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and its ac

A pupil’s experiences between the ages of T and 16 probably shape his
ultimate view of science and of the natural world. Durie these years
most youpgsters hecome n},orc ';dcpl at thinking, conceptually. Sinee,
concepts are at the heart of science, this s the age at which most stu-
dents first gain the ability to study science in a ually organized way.

Here, oo, th commitment for or Agdlxhl seence aspan mnterest or 2
vocation s often made.

Paradoxically, the students at this eritical age have been the ones
feast aitected by the recent effort to produce new sciencee instructional
matertals. Despite a number of commendable cttorts to improve the
sttwation, the middle years stand today as 2 comparatively weak link'in
science education between the rapidly changing clcnu‘nl"n'y'curriculum
and the recent
panying materials represent one Jllunpl to provide a
sdugbapproach to instruction for this re clatively uncharted level.
the outset the organizers of the I1SCS Project duudcd that 1t
would be shortsighted and unwise to try to fill the «mp in middle
school science education by simply writing another,textbook. We chose

revitalized hwh school science COUrses. This volume

-instead to challenge some of the most firmly established conceptse

about how to teach and just avhat science material can and should be
taught to adolescents.- The ISCS staft’ have tended 1o mistrust what
Julhonlnu belicveabout schools, teachers, thlqun, and luuhmn until

“awe have had the chance to.test these axsumplmnx in actual LLlS\l()OlnS

with real thldlen As.conflicts have arisen, our policy has been to rely

" moic upon what we -saw Il\ppenl% in the schools than upon what

4 the norm

authorities said cduld or would lmppcn It 1s largely because of this
policy that the ISCS matcrmls represent-a substantial departure from

“The primary difterence belwun the 1SCS program and more con-

-

ventional approaches 1§ the fact that it allows cach student to travel

-
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at his own pace, and it permits the scope and sequence of instruction
to vary with his interests, abilities, and ba&ground The ISCS writers
have systematically tried to give the student thore of a role i in deciding
what h¢ should study next and how sooh he should study it. When the
materials are used as intendeq, the ISCS teacher serves more as a
“task easer” thaa a ‘‘task ma*r It is his job to help the student
answer the quftlons that arise from his own study rather than to try
to antncnpate and package what the student needs to know.
There is nothing radically new in the 1SCS appreach to instruction.

____Outstandmg teachers from Sotrates to Mark Hopkins have stressed the

need to personalize education. 1SCS hag tried to do somethmg more
than pay lip service to this goal. ISCS’ %_]Ol‘ contribution has been to

constraints, in an-ordinary classroom with ordinary children, can in-.

“deed’ give maximum attention to each student’s progress.

The development of the ISCS material has been a group effort from
the outset. It began in. 1962, when outstanding educators met to decide
what might be done to improve middle-grade science teaching. The
recommendations of these conferences were converted into a tentative
plan for a set of instructional materials by a small group of Florida?
State University faculty members. Sn{ill scale writing sessions’ con-%
ducted on the Florida State campus during 1964 and 1965 resulted:in:
pilot curriculum materials that were tested in selected Florida schools -

during the 1965-66 school year. ‘All jhns preliminary work was sup-»

ported by funds generously provided by The Florida State University.
In June of 1966, financial support was provided by the United States.

Office of Education, and the preliminary -effort was formalized mto

the ISCS Project. Later, the National Science. Fop}rd&&on madc sev~ -
eral additional grants in support of the ISCS effort.

The first draft of these materials was produced in 1968, dunng a
summer - writing conference. The “conferees were scientists, science
educators, and szlor high school teachers drawn from all over the

~ United States.. The ongn}al materials have been revised three times

prior to thenr publication in this volume. More than 150 writers' have

‘contrlbuted to the materials, and more than 180000 chlldrcn, in 46

- states, have been involved in .their field testmg

We sincerely hope that the teachers and students who will use this

-_material will ﬁnd that the _great amount of time, money, and cﬂ‘ort.

that has gone into its developinent has been worthwhile. -

vj_Tallahassce qunda R
'_ February 1972
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Notes to the Student

' | . ‘ J

The word Science means a lot of thmgs All of the meanings are “right,”
but none are’complete. Science is many things and is hard to de-
scribe in a few words.

* We wrote this book to help you undérstand 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 willhelp you
“learn a good deal about nature and that you will get a feel f&
scientists tackle problcms -

How is this book diﬂerent from other textbooks?

This book is probably not like your other textbooks, To make any

N

sense out of it, you must work with objects and substances. You should
do the things described, think about them, and then answer any ques-

tions asked.' Be sure you answer each question as you come to it.

o The questtons in the book are very zmportant They are asked for

o - three reasons:

' 1. To help you to think through what you see. and do.

- 2. To let you know whether or not you understand what you've done.

3. To give you a record of what you have donc so that you can
usc it for review. - - , e

o

-+ How will your class be'orgaﬁized"

Your scncncc glass will probably be quite: dnﬂ”crcnt from your other
classes. This book will let you start work wntl}, less help than usual
from your teacher. You should begin each day
off the day before. Any cqunpmcnt and supphcs needed
'.mg for you. L .

il

KY

work wheye ou left
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Your teacher will not read to you or tell 'you the things that you are

-to lggrn. Instead, he will help you and your classmates individually.

ry to work ahead 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 gxpect him to give you the answers to the

L . questions-in the bpok. Your teacher will try t6 help you find where
N - and how you went wrong, but he will not do your work for you.

After a 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 1s supposed o

o pomemm s tg work,”Remember, -though, that there will be no prizes for finishing — — -

first. Work at whatever speed is best for you.%?rbrsure you under- ’

_ stand what you have done before moving on. ' ‘

“Excursions are meniioned” at Séveral places: lhesc specT“1 BT R L

- are found-at the back of the book You may stop and do any excursion - N

that looks interesting or any that you feel will help you.~(Some ex-

! » . cursions will help you do some of the activities in <this book.) Sqme-
~ times, your teacher may ask you to do an excursion. ‘

e e e s e e e

What am | expected to learn? - " - ' S

. During thefy("r you wrll work very much as a screnust does “You
+ - . should learn a lot of worthwhile information. More important, we
hope that you will learn how to ask and answer-questions about
‘nature. Keep in-mind that Iearnmg how to find answers to questrons is
Just as valuable as learning the answers themselves. «
.~ Keep the big picture, in mind, . Each chaptcr builds on ideas g
already dealt ‘with. These ideas add up to some of the srmple but
' * powerful concepts that are so important in science. If you are given a
o Student Record Book, do all your writing in it. Do not wrile in this
7 . book. &c your Record Book for’ makmg graphs tables, and dragrams
. .. too. .
N From tlmc to time you may notlce that your classmates have.not
' always given the same answers that you did. This is no cause for
~worry. There are many right answers to some of the questions. And’
_ o ~in some cases ygu may not be -abje to answer the questions. As a
. o " matter of fact, Mo one knows the answers to some of them. This’ may
o | seem disap inting to you at first, but you will soon realize that there _
is much that science does not know. In this course, you will leasm . ..
‘some of thc thmgs we don’t know as well as what is known. Good luck! ' '

R e
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Air Has Its

Ups and Downs -

4

.. 2
,

Excursion 1-1 is.koye(! to this chapter.

How would you like to be able tg explain the formation of
a piant thundercloud like the one shown on the facing page?

“A tough job,” you say. Perhaps, but not impossible. To do.

it, yow’ll need to ﬁnd' out a few LQings about air, water, heat,
and the earth’s surface. You'll necd to know how these varia-
