutage small group (s
cussions on these quastions Ot course, stu-
dents are wurking trom a lunited numbér gt
observations ot figures, photogiaphs, apd
-maps, and most of these have been general-

to ey

izations  All the things thay have examined

will be subject to exceptions 1hey ara getting
ready to prodict the weathef Actual pregic-
tion 1s at bust.a complex and complicated

task. oven with data trom many sources not - -~

currently availlable to the students.
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When you feel that you understand how passing fronts )nd
low-pressure areas” aflect weather, you are almost ready to
apply this knowledge to your local arca. Before you try o
do thi€, 'though, you nced to consider two morc subjects. The
first is precipitaton (rain, snow, sleet, and hail). The sggond

i&f:loﬁd type. . . \
Preclpltatlon- o

Wl’ly does rgin or snow hll frQm_onc cl}).ud and not trom

~ anothgr2 Why is this precipitation sométimes a downpour
_and sometimes only a sprinkle? Why does precipitation occur
“n so many different forms? These are not casy questions -
to answer. In general, it has bcen rpore difticult to explain -
how precipitation gets out of douds than 1t has. been to

i % explain how clouds form in the first place. '

. .y If yoy are interested in learning how to make raindrops,
 EXCURS (0] l‘} . see Excursion 7-1, “And the Rains Came Down.”

' ' e In Chapter 4, you-learned that water begins collecting on
ng“;;‘(’:'i‘pz‘:“f:‘ 3‘;‘:2;‘:{:‘8"}?‘g°§e‘;’:£§ggg dust and salt particles when the tempcrature falls below the
eory of raindrop formation. dew point. According to your model, this is what causes

S . cloud formation. If the droplets combine infQ larger and

In the figuies that follow. note me‘va,yi,{g lfrger ones, they become 100 heavy to stay aloft. Then they

weather along a.front, depending on the  fall. Falling water (raim, snow, sleet, or hail) is called precipi-
moisture content of the warm air. The mois-  * . . * .

ture In alr is the storehouse of energy for that Jauon. " . ' _— ‘“«
alc.The latent heat of water s such that zhen (}Alon fronts, warm air slides up over cooler air. As 1t 1§
~water vapor condenses to droplets, a huge o . are s . . . } T
N ot of hoat I8 given oft. This heats the air, l.l.l((,.d, the warm air cool.} l?elqw the dew points. If the warm
which tises, cools, and causes further con- a1l {8 qlz:g\wlst (humidity¢is high) and/or the cooling 1s

s seiere,
”~

e
.

T T
. C e

-

depsation. Violent weather may result quit precipitation is the likely result (Figure 7-9).

] . T,

Figure 7-9 .

Warm Alr - 11 " warm Alr
with High * with High
Humidity _ - Humldity

»




& : « {thas beon said that a tarly respectablo job
r ot weathar prediction can be donue just by

- If the watm air is fairly dry (humidity is low) or 1f the  wajching clouds and wind dirachon Tha sa-
quetw @ of cloud formations can bu & guido

cooling 18 not great only a 1cw clouds may form (h&uu fo the type of an approaching frant. As for

7-10). Figure 7-10
a{ ! \ . 7 7 / . . . -
% / J/.»l-
PN . . .ﬁ .
4@ Warm Alr /
. with Low ) g

: jé ': . o Humidlty—j) —

AN

Cold air

aﬁb d:m Warm Front

' <4
. N ' N Warm Air
e T N withLow ==~ S
ﬂ,, - Cold Front Hum!dity
«. Qo | .
. W | N
‘ . wind. an old “law,” called Buys Batlot's Law, , '
_ . . Back up to the clouds . ‘ can be stated as toliows. “in the Northerry
n i ) ) ) ) t Hemisphero, tace the wind, angd the area of.
The second subject we will discuss 1s cloud type. Over the  lowest pressure is on your right.”
- :l e _P .
. years, meteorologists have studied the changes in cloud type . power of Buys Ballot's Law Gan be readily

as weather systems move through an area. They have found:  seen. Knowing that winds rotate counter-
. that the changes fall into the fairly consistent pattern shown ~ clockwiss in 2 low, and aiso that fows and

in Figure 7-11. : *  Figure 7-11 ,
. ’ ' « . . A : A
. ) S s .
\ : Direction of
) . j Cumulus and '
cumulonimbusg | -

Cold Front Movement

2200

\ 7, 7
‘¢ ] d

. . ; ||||||l, " -|‘|l . ' '."

. : R . ) N . .II | : _ - S | I o '| l',-ll,”l .
NP . ‘ T ,lnl |” i !" ! !' i
o | . L Ll Iul Jl::: [u[ll | ll' . ili ; ‘;2 : ‘,l.ll'lL : m[“l:[!ll %@_. .

N ‘ ' . . fronts move generally from west to east, then
-F ~ Clouds are often spoken of as “billboards of the sky.” A . o8 0 o 6 will moan that the low is

P skillful observer can tell a great deal about torthcg).mmé approaching you. Face a north wind and the
e e J low is to the east and past you Try it wnth e
.q‘_;{;._...;_._- Fo . wealher by studying the clouds. . some of the maps.
-f‘-_-\ ",;‘. - -'[J7~20. List in order the cloud types you would cxpect to _
, . observe as.a cold front apprdached your area. : . » _CHAPTER7. 93 -~
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[ 17-21. List in order the cloud types you would expect to
obscrve as a warm front approached your arca.

S
Now let's try to summarize what you’ve learncd about
. Tables 7-1 and 7-2 are good 3‘&""(‘?"0“& and  predicting the effects’ of frontal systems. Describe in Tables

T i T e v e L SO LT

. ghould be considered as koy stions and .
..checked in the students’ Record Books. 7-1 and 7-2 the changes you would expect o occur with the

warm and cold frontal systems.

Table 7-1

: —"a;' ;.-;(.(-_. T yem N L  CIIRRNELAR e a . N Ca e T .
o \1, RS R - SRy e
“5,)_,, L nd e AP e RY Y _— e X

% G

L

VAL AT RO (e R DR i * N7 coLD FRONT' ™ %"
: ! - MNARANI R *-,:.: : L ) B A ~ -\ ¢

y ' ". ‘—j;;-: A . ."’1 - e B
i oy o dounediately

“ | “\Behind the Front

et b,
fé‘;*%lmmggnately%‘: et LAl
HwiAhead;of ithe JFront e % Alonq the Front.

e

-  —————— P — it o~ et
.

2 - N - YIRS - .

T A e &S&'fs\'. L e .
s AR T ERTRCHC O
VRS IR : S e

S et YRR e "ﬂ“';\%&”—'" RTINS Y .

- b ’.\%". e AR ALY : Lo a7

31 l:i;l_’r;\'g{ ; ~°§§§?{(§" oy if—.: R I
RN <@y R N

.'. RIS

7‘?\_ AL

JH L) ey
3‘%&1 £ {

: * )- N R R IINEY) oy ,'F'. ta AL (e L B
ﬁ%‘" MU SRR | g PR O it S
. p4t Cloudiness IR b R SR A STV I S A

Y
x DEF BN
b

¥

RYIECRINGE " f.-,}:ﬂ - -_',;'ixig}i“;;; ,.1_._§'§(:; R : B
¥ -Wind-direction g1 :'.»\;\;5,;-:?,‘.‘:':;&3??W AT IEE

i , . 5
RTINS ST N AT ORI T R Bt AT iR S N T

Table 7-2 : : i ' .

L. \

JF e e . - et
755 waRM PRONT:

,

'Alon.g"thc Front ' *

.

- N it 3y \ NI e A — — "

5 :Bgtgxilctr{c Vr'e_‘gd;ng_\.\,

N

AR

- PEs K RN " . . . N . 3
dm-ﬁxmg!’fﬁi&'ﬁmﬁ\wﬁl Stk el e B G AL fontsr bt 6L e L e L aRBERUCE L A IEEE (RS
? . : 3 -
. . K - . r

v

©"_You may have had trouble deciding how wind direction
is affected by frontal systems..Predicting changes in wind

" direction requires’ that you know the direction before the

front arrives. You would’ also need to know the direction of
S ‘ . motion of the front. Neither of these bits of information is
. .94 -CHAETER 7.. . . “provided in-Tables 7-1 agxd 7-2. . .- '
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PROBLEM BREAK 7-1
Yo

ve been keeping o weather watch for guite @ while
now. [You should have ‘quite a. collection of data for your
area fon variables such as barometric pressure, wind speed
ang/direction, cloud covar, cte. Here's y(‘nu' chance to study
WMt data and find out if the patterns in weather change for
your arca’can be explained by the model you've been study-
ing. .

You should look for relationships between weather varia-
bles. For example, you may want to see if your data indicate
that wind direction is related to barometric pressure, or (o
cloud type,-or to dew point. Or you may want to find out
if temperature ghange is related to humidity or to wind

Speed. Lets suggest one approach 1o getting answers o such
. questions. "

Suppose you want to find out how pressure change affects
temperggure change. You could make a taple like Table 7-3.°

all tallies are made, you can judge the effect of pressure
change on wind direction. You can even make some calcula-
tions. For exampie, you can calculate the likelihood that one

. kind of pregsure charnge will produce a given wind direction.

you

Supposc you want to know how often you can expect (o sec.
a stxitherly wind when the pressure. is falling. Here’s how
nd ‘out by using your data. _ '

Sum up all the tallies in the entire table to get a grand
total. Then divide this number into the number of tallies in
the appropriate data box. Multiply your answer by 100 to

N i

»

Table 7-3 . : .’ -
. R 4 N
:: Pressure Change. - Prevailing Wind Direction for the 2nd Day of the 24-Hr Period
g " frong One Day # w el Pa—
77 ¥ gto the Next Northerly Southerly Westerly Easterly
* t
. ;\ Rising ~ Pt R '
Pl = : —
2 gy ot an . NP .
. eady -, LN
b “* Falling . R P L) .
v W Awemere o s et e AU NN e = .
. 1
Tally the data from your weather watch in a table fike ’
¢ 47-3. Each tally (mark) will represent one 24-hr period. After -

ore@nd more of the work of the National
Weather Smwce\ns concernod with statistics
and. computers’ Here 1s an opporlunity tor
students to do a littie simple statistical analy-
is. using their owm observations.
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get a pereentage.

No. of tallies in data box
T ST 100 = %
Grand total of tallies X 40

This percentage (sometimes called probability) is A meas-
ure of the likelihood that falling pressure will produce south-
c¢rly winds in your arca. Of course, this percentage 15 based
“on limited data taken at one particular time of year. More
extensive data might'give you a difterent percentage for your
answer. Even with such limited data, a percentage_of“this
sort gives you more predicting power than you had before.
You should now select the variables you want to investi-
. gate. Record. your_findings“and conclusions in your Record - ©
Book. )

L)

[}17-22. What do you think the weatherman means when he
says “The chance of rain today is 30%"? Discuss why you
think he would make such a statement. v

< This unit of work was not designed to make you into a
meteorologist. Its purpose was t® introduce you to certain
factors that aflect weather and to help you put together &
simple model for explaining those effects. You've seen that.
there'would be no change in weather without movement of .~
air. That’s why this unit is tiled Winds and Weather.

You’ve investigated many variables and seen how they

Excursion 7-2 is an opportunity to look at one afi¥ct the motion of air. YOU'VIC learned somcthing about the
O oo phenomena of nature=the  processes that form clouds. Perhaps you are still interested
: . in learning more about old “cumulonimbus” mentipned in

L EXCU RSO L‘i’ Chapter 1. If so, take a look at Excursion 7-2.
» : ¢

Low- and high-pressure arcas and frontal systems have

. also been studied a bit. You are on the verge of being able
_ = to predict simple weather changeés in your own region. You
- l-‘-ﬁ(o-liJ :{‘:H.]\‘} . ;a: lr{)ry(ziur \_Nings i'f y()tl \xish, by taking a look at Excurs'lqn

. . . 7-3, edicting Weather. .
T ' ' "+ Don’t be disappointed if you aren’t confident about,your
- Encourage better students to do Excursion 'predictions. Weather is very complicalcd\an’d often unpre-

7-3. it is the "pay-oft’ on the use of the model R R ) .
. for predicting weather: .- ~ dictable. If you don’t believe 1t, ask any weatherman.

¢

'

. ' . . \ .-
Befqrelgql‘qg on, do.,Belf-Evaluation 7 in your Record Boak.
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" - g new things? Excursions can give you the chance. In many
S ' ways they resemble chapters. But chapters carry the main .
' story line. Excursions are side trips. They may\help you to
go further, they may help you go into differept matenal, or
they may just be of interest to you. And some excursions are
provided to help you unglcrstand difficult ideas. \
. Whatever way you get there, after you finish an excursign, ‘
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EQUIPMENT LIST PURPOSE. To show the buoyancy of hot ar.

1 large plastic dry-cleaning bag
Plastic straws
Celiophane tape

.

. 1 alecohol burner . v

Hot Air Balloon’  ~ . Excursion 1-1

This is an advam‘i genbral-interest excur-
sion, B . -

MAJOR POINT

A balloon Inflated with heated
through the cooler air, giving furthe evidence
that warm air rises.

et ———— - [

The basic equipment necdell for a hot air balloon is an
inflatable pag and a source bf heal. Almast’ any size ‘and
shape of bag will work. : N o

" You can make your own balloon from a plastic dry-
cleaning bag. The long dress-size“bag will give the best re-
sults. Here is what you and a partner will need: . - .

1 plastic dry-cleaning bag (dress-size) -
" Plastic straws ' -t
~.Plastic or cellophane tape
“*{"alcbhol burner

-

Y

~ACTIVITY 1. You want to trap hot air in the bag, so check
- Its-sealed end for leaks. Do this by trapping some air in the
- end of the bag. =~ "~ . : .
. ) .

Betore any group begins.this activity, be sure
) - A you are alened to their activities. Irililt that

Dry-cleaning bag . g the group checks with you before using the -
S . ' alcohol burner tor inflation. This oxcursion i
a lot of fun, but there is potential danger. ~

<




If you have an electric flatiron. it can be used ACTIVITY 2. It the bag leaks, you should seal It with tape.
for an alternative (and neator) method of = Tw|gt the closed end and tle a knot in it. Trim ott the excess
sealing leaks in tho bag. Smoath out the gdge - .-
of the bag on a fiat surface. Tho edge with P'aﬁnc with sclssors.

¢ the leak may bo folded over a small amount
it desired. Run the hot iron over just the vdge
to be sealed. '

N

Alrtight -

A\l?:leaning bag - i 5 P _

P ‘. In order to collect hot air in the bag, you’ll need to be
able to hold the other end of the big wide open. You can
. # make a hodp or-circle out of straws to do this. To find out
o , - how many straws to use, do the following activity.

iy |/ _ ' . - ACTIVITY 3. Flatten the bag out at Its open end. Measure the
] T _ . distance across this open end. Multiply this distance (width)
' ' by 2. This will give you an approximate measure of the length

¢ . -of the bag’s opening. . .

~
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‘AQTIVITY 4. Place plastic straws together by pinching and
folding one end of one straw and inserting it into another
straw. (Overlap of the straws should be about 3 cm.) The total

Rength of the straw chain should be equal to the approximate
opening of the bag (as determined In Activity 3).

Jem

P~

Pinch
this
ond.

ACTIVITY 5. By putting the two end straws together, you can
form a hoop. o 5

Hoop Plastic

straws

v

-y -

J . ACTIVlTY 6. Use a fcw short pleces of tape to hold the straw
3 _hoop inside the bag Ov«lap ‘the bag about 3 cm.

Ta




Nota the neéd tor your approval 1t the intia-
tion and ascent is to be done outslde, it must
be a day with little’or no wind. it would proba-
bly be wise to have fire-extinguishing mate-
rials handy. -

1

LN

. Some students will probably come up with the
idea of a wad of cotton soaked in alcohol and
suspended at the opening with-tine wire. This
will work well (too well, in fact). Once the
balloon has left its moorings, the flaming cot-
“ ton can ignite anythlng that the balloon lands
on. You are going to have to use your good
judgment on the innovations, and also provide
some cautions about working on thelr own
‘outslde of achool : L

‘f.:

102 EXCURSION.1-1

You are now ready to collect hot air jn your bag,

Caution The next part of this excursion should be done in
an area designated by your teacher. Be sure to get his approval
before beginning. Use caution in worl\'ing with the alcohol
burner. The plastic bag doesn’t burn rapully but it will -burn.

Keep it clea/ of {he jlame. -

{
j

ACTIVITY 7. Hold the bag oyer the lighted alcohol burner.
Continue to support the bag as the. air inside is warmg."q.

e

Plastic
bag

.Alcohol
. burner

‘ Cautlon Be sure 10 kecp the sides of the bag away jram the

open flame. S e

D1. Describe your obscrvationM .as the air inside 3
is heated. et v :

l:]2 ‘What would you have to do to keep the bag’ gomg up

once 1t 1eft the g(ound? ‘ o '

¥
-~

You may want to- 1mprovc your balloon., That’s okay. But
don’t try' other experiments -using flames wuhout your

* . teacher’s permission, ST
.4 o

1oz




EQUIPMENT LIST

1 weather instrumsent '

%

Blowin’ in the Wind

This is a general-interest excursion.

- .

- [

e e e e e

" Wind direction _
In mounting the all-purpose weather instrument, the cir-
cular wind direction indicator should be positioned so that
the north (N) symbol points toward true south. Then any
pointer reading against this indicator disk will give the direc- -
-tion from which the wind is blowing. '
The important point ‘o,rcmcmbcr 1S .tha_g wind direction

is named according to The direction Jrom.which it blows. -

Rain

Total rain
Indicator

U Wind direction
« 7 indicator .

Polnter- .
- (W!nd is. ~
~ .northwesterly.)

A —-Wind speed :
lndlga‘tor

--reading is usod.- - -

PURPOSE: To provide turther help in meas-
uring wind drechon and wind spséd, includ-
ing the use of visual, noninstrumentai clues.

-

Excursion 2-1+

MAJOR POINTS

1. Measuroment of wind direction i3 given as,
the direction trom which the wind is blowing.
2. In reading wind direction, the vane gener-
ally shifts back and forth, ang an average
3. An instrument may be calibrated by using
a standard instrument.

4. Wind speeds can be judged visually by the
effect the wind has on common objacts.
instruments are usetyl tools in making scien-
titic measurements. but we sometimes forget
that many things can be "measuted”’ without
them. For instance, wind direction and wind
speed .can be measured with the weather
instruments. but fairly reliable measurements
can be made without them, as described on
the next several pages. -

Figure 1

g, .
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“* To measure wind direction without instru-

ments, there are two common practices. In
either one, the person must orient hilnself with
true north by using a known direction of a
road. facing of abuilding, landmtarks, or at
night, by sighting on the North Star. Then (1)

. pick up some loose material, like dry grass or
fine dust. Toss it In the air and watch the

- directipn from which it is blown. (2) Moisten
the forefinger and hold it alott. The side of the
finger that teels cooler indicates the dlrecﬂon
the wind is comlng from,

c B

Although it is possible to use up to 32 points of the com-
pass to name the wind- directiop, you will use only 8. You

eunt redd -thé wind direction directly trom the position of the

movable pomter agamnst the scale. A sketch of the 8 duce-
tions you may usc appears in Figure 2.

\

Southeast

. Northwest
Northeast .

_Figure 2

Usually, the pointer isn’t stationary. It moves as the wind

shifts back and forth. But you can stll get an average read-

ing. For example, if the pointer moves about'as shown in
Figure 3; the general dxrccuon of the wind 15 estimated to
be west. - .

Figure 3

104 EXCURSION 2-1..
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Wind speed

The weather-station instrument also allows you to measure
the wind speed. The pringiple behind the wind speed in-

dicator should be obvious. In fagt, you can casily bunldyour

own wind speed indicator if you are interested. See Figure
4 for hints on doing this. (You will have (o furnish the com-
mon maternials requied.) - .

E Pz 4/‘!’/’/]/’/[///’/’//7”/////4"

R T '

B

) Nait
. support 4\ﬂ\
’ ' - H —Metal strip —
—— —_F -2 tm-wide, - e - ——
! cut from an , -
. : aluminumor "
- ' tin can) NN

. 8 ) _ ' Figure 4

Your instrument will have to be calibrated in order to be
useful in making youg observations. To make the wind speed
scale, wait for a calm day, then take your mdlcator"lor a

Ccar ride, -

Acnv‘rrv 1. Hold the ln@out the window of the car that
is moving. The moving air will move the speed indicator just

as wind moving at the, same speed does. Mark the scale at

intervals of 5 mph.

+

This activity might even be done with the extra

" weather instrument supplied lnthe kit. It could
" give a check on the calibration ot the instru-

ment. It must be done on a calm day.,

EXCURSION 2-1

105



Table 1 contains the first seven ot the read-
ings trom the so-called Beautort Scale ot wind
veloohes This scale was dewised by Adoural
Sir Franc's Beaufort of the. Briysh Navy =
1805 as a method of estimating ds at sea
for saling captains It was later adapted tor
land use by adding objects that gre commonly
. saan in everyday lite. It is remarkably accurate

P e s =

et n 4o &

w

-

) for the ranges of wind speeds given, espe-
ji . “cially when used by an experienced observer.
E. - . . Note that the first two rows. up to 3 mph, and
.+ " aven'possibly the third rqw, 4~7 mph, are not
"7+ readable with-the weather instrument, o the
. visual Beaufort Scale takes on added signifi-
cance. it might be a good idea tor students
. . to copy the tabie so that they would have it

- Mor weekend observauona

" 108  EXCURSION 2-1

¥ In kecping your weather watch."there may be times (espe-

cially on weekends) when the weather-station istrument is
not available. If this 1s the case and you don’t have your
own instrument, you can tstimate wind speed fairly accu-
rately. Table 1 will help you do this. The table lists common.
Aﬁ:ms with the approximate wind speed associated with
them.

Table 1
Wind Speed | ‘ -
Description of Behavior '
mph km/hr of Common Objects
Less than | Less than | Smoke nscs vertically.
1 2 .
l lo:l‘% 2105 moke drifts, but flags hang limp. Ordi-
' ry wind vanes yseless.
— 1~ ! T
4107 6t 1l Wmd felt on face. Leaves rustle. Ordi- '
nary wind vanes move. ¥
i
81012 12w 19 Leaves and twigs in motion. Lnght ﬂags
are extended. - .
131018 20 10 29 Dust and loose paper raised. Small
i branches are moved.
191024 | 301039 | Small trees begin to sway. Whitccap>
- | form on lakes. A
%\ %
3
~25t0 31 | 4010 50 | Large branches in motion. Wnrcs whmle
' Umbrellas hard to use.
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, " EQUIPMENT LIST v ‘ ' PURPOSE: To extend the students’ knowi-
None - . edge of clauds

Billboards of the Sky Excursion 2-2

r
[ i : S . . L
. / N X ) . ’
o W ____MAJORPONTS €
B ) " This isa qoneral lntorosl oxcurslon However ' 1. The appéaranco of clouds in the sky can
there are important applications of it in t be described in terms of common things they
+ frontal study and weather predicting later on. oo resembie.
' ' - T . 2. The scientitic names for cloud types mean
'; \ . : : S 3 mlngahko"curlofhair" (cirrus), "'spread out”
5 . . . ' ' (stratus). and ‘pile”’ (cumulus) and denote
. : . tamilies of clouds.
- 3. Families of clouds can be tound together
v . Since ancient tlmcs. men havc watched the sklcs and tried  in diferent combinations.

4 . Cloud tamilies are found at particular aiti-
to predict the coming weather by what they observed. Long Mides i the sky v
_ ~ -before the clouds were given scientific names 1o identify - 5. Sometimes one type of cloud can change
\ them. they were described in terms of things that they resem- o another type.
. bled. Thus, statements hke the following were commonly

; uscd : .:_

: “Mackerel scalcs and mare’s tails
. Make lofty ships carry low sails.”

e

: Figure 1 "‘Ma_ckcrel scales”
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The appearance of clouds as ncat rows of small patches
resembling the scales of a fish (Figure 1) or, wispy filaments
like the curling hair in a horse’s tail (Figure 2) foretold a

- storm. Upon seeing these signs, sailors would lower their
ship’s canvas. '

Vo

l/‘ ' ,"’ lh.‘\\\\ e

— --.----..—

e e et e e

>

. are found at:all
' .glvon in the matertal ﬁm toﬂow%a

Students will iater learn that cirroformn types
of clouds may precedé a tront by Anany miles
and be a first lnmcqtqr ot appvoachmg bad”
weather. v

. .
v N

For your information. one useful way of cate-

gorizing cloud types ia by the touowing four

faniilies: .

1. Cirro-type, consisting ot cirrus, cinosxr,atus
and cirrocumulus

2. Alto-type, conshtlng ot altostratus and

: aitocumutus
.. 3. Strato-type, consmlng ot stratus, strato-
" cumulus and nimbostratus _
4. Cumulo-type, consisting df cumulus and
. -*_Cumulonlmbus '
" “The families in geheral bccupy a particular

alttude-range (Qxcobt the cumulo-type. which

ights). Thete helqhts are .

Of all thc dnﬂ'cl;nt clements of thc weather that you will -
be studying, clouds and the forms ‘of moisture that come
from them are the only things that are generally visible. We
can describe and name clouds by their appearance. You
don’t have to rely on an instrument for their description. If
.you learn the vocabulary of the cloud types, you can read
them like a billboard. And you will also have some 1dca of
coming events in the weather.

Much like people, clouds tend to be found in families.
The threé¢ cloud names that you have used in Chaptcr 2

(cirrus, stratus, and cumulus) are really family names given -

to them .by a ‘ninetcenth-century chemist named Luke
Howard. Cirrus means “curl of hair,” stratus means “spread
out,™.and cumulus indicates a “pile.” Also like people, there

isoften a oombmatmn of families, This means that there can
“be cirrus and cumulus combinéd, or cumulus and stratus,
* or stragus and cirrus.> Thus, the mackerel scales. (Figure 1)
Co ' mentioned in the weather adagc are rcally cnrrocumulus. or
EXCURSION 2-2. ) '

"wxspy ‘pxles.
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All cirrus-type clouds are found at hugh altitudes, from ' }
6,100 meters (20,000 fccf’t) on up. At these heights, the tem-  The averago rate of cooling with altitude is
. R o . e . 3.2°F per 1,000 tget (0.6°C par 100 m).
perature s so cold that @e clouds are composed entir¢ly of .
ice crystals. These Crystgs are very fine.and delicate. This
accounts for the hazy, [gmy, and WISpy appearance of\(hc
. ¢louds. A cirrostratus clowy Just a high shect of ice crystals
~ spread out at one lovel above the edrth. ‘These clouds give
the sky a filmy appearance and cause 3 ring, or halo, around
the moon or sun. (See Figure 3.)

oa

o

Cirrostratus Clouds (Wispy and spread out in a layer)

. The three main ciatcg(’)ries of clouds often have other
‘names added to them to further describe some of the viria-.
tions. The prefix alto (meaning “high”) can be added to the -
fetms stratus and cumulus. To indicate a high, spread-out I .
-layer of clouds, the word altostratus is used. Clouds at high ' : j
- altitude and piled up are called altocumulus, They are found - =~ -

.- froni"2,440 meters to 6,700 meters (8,000 feet to 20,000 fect),. EXCURSION 2»2-& 3,109

Figure 3

..

¢

".
|
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(211. Why do you think there is nor a cloud des
altocirrus? 1. Cirrus are high clouds and allo means
. high, 8o it would be like saying a “high high cloud.”

e N
L ,‘w.q..

-
ey, T
BTN

- ‘Flgure 5 '.Altocumu‘lus' - The Latin word nimbus, theaning “rain cloud,” is often
S ' used to indicate a cloud from which precipitation is falling.

v T 'Hz,us, heavy stratus clouds from which rain or snaw is falling
.'.'."" R ' R oo ar called’ nimbostratus. Stratus, stratocumulus, and himbo-
110 - _EXCURSION -2 Stratus arc tound .bc;l()w 2,440 meters (8,000 feet), - '

.

-

0
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v vl Tl -
Stratus Cloud Fogging ncar the Top of a Mountain "~ Figure 6 -
\ Stratocumulus : Nimbostratus 4
B (Spread-out'layer of piled-up clouds) _ (Sprcad-ou_g rain clouds)
RO A Figure 7 . _ S Figure 8 =
. - '\' - e 4 - L gok 2, . .
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Cumulus and cumulommmbus (thunderhead) .clouds arce

" found at all altutudes, from 2,440 mcters (8,000 teet) to 18,300
meters (60,000 fect). The cumulus is the typical cloud of fawr

weather, resembling 4 flufly white pile. A continuous growth

of the cumulus cloud produces the fierce cumulonimbus of

the thunderstorm. This cloud is the oné associated with our

Cumulus (Piled-up clouds). Flg\‘m} 9 most vicious weather, inClquIg tornadoes amd hailstorms.
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[:]2 Now see if you can identify some of the ten varicties

" of clouds that have been mentioned. Don t Iook back to the
Flguro 10 debonpuona unless you have to.

Cumulommbus (Piled-yp rain cloudq)

.
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A. A high sheet (2,400--6,100 mecters) that makes the sun ..
appear as if you were seeing it through tissuc paper. Figure 11

I RE SR

)

B. A low cloud (below 2,440 meters) that looks like a layer
of rolls or twists.
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Figure 13 C. “Thunder sky, Not oo long dry.”

~ Figure 14 - D. The cloud that gives the all-day drizzle.
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1 ke Sk covan b Aaabeonm hat aer wd S visklladlabbinttiBsy b o .

E. What cloud type is called a fog when it is right down
on the ground? ' :

b. “Feathery sky.”

L
L

G. Thesg arc caked sQéEﬁ clouds. They are woolly packs, .

2,440 10 6,100 meters high. Flgure 16




~ Figure 17
Figure 18

.
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H, *“In_the morning, mountains, ln the cvulmg, fountains.”
*“Curdled sky, Not 24" hours dry

“Check the answers below to the ten cloud types. Then,
as you go through the rest of the unit, see if you can deter-
'mince why -the weather adages give a clue to dhe coming
. ‘weather. in terms of the model that you develop.

A. Altostratus B. Stratocumulus C. Cumulonimbus
D. Nimbostratus E. Stratus- - 'F. Cirrus

' G. Altgcumulus . H. Cumulus  * L Cir,r_ocux_.nulus: i

-.0_,_ T
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interest. * -the weather instrumenf are given in Fahren-
- heit degrees and need to be converted to
. Celsius degrees.
N 2. Wind speed can be convenod from the .
SO 4 . o . English system in miles per hour jo the metnc
TEMPERATURE AL ) system in-kilometers per hour. T
. >0 3. Precipitation in inches can be converted to
SCALES? 15?? < centimeters.
- 05 ). .
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( e ’ .
) . s -
P y : .
> [\ : _.
‘ > “ ’ .
. D . ,
RY,
-y
> . b
-~ 3
= , . ) e )
. . .- ‘ o * 2 ) . e
Temperature T . ,

. }.

EQUIPMENT LIST ‘

None ) N

"The Conversion_
'Excursion

This excursion is both remedial and general

PURPOSE: To assist students In converting
from the English to the metnc system tor tem-
porature, spued, and precipitaton.

Excursion 2-3

MAJOR POINTS

1. Temporaiures on weather reports and from

,-

So far in the ISCS course, you have mcasured temperature = .

in Celsius ‘units. On the-Celsius scale, the freezing point of
-water is 0°C, and the boxlmg point of water i$ 100°C. The
temperature on a-warm spring day might be somethmg like
-24°C. HoWever, when temperatures age ngen in-a newspa-
per, radio,” or TV weather :report, these temperaturgiiyare
-usually given in Fahrenheit degrees When recordin®our

‘own ‘weather information -An this unit, you.may also. tisc
Fahrenhezt degrees. How are. the Fahrcnhcu and Celslub...-"

tcmpcrature scalea reLated" L .

-

In actual practice, this excursion will be used

.- more to go from the Celslus readings given -
on the weather maps in Chapter 6 and 7 than
the other way around. We just aren’t yet used
ta the metric system

[y - . . -
- . 3 03




-

Figure 1 shows how the same thermometer would look
if marked in degrees Celsius (a) and in degrees Fahrenhent
(b).

Celslus Fatiranhast

q Boiling point
-

of water

W

No attempt is made to use.the mathemaf,f‘cal ' 90

ssrmulas for conversion ot temperatures. The - 80

table does the job. But for your information: o _ : ) )
oC = (QF . 320) X a . . . 70
°F = °C % § + 32° - ' .

A quick question for students: At what tem- g . R o 60
.perature reading are °F and ’C numerically

the same? Answer: —40°C and F -~ IR | g 50
. s ‘ - ) . 40
o ) . : T ' Freézing point

» of water 30

‘Figure1 . @ . .7 .o

" [J1. How many degrees scparate the freezing point and the
" boiling point of water on the Celsius temperature scale?

‘)2, How many degrecs scparate the freezing point and the
boiling point-of water on the Fahrenheit temperature. scale?
. [33. Which is the higher temperature, 50°C or 50°F?
o _ °,  -[08. Which is the bigger temperature change, 10 degrees on
EXCURSION 2-3 the Celsius scale or 10 degrees on the.Fahrenheit scale?
.'O . . B ' . - * ) '. - . . L. . B

.2‘__

’




Table 1 can be used when you nced to m
conversion from one scale to the other.
round ofl the Fahrenheit lmperatures.

ake a quick
You may want 1o

" Table 1




Speed

The wind speed indicator on the weather-station instiu-
ment is calibrated in the English system (miles per hour).
You may want to convert English miles to the metric system
(kilometers per hour.)

_Conversely. the number of km multiplied by In a mile, there, are about 1,600 meters, or L6 kilometers
0.6 mizkm wil give the answer in miles  (ahbreviated km). Thus, if the number of miles is multiplied

(Bp',)mx')' by 1.6, the answer will be in kilometers.

GGY SETS NEW

" ISCS SPEED MARK

) ‘ '
] t
) - ‘ :
Eqassmnsmiren B—
4 ™ o

' [5. What is the wind speed in km/hf if it'1s _biowing at”
a rate of 10 miph? 20 mph? 25 mph? -

.

A TR i T b

il

-

(Je. Wind is considered to be of hurricane force if it’s speed
is 75 mph or-above. How fast in km/hr would this be?

[]7. A breeze 6f 64 km/hr has what speed in ‘mph?

Precipitation

The precipitation gauge on the weather-station instrument
is calibrated in inches. Precipitation figures given in the news
~media (newspapers, ‘radio, TV) are also usially in 1nches.’
.1t is an casy task to convert inches to centimeters. '
There are 2.54 centimeters in each inch. Therefore, if the
- number of inches is multiplied by 2.54, the answer will be
in centimeters. . '

-

BT - s Suppose the rain gauge shows that 2:5 inches fell Jast
. 120 EXCURSION 2-3 -~ ~ night.. How many c_cntimgj\crs of rain ¥ell?

-
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EQUIPMENT LIST, PUHN)SE: To operationally definas pressure

None . as force per unit area.

L)
.

| The Pressure’s On Bxcursion 3-1:

. MAJOR POINTS S
! lThls excursion is for remedial and general- 1. When force (weight) 15 spread- over a
nterest usage. greater area, it is less concentrated.

2. Pressure is a measure of how concen-
e e e e {r A0 @ 1OFCO ig-and 1s Statad in“units of force
T divided by unit of area. :

3. Air has weight and exerts pressure.

.
~ .

-

The term pressure will ‘b%“(lscd mfany times in this tnit. Do
‘You understand what it means? Test yourself with the fol-  Note the, use of a chockup in the excursion
lowing checkup, When you have finished, check your an- 2;‘; '(’)‘gﬂ‘;‘fe;’;ﬁ‘;‘f"‘g outif the student needs
- swers at the end of this excursion. If you get both answers C
100% correct and are satisficd that you fully understand pres-
sure, skip the rest of this exclirsion. .
- If you are less successfulvor have any doubts, stay with ‘
it : N :

¢ 1. Inyour Record Book placea check by any of the following
' that-could be a measure of pressure. ]
a.7pounds (_) ~, °~ d. 4 square inches (__)
« b. 9 newtons (__)- .~ & 8 newtons per square
' ' ' meter ()
"« ¢ 6 pounds per squarer - [ ° .
S inch (__) o : ‘
2. A 300-pound metal bar is lying on a bench. Thé area of .
. ..the bottom of the .bar is 50 square ‘inches. What is the -
* pressure of the bar on the bench? (__-_ ) . )

[y

Y
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A 200-pound man walks across soft snow, lHe sinks nto
the snow up to his knees. After putting on a pair of snow-
shoes, he leaves only a shallow footprint as he walks across
the same snowfield. Certainly the man doesn’t weigh any less
“after he puts on snowshocs. (In fact, the weight of the snow-
shoes would increase his total weight.)

[11. Why don’t the man and his snowshoes sink as deeply
into the snow?

In answering question 1, you probably used the idga that
‘snowshoes spread the man’s weight over a biggéﬁ'ﬁ@}‘his‘“"-'-4-“-4--:-————
idea is the key to understanding pressure. Whether the an .
is wearing snowspoes or not, his’feet push on the snow with
a forcg of 2 ounds (his weight). When he wears snow-
shoes, this force is spread out-over a bigger area. The term
pressure 15 used to describe how concentrated a force is (how
much force therc is on each unit of area). One of the com-
mon ways that pressure is measured is in pounds per square
inch. Suppose the man takes a walk with one shoe and one
snowshoe. To make the calculations simple, let’s suppose the
total arca of the man’s shoc is 50 square inches, while the
total area of a snowshoe is'400 square inches. . '

e

-

400 square inches

»
t

LY

4 4 Thus, the force exerted by cach square inch of the shoe
A B e L . .
4 . N LA S -, . :

3
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_122. EXCURSION 31 o 200 1b/50'sq in, = 41b/sq in. -
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This force per square inch is the pressure exerted by the.
man on the snow under his foot. .All the man’s 200 pounds
15 spread over 50-square inches of snow.

The force exerted on the snow under the snowshoe can

~be caleulated in the same way. Each snowshoe has an arca

of 400 square inghes. 1t is pushed into the snow with a force
of 200 pounds if the man is putting all his weight on onc
foot. . ' '

(J2. Calculate the force exerted on cach square inch of the
snowshoc. . Co . .

T T We can use this idea of pressure to explain why the man

does not sink into the snow when wearing snowshoes;
When wearing shocs, the pressure of the shoe on the snow
is four pounds per square inch. When wearing snowshocs,
the pressure of the snowshoe on the snow is less, only 0.5
pound per square inch.

Pressure, then, measures the concentration of a forcc‘..,Q
can be operationally défined by this formula:

Force (Ib)
Arca (sq in.)

Pressure (Ib/sq in) =

i-

. . - Force (newtons
Pressure (ncwton_s7§Nn) =. ( )

-Arcra (sq m)
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course, what Iﬂn"‘ mantioned ﬁom but is
nevegihaloss true I8 that air pressure: t§ ex-
ertad InRil directions. Unlika the shoes or the

_snowshoes, which exarted oniy 2 downward

pressure on the snow, Air pressuro {s olso

. exertqgd sidoways and upward on the building,

and fr the Inside out as well as from the
outsido in. Thus, even though thord is'an air
presgure on the houso of about 14 pounds per
square ingh from tho outside (downwiud. In-
ward); there is an aqual pressure of about 14
pounds par square inch trom the inside (up-
ward. outward). Therefore, unless the house
ig soaled nght and leakproot. and alt the air
pumped out of it. thera Is no d‘unger of col-
lapsr trom these tremendous forces and
pressures. The forces and predsuras hre bal-

-

EXCURSION 3-1

.
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But what about air pressure? Like the man, atr-has weight.
In fact, the atrwbove your house or apartiment (assume the
roof of the house to have an area” of 1,500 square fect) 1s
about 1,550 tons (3,100,000 Ib)! Air is not light! But what
about the pressure? Since the 1.550 tons exerted by this great
weight iy 's.prcad over the total arca of your house, you can
‘determitic the air pressurg on it.

7\

\
3,100,000 ip

"‘“_""—nncod,h}sfdeanéoutsida,agmm\ﬂﬁﬁgllglj\_@[-_

e

v

If we apply the operational dél‘initio‘n'll\ul pl'c;&SUI'C
force (1b) .
arca (sq in)

, then the air pressure on the -house would be

3,100,000 1b
216,000 sq in.
= about 14 1b/sq in.

air pressure =

-/Every square inch of roof has 14 1b of air weight on it
For answers 1o the checkup, invert the page. '

.
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EQUIPMENT LIST S o ) PURPOSE. To present a 'hlstbrical treatmet-
. of Torricelli's mercury barometgr, and apph
it to the aneroid buromem;.

Measuﬂng',Air_ " Excursion 3-%
Pressure . .. - S ._
in IHCheS? . . .' L .. 1. Thamercurybaronf;ulterwaslnventedbyar{

Aneroid baromotor

v

[

ltallan scientist namel Torricolli
2_An_anerold barometer. uses.a-collapsible-

o : box instead of a column of mercury.

3. Prossure can be measured in millibars.

4. When" the pressure, Is given in inches ot

Mmercury, it is talling how tall a column of.

mercury the pressure qf the al\could support, -

What does it mean 10 say that the atmospheric’ pressure js,
30 inches of mercury? What has the length of mercury got
" to do with pressure? R o

The first person to use the length.of a ¢olumn of mercury

o measure air préssure was Evangelista Torricelli, an Italian

. who died at age 39 in 1647. Rather than describe Torricelli’s '

- experiments to you, we will give you the chance to read some

of his own words. The letter that appears on the following

~ pages is part of a longer letter written by Torricelli in 1644
We found this old document of great interest and hope you :
‘may, 10o0. A few marginal notes have been added o hilp |
you understand -it... -‘ R '

AR 1475.
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THE BAROMETER"
lo_Ricci in Rome)

“(To Michelang¢

_ Florence, |

e —

e ‘ A} -
i

[

';:r"r‘!lculﬁi tells Ricci that’
lnstras constructed an
cha ument to measure

hanggs in air prassure:

- -

... 50 milgs high. The air is

mo
oy :; :eer:‘(:’ r:‘mr }:he earth’'s
4 4 uc
at higher amtudes.less donse

BT "

"~ progress €

T jrLUSTRIOUS 51k AND
T | ARNED PATRON

»

-] have alteady called atfent
rtain philosophital ex perime

of simply 10 make @ DACHHTE
hich will show the changes 11
dm n

designed 1
étru‘meﬁt_ w
it is now heavier an
subtle. S

We-libé~irnn1ersed a
“pxperiment u"
at the densest 4

- A“‘v Ve .'(.
‘dm;m‘\'. UL Dty S .
DR 1 <4 :_\1““7‘. . . ..... JRUL T .
.. §.- vy - R o el
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Ways -ful}

" over ‘

Jver. d g al.
Juarte )

r and /a,, ”{(‘h

N

A . /

T TATglass tube dbout three
feet long was filled with
mercury (quicksilver)
and inverted in a bowl
ot mercury.

The leval -of mercury in
the tube fell until it was
about 30 inches above
‘the level of the mercury
in the bowl. The space
above the mercury .
column was essentially
. a vdtuum, .

- F;-Vacuum

AT

.

~Mercury

column

Mercury. . ~ . .

1
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f“““‘;fhe cotumn-of mercury - -
is supported by air
pressure. .

Air prassure will
support a column ot
water about 34 feat high.

Torricelli did not choose
to use the instrument to
. measurg aig pressure

becau§ he considered
the height of the column
to depend also upon
temperature. This effect is

actually very small andis -

usually ignored,

- ¢

| asserted that the force which* prevents the quicksilver full-
_ing down io external and thal the force comes from without.
On the surface of the liquid which is in the bowl there rests
the weight of @ height of fifty miles of air; then what wonder
is 1t if into the vessel CE, in which the quicksilver has 1o

" inclination and no repugnance ot evgn the slightest, to being

: er- and should rise in 4 column high

there, it shoulden
enough to make equilibrium with the weight éf"thrertemal

air which forces 1t up? Water also in a similar tube, though

a much longer one will rise to about 18. cubits, that 15, 5

 much more than quicksilver does as guicksilver is heavicr
than water, s0 45 to be n equilibrium with the same CUUSE

;bhic.h acts on the one and the other. .

* "+ | have endeavored 1o explain by th
repugnances which are felt i the various
vacuum, and 1 have not yet foun
deal successfully- | know that your
many objections, but 1 hope if you think
be resolved. MYy principal intention | wa
out, that 1s, to recognize when the atmos

heavier and when it is more subtl
Jevel AB in the instrument EC changes for some
(which 1 would not have believed) especially as it is sensible
to cold or heat, exactly as if the vessel AE were full of air..

is principle all sorts of
effects attrib
hich 1 cannot
peyceive. |
they will
s not able to c_arry-'

r. because the
other reason

" “Your devoted und obligated Servant,
' E.‘T\ORRICE.LLIA

L

)

phere is grosser and” .




Instead of using 'a” mercury barometer to measure air

pressure, you will be using an aneroid barometer. 1Cis called
ancrord, meaning “without fuid.” because it uses, mstead
of Nuid. a small disk-shaped box trom which most of the
air has been rémoved. The disk can be seen i most anceroid
barometers by looking through the hole in the dial. The disk
will [ook somcthing like the ong.drawn in Figure 1.

Air pressure
increases

It you have or can precure. a mercury ba-
romaeter tor comparison, it wilt help with the
whole i presaure concept

Air pressure
decreases

/

Disk
with most of
the air removed

As the air pressure on the disk changes, the top and bottom
are squeczed tagether or expand, causing’levets and springs
to move the pointer. ’

You will notice that there are two tircular scales on the
barometer face (Figure 2).

+ Figure 1

Actually. the commercial barometer s not ‘oo
dissimilar {om'the student-constructed one in .
principle of operation.

+

Figure 2 .

g
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Barometric prossures on Standard weathor The top S e tells you the height o mcehes o which a
maps are givoen an milhibars. Fundamentally,

the reason that millibars are used instead of  column of mucury can be xuppmlcd by the pressure of the

inches of mercury I8 that the latter are not atir. Remember that Torncelli found this 1o be about 30
prassure units, while the former are. To be ’ *

petfectly precrse, a millibar is one thousandth mches.

of a bar. 4 bar is one mililon dynes per square; The bottom scale rccords‘thc air pressure i millibars
centimoter. A dyne is a maetric unit of force it 1o - » AN L eSS e ‘meembe -
approximalely equal to' the weight of a mill- (mb). A mithbar 1s_a measure of pressure. Remember that

pressure can be expressed as the amount of force per arca
EXCURS [Oh" (sec Excursion 3-1, “The Pressure’s On™). One mutlibar of
) - pressure is the same as 0.0145 pound per square inch. The

gram, and is equal to one ohe-hundred-  alr pressure needed o support a columin of mercury 30

thousandth (0.00001) of a newton. So a milli- mches hieh is 1.016 llli“ib&ll'b.
bar is 1,000 dynes per square cm, or 100 o ? .

I xR
< o a——

newlons per square meter. - ' )
-1, ‘What air pressure in pounds per square inch is rc,quxrcd '
to support this-mercury column of 30 inches?

g o e e e

et PR Wt g S =
A - e o :
e

'[J2. How many poUnds per square jnch of pressure are
required to sugport a 29-inch mercury column?-
.. - »

For your weather watch, you should record the baromctric
- pressure’in inches; thus, you can ignore the millibar scale. -
Now let’s find out how to operate the aneroid barometer.
Notice that halfway between 29 and 30 on the barometer
scale is the numéral 5. If the black nggdle were directly on
that line, the reading would be 29.50 inches (Figure 3). 1
_it were on the dark line just to the ,nohl ol the S, the rc.admg
would be 29.60 mchcs

o s AP N T s It
g IO R — DT NIRRT T

oy AT
- >

¢ et e n
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“ . . -
as. Go to where the aneroid barometer is located in your

rToom (or 1n lhc, weather station) and record the air pressure

in 1nches. _ 1
£

Before continuing, check your reading with your teacher.
You will notice that there is a silver needle on the barome-

ter. This needle can be used as a marker to- help you keep
track of how air pressurc changes from once reading o the
. next. By seting the silver needle directly over the, black
necdle, you can see how much, if any, the black nudlc has

moved when a later reading is made. You can move the silver

-needle by ‘turning the knob on the face of the barometer.
- This will be very useful because vou can immediately tell
_if there-was a rise or fall in the pressure since the last reading.

4. ‘Figure 4 shows lhc'posilion' of the black neddle about
-lwclvc hours after 1ts posiion was mdrkcd with the silver
necdle. Flow much has the barometer 1cddmg changed in
the lwclvc hours? ' :

[C]5. Docs the change in pressure represent a rise, or a fall,
In air prcasurc’ . ]
‘Here is a good technique to use when reading.an anerod
barometer. Gently tap the glass of the barometer before
taking the reading. This will force the needle bearing if it

. 1s sticking slightly—a comon OCCUrrence in many ancroid-
~ barometers. Try it and sce. '

It you arc not sure of your ability to “read” the aneroid
barometer, test yourself with the three problems in the fol-

.- lowing checkup. You can check your answers at the cml of the
'(.hu.l\up L - : :

e .

4 ' Dl

Note the instruction tor the student to check
the rgading with you,

1317,




CHECKUP

1. Move the silver nedle on the ancroid barometer (by
turning the knob) s6 that it points to 29.20.
« 2. Move the silver needle so that it points to 29.85.
3. What is the barometric pressure, m inches, shown in

Figure 5

Answers to checkup

Note that you are being called on for aid. You.
will have to use your judgment on what reme-
diation Should be recommended. Possibly

‘gomg back through’ the excurs:on -would-‘--- o ' : .
sumce : o _ , -3.V30.12, or 30.13, or 30.14 -

: . _ . It you missed any of these, and don't understand why. the
132 EXCYRSION 3-2: ,answers given are correct talk it over with. _your teacher. -

\ B . ._'. . e T .,

) 15




EQUIPMENT LIST

1 thermometor
1 4-cm pigce of wick
1 babyfood jar
Alcohol (burner tuel)

The Shiveriﬁg
Thermometer

{

This is a general-interest. excursion.

Try to remember your last vaccination. Was alcohol used o

clean your arm? If so, you probably noticed that the cleansed’

spot on your arm felt cold. Why?

ACTIVITY 1. Lick the back of your hand. Wait a few seconds;
then blow across the wet spot. ¥

v

-

-

. . t
[J1. Describe how the wet spot felt before you blew across
it, and then while you blew across it.
Let’s find out more about this cdoling. You will need the
following materials:

v 1 thermon%ctcr

I 4-cm piece of wick :
Baby-food jar half-filled with alcahol

.

PURPORE 1o aesisd thy studentin applying
the partict: modet of matter to evaporation
and condeansution.

\

Excursion 4-1

MAJOR POINTS

t. Evaporation of a liquid causes cooling of
the surtace it was on.

2. The taster a liquid evaporates, the greater
the cooling ot the surtace.

phenomenon of evaporative cooling.

A) It predicts that enerqgy is absorbed by a
Hlquid whaen it changeg to a gas.

B) Italso predicts that a tiow of air over aliquid
causes more rapid evaporation. .

C) The particle. model predicts that as a gas
cools, its particles lose energy. move more
slowly. and are attracted together (con-
dense) to a liquid.

4. The modei suggests that when air is satu-

rated, gs many water particles return to liquid -

as would leave the llquidl. . :

.3, The paiticle.modod 4s-applied to.exptain-the =
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a

\

ACTIVITY 2. Place a dry wick over the end of a thermometer.
In doing thls, your fingers will probably touch the bulb and
cause the temperature to rise. When the temperature returns
0 normal, record it as Temperature A in Table 1. This Is the

temperature of the air.

Thermometer

ACTIVITY 3. Place the thermometer in the jar of alcohol.
Record the temperature of the alcohol as Temperature B in

Table 1.

~ ACTIVITY 4. Remove the thermometer from the alcohol and
_wave it around tor about 15 seconds. Record the temperature

‘as Temperature C in Table 1.




Temperature (°C)

[y
~° Temperature A

Temperature B

“Temperaturg C

i

[J2. What is the difference between Temperatuie A and
Temperature B? - ' LW '

v

¥33. What is the difference between Temperature B and
Temperature C? : :

£J4. How do you explain these differences in lemperature?
You probably found that the air lemperature (A) and the

alcohol temperature (B) were very sumnilar. However, Tem-
perature C was much lower. '

(C]5. What 'hap‘pcncd to the alcohol as ihe temperature
dropped? :

Alcohol 'was used in this activity because it evaporates
rapidly. This evaporation is related to the lcmpcrat‘urc drop
that you observed. Blowing across the wet spoton your hand

.speeds up the evaporation of the hiquid. You can compare
the cooling eflect of evaporation of the two liquids.

[4

ACTIVITY 5. Put a small amount of alcohol on the back of
one hand. Then lick the back of the other. Now blow across

" both haws at the same time. Continue blowing until one of
the liquils disappears. : e o

-

. EXCHRSION 4-1
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Ue;nfq a medicno dropper, students might put
a single drop of water and a single diap ot
alcohot on a r »n.absorbing surtace and find
out which drop disappears first. *

1 g ¢

8. The energy required for
coines (partly) ttam the skun,

evaparation

A e e

719, Why did the alcohol mak¢ the hand 'f“ccl' coolér thyn -

!,‘ o
.

" cooling and evaporation should help explain tlis difference.

~n
-

]6. ,\/\'llitv"h;l!_ld felt cooler as ygug blew across 1t

< ~ T , :
[717. Which liquid cvaporated the faster? (You !W want
to devise another way to compare the cevaporatiop gate of
the Jiquigs.) ' e

1at energy
s energy

You may recall from Volumes Tand 2 of I}
is'absorbed by a liquid when it changes to a gas.’
(usually heat) is absorbed from the surrqundings.

[(18. Explain the fact that the backs of your hands felt cool
while the hquids were evaporating. N

the other Iiquid did?

Wet- and dry-bulb thermometers

Recall how you determined the relative humidity and dew
point-by using the sling psychrometer. You found that the
temperature of the wet-bulb thermometer was lower thuan
that of the dry-bulb thermometer. What you know about

The cnergy needed to evaporate the water from the wick
was taken fron) the wet-bulb thermometer. As a result, the~
thermometgr cooled down. '

But why did you have o twirl the sling psychrometer
around? Why wasn’t the dilference between the -diy- and
wet-bulb thermometers always the same? Let's try an experi-
ment to help find the answers to these twe questions. You
and a.partner. need these materials: > '

, -

~

1 thermometer
1 wick LA
1 baby-food jar halt-filled with alcohol.

-

N

ACT'IVITY 6. Place the wick over the gnd of the thermometer.
Dip the thermometer Into the alcohol and-remove it. Place
it on the table and read the temperature at 15-second inter-
vals. Record the readings in row 1 of Table 2. ’




- " Temperature (°C) , )
After Alcer After After
Condition 15 sec. 30 seo 45 sec. 60 scc®
l. Thermometer -
(on table).
: }
\
2. Thermometer J
(waved around) s &
* . N

P

" .Ings in Table 2.

. ACTIVITY 7. Again place the thermometer and wick Into the

alcohol. Remove It, and wave it around steadlly, stqpping at
15-second intervals to tead the temperature, Record the read-

(L110. Using your particle model™e
thermometer cooled oft more rapidly. T¥ou may want to usc
‘the, ISCS -Volumes. 1 and 2 _particle model in your expla-
pation.) ' :

_ o v

The particle model for matter says that this encrgy speeds

up moving paiticles. The fast-moving particles may leave the
liquid to become part of the gaseous air. However, collisions -
between gascous water particles directly above the liquids
may knock some particles back imto the liquid again. 1t is
also possible for-particles to return to the liquid just because

4hey are moving in that direction.

-
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i TR stance in a solvent. When the

QPP = n e m p——
—rye——

-

The evaporation of water into water vapor is
) sonfewhat akin to the dissolving of a sub-
lution is satu:
tatad, as many particles of the solute go inio
solytion as come out ot solulion, and there 1s
a balance

Figure 1

SATURATED AIR
(100% humidity)

LY

liquid- pi

When will the number of particles of cvaporated liquid
returning to the liquid be the greatest? 1t will be when the
air above the liquid is saturated with particles from the hg-
uid. Saturated means the air has all the evaporated liquid
it can hold. A sponge is saturated with water when it s
holding all the water it can.

Suppose, for example, the evaporating liquid is water.. The
greatest return of water particles to the iquid would occur
when the air s saturated with water vapor; in other words,
when the humidity is 100%. The number of particles leaving
the liquid .wouldb&bulzmccd by the number of evaporated

Ulustrated in Figure 1

e

UNSATURATED AIR
(Less than
100% humidity)

Number of partlcles
leavlng ‘the. Ilquld

. 138

. EXCURSION 4-1.

Number of particies
reentering the liquid

>
(l;s great-
* or-than)

Numbér of particles
leving the liquid

Number of particios
reentering the liquid

[]11 Supposc the parudcs lcaving the liquid were removed
:from above " tife liquid (blown away, for example). How_
“ would this allwt the evaporation of the hquid? :

v

icles- returning: ~-This-1dea of particie hu'lzmcc“is o s
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Perhaps you can see why vou “sling” the psychrometer.
(Fhe same reason explains why wet clothes dry faster on a
windy day than on a day when the air is calm.) The air
immediately next to the wet-bulb thermometer may be satu-
rated with water. However, by swinging the thermometer
around, you constantly bring the wet surface into regions '
where the air is not saturated. ‘ s

[J12. Supposc the humidity in your classroom is 100% (satu- 12, Thoy woulid be the same (Note that in this
rated air). How would the temperature of the wet- and  ©A50. whitling the thormomctors. mahos n

. ditference The bulbs are contmually in gatu-
dry-bulb thermomeiors compare? rated an ) _

Wh.en_u.l¢ cl”.lb_ E!Ql_§§!U(ALCLL.pal‘Ii.clcs_w.ill._cyapm-.a{c_ﬁﬁm e o S e e

s

——

the wet-bulb thermometer, The drier the air, the faster the
evaporation. Thus, the better the cooling and the greater the -
difference between the wet- and dry-bulb readings.

In summary, in humid (moist) air, the difierence in tem- ' -
perature between the two thermometers is slight, it any. In
very dry air, the wet-bulb thermometer gives a much lower ' ’
reading than does the dry-bulb thermometer, This should
help explain the figurces in Table 4-2 of Chapter 4, :

‘4

- @
A\ ) . .
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The eftects of evaporation in cooling the sur-
roundings are noticeable, but not as dramatic
as the effects of condensalion in nature.
When water vapor condenses to visible water
in a cloud, huge amourits of energy are re-
tleased. The surroundings in this case Is the
air itselt. This heated air rises very rapidly,
contribyting to the vuolence of some of the
wildest storms.

. EXCURSION 4-1

Condensed condensation

The particlg model is also useful in explaining conden-,
sations It s the oppuosite of evaporation™n condensation, a
gas becomes liquid. Condensation occurs with cooling. As
the gas cools, its'partitles lose energy and move more slowly.
T he forces of atraction between the particles are suflicient
to bring these slower movihg particles together.

You have scen moisture galhu on the outside of a con-
tamer of cold liquid. (This is similar to the way y u deter.
mined dew point.) The air ¢lose 1o the cold co
¢ooled as” the container -absorbs heat from it. The particles

_in the air Jose some of lhux energy. With reduced. motion,

gaseous waler particles join together to form the visible lig-
uid _drop!gl_s._ o,




EQUIPMENT LIST . PURPOSE To une tomperatire and e
] . ot at yroynd luval 1o doterming the height
< e NODE - : ' of clouds.

How High Are B - Excursioi 5-1
the Clouds?

MAJOR POINTS

1. As aur rises. a) it cools at arate of 1°C pe:
100 m. and b) its dew point decreases at a rate
of 1°C per 550 m.

TrTTmTh T TTTTT27AL the dltitude that thetémparatudd equals T
the dew pomt, clouds torm. (This accounts for
the tlat bottom of many clouds.) )
3. The height of a cloud bottom can be esti-
mated If you know the dew poinf and air
tempdetature al the earth’s surtace.

This is an"advanced general-interest excur-
sion.

—

Many warm summer days begin with a cloudless sky. By . ~ .'
noon, however, puffballs of cumulus clouds may have ap-

peared. Heat from the carth’s surface has lifted moist air up,

forming clouds. Usually thesc clouds have flat bottoms.

[J1. How do you account for the flat 'bottoms when the
cloud tops aren’t flat at all? - '

~

Maolst
warm air.

That isn’t an easy question, byt you may be closer to the
answer than you think. As moist, warm air rises, it gradually
cools. 'Eventually it gets high enough and cool enough so
that the water vapor condenses. This condensing (cloud for-
mation) happens just when the temperature of the air is the
same as the’dew point. This occurs at a specific. height aboye .
: the carth. (Of course, this height varies from day to day.) Figure 1 °
(J2. What part of the cloud is the first to form, the top or
the bottom? : ' -

'[13. Can you now explain the flat-bottomed clouds?




As air rises, 10 cools at an average rate of abplit 1°C pe
100 m. '

(4. How much cooler would the air be at 400 m than at
ground level? (Figure 2)

Figure 2 . ‘ ? cooler‘(\

3° coolorA

This rate of cooling ot air as it risos is called
the adiabatic rate, as discussed in the teacher
nmqwmuammmm3Jh§@@@mmmcmmmn 2° cooler
at,1°C per 100 m as long s W@ Al Ts QAL 77T T T T s R
saturated (as long as the temperature 1S 1ess
than the dew point), and it is theretoi v called y coolerd
the dry adiabatic rate. Once the saturation
point is reached, th¢ air no longer cools at J '
that rato, because the heat of condensation Jogm ) st QQ_ 1] 429 m‘lmrm_..wm
is beinc passed back to JU R night be inter- - . ’ lEartl{
esting to note that if the air descends for any ’
reason (such as flowing down the other side
of a mountain), it warms ai this same rate ot - :
1°G per 100 m. o The dew point of air decreases at an average rate of 1°C

per-550 m.

’

115. How much less would g"dcw. poinl'bf air be at
©.2.200 m than at ground level? L. .

]

Figure 3 : © " Dew point
. : ' - - ?%less

Dew point ~ A‘

3° less

. Dew point A
2° less

Dew point -

Earth

{16. Which decreascs fa.stcr‘wilh altitude, the air tempera-
dew point? o ' C L ‘

7

Ce. 142 '§XC-UR_Sl.0N_ 5-1 /—Figurc 4 may help you with your answer to question. 6. _.
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Altitude (in meters)
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As alutude increases, the air temperature falls faster than

the dew point. Therefore, at some specific altitude, the air
.temperature will be equal to the dew point. At that altitude,

clouds will begin to form. Since cloud bottoms form first,
all of them will be flat at that height. (The rest gf the cloud
forms as thg warm air continues upward. What do you thmk
causgs some clouds to stop getting larger?)

Your problem is to {ind #he height of the base of clouds.:

“~Assume that the temperature at4he base of the cIdud is at

the dew- point.
CalculatmzD the height of the cloud basc involves two steps.

1. 'Find the air tcmperaturé and'dew point at 51‘0un wel.

2. Find the height at which the air tcmpcrdturc (get ing
lower by 1°C each 100 m) and the dew point (gctung
lower by 1°C cach 550 m) are cqual.

.

“'Figure 'S shows a sample problem on a day when the
tempcmturc at ground level 1s 26°C and the dew pomt is
8°C. - - Ca

. . - ) .
Tha rate of decraease of air tampuoiature is 1°C
par 100 m: the rate of decrease of dow p

15.17C per 550 m. To get both 1ates in—< n-

mon terms of dacrgase psr m, divide thg 1°C
by 100 and by 550 raspectively. This]%ives :
rates of decrease of 0.01°C per m for air, and
0 0018°C por m for dew point On the next
page, students are Challenged with an op-
tional activity(question 9) of geriving.the for-
mula given. FreAn the start above. this is rela-
tivaly simple. Accepting the fact that ctouds
form at an aiude (hY where air temparature

.and dew poim} are equal, then the air temper-

ature at that pdint will be the air temperature
ofh the ground minus the decrease due to
haight, or T, -- 001 h. Likewise, the: dew-

pont at that haight will be the dewpoint tem--
puarature on the ground minus the decreas:::

“due to height, or T‘,-"_ - 0.0018 h. But at that

height these two terms are equal,'so T,
0.01 h'= - 0.0018 h.

Collecting the 'h"” _ter‘m on ona side:

I;x

0.0t h - 0.0018h =T, ~ T, . or

o~ 00082h =T, - T, . or

, e = Tade

o ~“abzié:o.‘l“" .
. '\ wr 1P(Tnlr N T‘“")-

. ’ | * | i
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" Clouds form.
(Air tamporature = Dew point)
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Note tirat aitbough no equipment w ]
for this axcursion,.in order to answer question
8, students will need yp-to-daie readings for
temperature and dew point, and may have to

. use the sling psychrometer and the tables in

the text.
.
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26

Air temperature
{(drops 1°C
per 100 m)

go
Dew point
{drops 1° C
each 550 m)

An casier solution than the one showniin Figure 5 involves
using a simple formula. Here it is: _
-1 d.p)

i . - % : Ny, -
LA - .
s o _
: . -~

ground level temperature of atr

Height of cloud bottom in meters = 1'22(Tm—-

1 L
1&dr

Tup. g_round level dew pomt

[17. Using the 'formg&, chetk

Lure 3, oo e

-the Qllmplc 'prq_blc'm of Fig- -

: {
- 7 _

’E]B Calculate the height at which clouds could form today.
(Record your method,. data, and cenclusions in your Record
Book.) | I - -

N

- [19. (Optional) C:m' }'O.“'-dé_riYC' the i_bI'xilula.Bivc'll for this
type of problem? . L . !

.-

- e
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This s an advanced excursion

.
+

\ Building a Nephoscope
D

» -

vy

EQUIPMGNT LIST

121 am x 21 cm pigce of glass
1 gheet pf black paper
- *—h~—-——4—fuler—er meterstick- -
“ 1 timer with second hand
Masking tape
Marking pen. with ﬂn;\ pomt
1 drawing (.ofnp@s

H

»
i
+
-

9 : e
. .

A nephoscope is b dg;vicc fru can build and use to measure
~the Iorward mouon of a cloud. You will need the following -
mdtendls : al e

'] watch, “with, sweep’
“second hand

1 strip Z)f masking

" tape (about 20 cny)

I panc of window glass,
~approximately 21.cm
. X 21 ¢m
. # 1 sheet of black paper, cut
to the same size as the 1 marking: pen (fine
"glass pane .« point)
1 centimeter rul{r (or meterstick) 1 drawing compass

L

\ACTIVIm 1. Clearly mark a point near the center of the black
paper. With this pqint as center, use a congpass to draw a
cnrcje ot 5-cm radlus. : R L

e !
PURPOSE  To budd an o lllmn nloanda usy
it (o Hludbudn\] iowl spead

-

Q

| Excu'rsion 5-2

-

. .
MAJOR POINT

An 1nstrument ¢an be constructed to obtain
data that will. enable cloud. speed 10 be
measurad. R - v

.

Note. This excursion requires caréful con-
slruction, somewhat difhicult méasurements,
well-delineates* glouds in the sky, and sorie

» mathematical skills. It shou'd probably ‘be #t-
tempted only by more capablg students.
Note that two pencils and a piece of stung
Fcovld be used to draw the circle i no drawuu;
compass 1s available.

Fy

+ . -

Another way to-
_draw a circle
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ACTIVITY 2. Tape\ﬁe black paper with the pencil markings
next to the glass. They should be visible through the glass.

i
AT e M
' LT A
IAePr. ;E,..‘},” ‘-..-.} y

g _.._;._‘-I“'_.-ACTIVITY_- 3.-With the -marking pen, trace over the pencil

- ke .
The instrument mMust sit on sorething solid
and ifimovabta. Thé observer must alse be

. able to hotd a fairly fixed position longrenough

to maky the camplete measurements.

"

- markings so that the glass sheet is marked like the black
paper.

A

o

-ACTIVITY 4. Place the nephoscbpe as near a window as pos-
sible, or in the open where you have a clear view of the sky. -

N

\._m..__:'__._-_-




JAFuiToxt Provided by ERIC

-

Choose some clouds as nearly overhead as possible Stand
beside the nephoscope i a posion from which you can scee
the reflection of therclouds. You may need to prop one edge
of the nephoscope ‘on a book. Once you have this sct up
(Figure 1), you arc ready to make measurements. You will
need the help of a partner.

r'd

Figure 1 Position 1

.

4
«

i

Ii?tudems have had the hecessary geometry,
they can visualize the similar triangles. Other-
wise, they have to accept the mathematical
retationship on faith. :

Poslition 2




.

LY

You can swe that this will not work on an
ovorcast day without clouds that have well-
defined cdges. Also, it should be dono on a
day that the cloud height can be estimated by
using Excursion 5-1. This means that the

then it will mean that the observer wiil have
to remain motionless tor 5 minutes or more.

[}

———¢iguds ‘should-be--ol-the cumulus type. Even

ACTIVITY 5. First, select a clearly identifiable point on the
edge of a cloud. Posltion yourself so that the refiection of
this point is at the center of the nephoscope.

Position 1
o

I

ACTIVITY 6. Then, without changing your position, have your
partrief time the movement of the reflection. Record how.
many seconds it takes your chosen: point to move. from’ the
center to the rim of the circle. Pon't change the position of
youir body until your partner méasures the height of your eye
above the nephoscope. (See Figure 1.) Record your data in
Table 1. ’ .

Position 2

)
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“* Table 1 ' 5

oA
Distance moved by reflection (d) 10.005 mcter .
Time 10 move 5 cm (1) . : scconds .
' Hci_g;ht of cye above nephoscope (h) meters
Estimated height of clouds (H) meters Note the ncad tor clpud height.
(Sce Excursion 5-1. ) . - .
~ .
. :
Do not forget lo change your measurements of h and d o
from centimeters to meters. .. .
With a formula from geometry, you can use the measure-
ments you have just made to calculate the distance traveled
by the clouds. )
- D H xd .
h
D = Actual distance traveled by cloud” 7. - ”

H = Estmated height of cloud
d = Radius of nephoscope circle _
h = Hcight of eye above nephoscopc . .

i | l & Just to have some “pallpark™ tigures. with a
clou.d at 2.000 m, a radius of the circiv at
S v ’ 0.05 m and the heght of the eye 25 cm
- 3 (0025 m) above the glass, the distance trave-
. . ) led by the cloyd wdl'bo about 4000 m. ...~

. . _

SO . | EXCURSION 5-2- -149




[J1. What is the distance moved by the cloud?

{ 12. Supposc the estimated height (i) is 2,000 mecters. What
- distance would the cloud have moved it all your other mceas-
urements were the same as before?

(3. How fast did the cloud move in meters/sec?

"1t the cloud moved an actual distance of
4,000 m_and a reasonable wind speed at that (Spccd — _l_)_>
———-aititude-ts 36-miles per- hour (48 km/hr. 13 t
m/sec). then the time would be about 305 C ' .
seconds, or 5 minutes. .

:60?:()) rh;t:ghr‘oﬁg(!:‘lgn“;;“c“& ;"ﬂ‘éhﬁ);’:‘f&: 1]4. Supposc you wanted o use this method to measure the
the Girele. (With this instrument it would be  speed of a jet aircraft. What would you nced o know?
well-nigh impossible. With the aircraft low I

enough for the reflection- to be seen, the o []5. How could you improve this method of determining
image would move very rapidly across the Joud s od? : :
circle.) + cloud speed: . : .

5. Student answers ‘may brovo interesting.
Probably a radarscope woulc do a better job.

~

x

o U A g




EQUIPMENT LIST

1 plastic straw
Rubbar tuting. 2-toot leiyth
1 pail
t comb
. Scolch tape or clay
1 Hat pan

And the Rains
Came Down

PURPOGE
cipitation.

T'o tast a possible thuory for pr

Excursion 7-

This is a general-interest excursion. ’ ;

. | /

Growth of
Crystal or
Water Droplet

ne)

/ A
Conqensatlon / Q

/

Saturation

/

/[
Cooling 7

—

Contaminated,
Moist Air
Figure 1

You have been studying a number of cvents that take place
in the atmosphere. All these events can lead to onc other
occurrence that we associate ‘with w'cathcrﬁprc'cipitatiml.
This precipitation can be in the form of drizzle, showers,
snow, sleet, or hail:*lt all depends on the lemperature and
_other conditions.

Precipitation might be considered the top rung of'a ladder-

.

of events that occur in the air (Figure 1).

® . -

//O

MAJOR POINTS

1. Precipitation is the end result of a numbar -
of events in the atmosphefe. '

2. To go from condensation to precipitation.
cloud droplets must be brought together to
form a raindrop. ' '
3. Qre model oferandrop formation yses
electrostatic attraction as a basis.

4. Ice crystals in clouds may be another tac-
tor in precipitation,

.




Let's climb @ rung 5, Condensanion. You have tound that
air must contain water vapor and some solid particles for
condensation to take place. When the temperature of the air
reaches the dew point, the water vapor will condense on the
particle surfaces (dust. smoke, salt particles). Figure 2 illus-
trates the formation of a cumulus cloud. Moist air is lifted
and then cooled. The cloud forms when the dew point is
reached and water begins to condense on small particles
(condensation nuclet).

Figure 2

.

_ Cloud droplets

Dew Point Level

Rising molst air

\

The cloud consists of very 'liny-droplcts, which wc'll call

“cloud droplets.”

Figure 3 compares the gizes of a condensation nucleus
(dust or saly),"a cloud droplet, and an average-size ramdrop.
An average raindrop is so large compared to the droplet and
condensation nuclei :,l}ﬁl we, can- only show part of it.

Condensation
‘nucleus (dust)

¥
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Now glance back at the ladder in Figure 1. In order to
go up from rung -5, Condensation, to rung 7. Precipitation,
Growth (rung 6) of the “cloud droplets™ must take place.
ne million cloud droplets are nceded for a small
to form! How does this happen? To find out, you

Scotch tape or clay. ;

Flat aluminum pi¢ pan

ACTIVITY 1. Carefully punch a pinhole on one side only of
the plastic straw. Block up one end of the straw with clay,
or tape. (The end must be watertight.) Fasten the open end
of the straw to the rubber tubing.

Pin (cut pin hole; E
do not cut through bottom)

The proecess by which the tiny cloud droplets
come fogether ta foun raindrops s called
codlescenca. s notigst 4 stge matter of

S thear (‘o(hdmg A forEnag b geet adney
When the hn,v Jroplets coma togeler ey
rerd to baunce oft each other ke rucber

balls, possibly because ot surtace tension
Some torce 1s necessary to got them to stay
together to torm drops

Perhaps 't would be wise to add a mop and
paper towels to the equipmant hist This actuv-
ity could get messy xl rt 1S not caretully (,on-
trolled '

-~

P . r T

Push clay In Plastic straw

ACTIVITY 2. Set up the apparatus as shown. The top supply
bucket should be about 3 tull.

v

R arbe p . .
. gy

‘;".:..‘ <V ﬂ‘;l g;l- i\\'“"\' \‘t\ ‘\‘. “s

;\L "\f\‘? h;f \‘ ;ﬁ

Rubber tubing

EXCURSION 7-1 - 153
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AGTIVITY 3. Hold the straw lowqr than the water level in the
bucket. Suck on the pinhole until water starts to flow. Hold
the straw In the pan so that the fountain Is vertical.

Plastlc
straw
with
pinhole .' - Rubber Water

4

\Bucket, -
3 full
of water

Stragw Is held
beheath the level
of water In the bucket.’

s S ek —— T

4

-

Pie pan

-
. ACTlVITY 4. Observe the spray of water caretully. Pay partlc-
A oellulose .acetate strip rubbed with lissue

 paper, o a vinyl Strip rubbed with wool cloth, ular attention to the size of the droplets. Now, while you hold
will work even better than the comb. These  the straw, have your partner run.a comb several tlgnes thiough
- are the two strips used in Level ILISCS, and  hig hair, and then move the comb close to the spray Move

they may be readily available.
i . the comb In and out sevpral times.
s

{
{
A
;.
N
il
a1
‘[.

!

|




[J1. What did you observe happening when the comb was
braught close to the spray?

[J2. What happened o the size of the droplets when the
comb moved toward and away from the spray? '

(33, Give your explanation of why the comb aflects the
water spray? : '

[14. Docs this investigation suggest what might cause tiny /

cloud droplets to combine to form raindrops? Explain your
answer : . An electrostatic fleld does imdaed cause go-
b v zlescence of the diops. But students should
T L - - - e ——mbealizo-that-the- 15 onty -a—theory==a modattor——"-"
The friction that results when a comb is run through dry '@ possible explanation of raindrop forma-
. . . lien. No one has actually observed this hap-
hair produces an electric charge on the comb and the hair.  pening inside a cloud, and there could be .
Thiggharge has been described i detail in Volume 2 of  Other tactors—other modéls~that could ex-
- . ) . . . plain the phen~amena just as wall,

lS .b- ElCCtllC Cllarge Can plOdUCC a 1OI'CC OtﬁtlrﬂCllOH be“ Fo( you( ”]‘()nnauon’ v\.:a[e( ”]O'OCUK)S are
tween objects. As you brought the charged comb near the  par—inat i the 2 hydiogens with a plus

at . he d let bablv incre ed in size. It is charge are onented toward one wide of the
waler spray, the ropicts pro‘ a y ll](,r(,a§(, - size. s molecule and the oxygen with a double minus
reasonable to assume that this charge was caused by the  charge s ononted to lhe other side. The
. .o - : N . . . charge on tha caomb. either plus or mminus,
char_ge on the comb. .Tmy droplets were dl(r.aclcd to cach O oppositely charged particine,
-other and combined into larger ones. Electric cliarge also  vinch ars true 10 orient themsalvos toward it
exists in clouds. Therefore, it is reasonable to think that this ~ The water spray is thus attracted. bacause

- . . R : part of cach molecule 15 closer to the comb

churge may cause the formation of raindrops. ) than the other part.

There is another factor in raindrop formation that some

meteorologists think is even more important than the pres-

ence of .cleunc chal_gc. Thiy factor is the presence of 1€ iere's another modci—and one that enjoys
crystals in clouds. Figure 4 shows how the temperature in moro favor, especially for clouds that extend

a cloud may vary. In large tlouds extending to high altitudes,  hgh enough (sweiling cumulus, cumulonim-

bus) to reuch Whe freezing level,

Figure 4

Freezing 0°C = =~ = == == = o e 2 ‘*\- - —— Freezing line
point . : ’ X ..

"M lce crystals ' .

o Supercooled !
dro7ﬂels !
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. —-—Note the keying of Excursion 7-2 hete as well

as in the chapter.

EXCURSION 2
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the temperature may be well below the freezing point of
water. The water droplets at altitudes above the-freezing ling
will be colder than the freczing point of water, and sull be
liquid. These droplets are called - “supercooled™ droplets.
Some ice crystals will also exist in the cloud. 1f a droplet
collides with an ‘ice crystal, the supercodied droplet will
immediately frecze on the surface of the jee crystal. 1f this
process continues, the ice crystal may become heavy enough
to fall through the cloud. If the crystal falls through warm
air, it may melt and reach the ground as a raindrop. If the

_crystal falls through air that is below freezing, the precipt-

tation may be in the form of snow or sleet,
If you are interested in finding out how hail forms, take
a look at Excursion 7-2, “*Cumulonimbus.”




~

EQUIPMENT LIST This is a general-interest excuiston.  PURPOSE  To study the duvelopment, chair-

N ‘ . actonstics, and propomties of thunderhead
one : : clouds o

»

Cumulonimbus - Excursion 7-2

-

MAJOR POINTS

1. Cumnulus clouds age constantly changing
shape and size and zﬁy build to cumulonim-
. .Du'a_ .o -

Violent air movornents wnhln lhe c|0ud can:
produce violent weather.
3. Successive up-and-down trips through the
cumulonimbus cloud can build an ice crystal
into a large hail.lone. :

4

K

This excursion should be donc on 4 day when there are
cumulus clouds. F 1gurc 1 shows a typical dxsplay of cumulus .
clouds. - _ _ Figure 1

B )

-
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|
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Whaether or not a cumulus brows to a cumulo-
nimbus, or remains the same size, or dissi-
pates, is controlled by the stability of the air.
This in turn 15 affected by the moisture con-
tent ofithe air. Alr that is conditionally stable
and hay a high mosturé content may be up-
lifted b%)ne ot the four agenty that make up
the modbl. When the condensation lavel-Is
reached and clouds form, so n.uch heat en-
ergy Is given to the air by condensation that
it becames unstable, nses rapidly, and buids
into huge clouds, - :

ACTIVITY 1. Go outside, lie on the ground, pick out a single
cumulus cloud, and observe it for at least three minutes. Then
select another cloud, and again, observe it for three minutes.

N

- .
. . A
¥

~[']]}1:1Lxst the changes you obserwgd for the two cumulus
clouds. i -

()2. Compare and contrast the behavior of both clouds.
You learned carlier in this unit that if warm. moist air
* rises, it will cool. The water vapor will condense on uny sohd
surfaces, forming a cloud. Cumulus clouds, with their putly,
heaping appearance, arc formed where updrafts of inoist,
. warm air occur. You might have noticed that the clouds you
observed changed quite dramatically. Perhaps the cloud
moved horizontally, broke upari'.‘ faded away, or grew larger.
‘(j_cncrully these cl(__iuds don’t last too long because the wr
surrounding them is usually quite dry. This dry air causes
the cloud droplets to cvaporate and become invisible water
vapor. . . _ _
Some cumulus clouds, however, are huge and may last
. long enough to produce violent weather. Examples of these .
clouds are shown in Figures 2 and 3. '




L4

The m&:_;ture conlent, and therefore the en-
ergy content. of a thundorhead 1s ternific. It
“hgg”becn calculated that'a single thunder-
storm about 3 nules iy diameter can contain
as much as a halt mihon tons of condensed
water. Thus 15 found in the form ot water drop-
iels and ice crystals In condensing this much
moisture out of the water vapot. thé encigy
released by the latent heat of condensation
15 equiyalent to hurning about 60,000 tons §f
coal. N \ : R

.

F

O X
N \J

‘Figure 3
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You plobably know that the clouds shown i Figures 2,
and 3 are cumyjonimbus clouds. Perhaps you have scen
one recently. You may remember that wind, thunder, light-
ning, rain, antd perhaps even hail may have been assoctated
with it. How docs a cloud get so big?™MWhat happens side

4 ‘i\lot‘e 1hat the excursion supposes stddents . a vi et
> e bie 10 Obsares cumulus and cumulomm.  RESE clouds w produce a violent thunderstorm? .

-\ bus while they do the aclivities. _ L
) ACTIVITY 2. Figure 4 shows drawlngs of the same thunder-
cloud at different times. Using the vertical scale shown in the
photographs, determine the height, in teet, of the-cloud at
‘each time. . ' 7

I S

e

O

5.000't.

-

¢
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3. How tall (trom botto‘g o top) was the LlOUd at each
umg interval?

-

%

["]4 What was the mlu“of growlh of the 1hundudoud‘7 -V
(Hnt: How ‘many feet did it “grow” per hour?) ' © e

.. . ' . . -
' - . ®

* This violent p-nd-down motion of air is ex- - Rising air in somé thunderclouds may have upward spc‘cd%
tremely hazardeus to aircraft flying in prox-  ©Of 60,000 to 100, 000 fect per hour. At such speeds.-the' air

imity to the cloud. Besides extreme passen-  ay climb above the condensation level very rapidly. If the
ger discomtort, large stresses are placed.on

-~ the structute of the-plane. There are many surrounding air is relatively high in humidity, lhu cloud may
documented cases of ext%nswe damage’ to gr(_)w to 40,000 fcet or more! - .
the cralt 1

- d o nside ‘the cloud, air n{ovcs violently. up and/or -down. -
. " Figure § shows the natur¢ of the air moton 4n a cumulo-
. L
“160  EXCURSION 7-2 - dimbus Qloud. N E . g
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— 30,000

[~ 20,000
B ?

Ground

Notice thdt at first the air motion is predominately an’
updraft. During maximum' development of the cloud, the air «
" Mmoves both in violent updrafts“and in downdrafts. Finally,
e thc\_;yward motion, which supplies the moisture, ceases, and
~+-the cloud consists only of downdradts.
Let’s examine one important effect of the ups and downs
4 of air in a cumulonimbus cloud. This effect is called hail.
Although most hail is about pea size (§ inch), somé hailstones
may,be as large as tonnis balls (23 1o 3 inches in diameter). -
A close inspegion of hailstones reveals that they consist of
a senies of layers of ice in concgntric shells. ‘Sc/c Figure 6.

_\ i

> Figure-6

" Figure 5

b

In a tull-grown: cumulonmimbus. the greatest
updraft comus in the front third uf the cloud.
This has the eflect of producing a relatwvely
calm area at ground level after the first qusti-
ness and large raindrops have stopped. Then
the major precipitation occurs under the back
two thirds of the cloud.

/

-

/ . -

« The formation of these ice layers requires the presence
» _.ofwstrong updrafts. e ‘ :

. A .“Ak;“
‘necessary in

g (5. Why. do you.think strong updrafts afp
forming hail? . .

-~

.
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‘;l S _ Imagine how strong the updralts must be o produce haal-

If an ice crystal falling through the claud s caught 1 an

A Cupdratt, it can collect more droplets on its surface. The crys-
' tal then enlarges. Near the top ol the cloud, the force of
< the updralt decrcases. The now larger crystal falls agan.

collecting more ice on its surface. Iitis hurled upward again
by the updralts, still morc ice collects.

(16. What would causc the hailstone o finally fall o the
carth?

stones. the size of tennis balls! Lo e

L3
et
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EQU.'MENT LIST

1 waathar instriment
Barometer

Shing psychrometer

Weather map

Weather Prediction

This 1s an advanced ganeral-interest axcur-

sion.

L]

and Fore“casting

Have you been wondering how meteorologists can predict
the weather from data like that shown in Table 1?7 How can
they ®ombine several kinds of inforn

forecast the weather?

1ation to interpret and

“

PUHPOSGE to altocd practhice in
weather torecenatsg

Nthnig

Excursion 7-3

?

-

MAJOR POINT

By using the weather clemiants of tempera-»
turg, hunadity, cloud, wind duoction and
speed, and borometic pressyro. and the de-
veloped moder for weath- . a short-range
forecast can be made. .

»>

- questions, N

. Table 1 : : ’ \
.! ) ’ ’ L'y ‘\ . * . . < . X '
- Wind { Wind | Cloud [°Cloud | Pre- Bagg | Rel | Dew ™
Day Time | Temp. Dir. Speed | Type Cover cip. Présc | Hum. | Point.
. ) Y " -
— = T o
20 | 1:30 | 17°C S 8-12 1 Stratus — 29.90 55"/2 ~13°C s
21 2:05 20°C S 8-12 | Swratws - 29.88 1 83% .| 18°C
2010 0°C | LN | 2531 | Cunddo- | O | LSem | 2987 160%. | g -, .
‘ - £ .1 nimbus e, T
+23 faas sl N | g | Clar |20 ~ |92 | F | eic
24 &‘__ . . . § — ! . - ‘ —_— 3 . t e 7 . :_
' . —b ; ,,., s
- ’ .b . - - ¢
| 3 .
~ How well can you interpret the data in Table 19 Can you g . . .
spredict what the next day’s weather wijl be? Notice “that the
data s for-a four-day period. Data for a fitth day (the 24th) e " _ N
. . - . . . S, . ] - -
~-i1s-not included. You will try to predict this data. Study the .o ‘
‘patterns in vach column before tying to answer the following ¢ . N _ .




(7}1. What kind of front is moving acioss this arca’ -

(7)2. If you knew that the center of hagh pressure was due
to arrive on the 24th, predict what would happen o cach
of the following.quanliticsjusl after it arrives. (Complete that
part of Table 1 in your Record Book.) \W '
' . TEMPERATURE (Drop greatly; drop slig ly; no change;
L ) ' rise slightly; rise grcully?)
HUMIDITY (Drop; stay the same; rise?y
: : CLOUDS (Stay clear; get cloudy; if su, what types?)
~—3 Tt T C-eio - WIND (Nonc; strong; light?) '

¥ PRECIPITATION (None; some?)

( .
.

FFortunately, the weather pattern shown by the data”in
Table 1 is a fairly clear-cut case of {rontal movement. The

e e .
o eeemenare . £
-,
<
A\J
»

i r oy =Y
o, :
i 3 .
* »
L4

p et fore the first part of the high-pressure arca arrived. The drop
' imn lcmpcrulurc' shows that the high-pressure arca was the
result of an advancing, cold air mass. As the cold mass maved
into the arca, the relative humidity rose, water vapor cot-
densed into clouds, and rain fell. After the cold ar mass
replaced the warm air, the air was cleam® cold, and fairly sutl.

,j Most weather prcdictions, or forecasts, are for less than
ol ‘ v . : 48 hours. They are called short-range forecasts. Carcful anal-
W . . - . ~ . . .
. 1 - e ysis of the daily weathtr map (which you can obtan trom
-~ ,' - Some . teachers start bringing in the daly. - . .
o weather maps. at the beginning ot the unit a daily newspaper) ¢ ipled with the observations you make
B | These can be posted or mounted sequentially  of tcmperature, presyure, humidity, and cloud type, will cna-

on a bulletin board, chalk-board, "or wall . 1ke 48-hour forecasts
Sl . Probably nothing can make the procession of ble you Lo l]}dkc " 1our forecasts.
4| . daily weather across the eountry as teal as - Table 2 describes signs 10 look for when making short-

this. becayse the stugpmss can tid it ihto the . } .
o e ' " " range (48-hour) forecasts. g
1y

' daily weather obsprwdtions.
o . . )N *\ e at
A .

| ~ ACTIVITY 1. For the next three days, continue to gathér
_ weather-watch data. Each day, study your observations and
make a torecast. of the next day's weather. In addition to

- making your own observations, consult the daily weatl;gr map

posted in your room, or look in your newspaper.
.- » .

]

air pressure dropped shightly and then rose rapidly just be-

O




*

Table 2

k_ .
Weather

“ Element " -

hery
et

[ Slgl\l il

B

- Probable Change in Weather

e o

s PN
. ¢
A - o o4y
- I8 e
CohL

Air Pressure

Rapid drop (‘“\ el

4T,

. : : . .
Front approaching—rain or
" snow -

L
Rapid ris¢_- .

S,

[P PO, S

dag

i Front moving Out—clearmg
and [air

B
_Stcady N

¢

Weather remains same,

e e s e e e =3

.« W
-Pufly, scatiered
cumulus. "¢

“Fair weather .

Afternoon cumu.:
lomimbus clouds

- Thunderstorms -

)

1

~Altostratus

1

. Warm fropt—no rain unless
“cloud type changes

a .

Miscellancous

Coo’,' clcar'.dh'y s
“with little ‘wind

' .
High presiure over region-——
* weather will probably remain
fair.” ¢ :

o

T e .
. ‘

Sudden Chapge

s Advancing of receding front

in wind drmrection |-
. *

- 7 ‘ ‘
\%ur torecast should be recor
you mayaalso want to

post it on

board. Try (0 include
forecast: - S

-

AV .
ded in your Record Book and

the chalkboard or bulletin

predictions of the following in your

I. Claudiness (increase, decrease, remain the same)

« 2. Probable wind direction
3. Probable wind ‘speed

4. Barometer reading (tall, rise, remain the same)

5. ‘Probable cloud types
0. Probable Iemperature range
7. Precipitation expected (amo

S

-

unt and 4}8)5

-

Soma of these predlciions will bhe
cuit for the student. Forinstance, :a- ... I
the unit hay the concept benn Gy
wind speed 15 a tunction

RN R P
e
o thgt

of the s¢paialion of

* thaisobars When isobars are closor together
-(stoep pressure gradient), the winds will be

stronger than when the 1sobars are widaly
separated. - ‘

@

|
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As cach day passes, also make a note of your succeess. Fven
. . with computers, abundant data, and numcrous obscrvers,
3 , ' _ . professional weather pgedictors often have a “batung aver-
age™ of only 60% 705 . 1If your predicgions are correct even

half the tume, you are doing pretty well.
You can do your forccast wml\ at the same time that )uu
o are beginning thg next unit. Try not to let newspaper or
television weather forecasts affect your own predictions! The
) object of this activity 1s 1o test how well yorr model works

A _ : : tor predicting, -not to make perfecily accurate forecasts. -
3 Encourage students to play this’ "game™ ot
y l daily torecasting. I11s an gxcglient contimuing

activity . ACTIVITY 2 (Optional). If you are interested, try making an
L O . , ' extended forecast. An extenged forecast is usually a weather
: ' ' prediction up to about a week in advance. Extended torecasts
. are general forecasts. Therefore, you should not be con-
cerned with detaiis as you were for the short-range forecast.
For the next week, predict what you believe the outlook will
be for your area in terms of the following.
. _ ‘ Temperature (Warmer, or colder than normal for that time
"of year)
Precipitation (More rainy or less rainy than normal tor that
- ' - . time of year)
N ' _ Movement of tr%;ts through yoarea

\‘.‘ . . v a

AW TS AP ey -

<

In order 1o give a peneral forecast, you may want o find
out what the normal temperatures and precipitation amounts
1 : are for your local arca. You may also want to look at Vs
A : weather-sateltite photographs of the clouds over the cyﬂﬁ\
*surface. We'll leave that up to you!
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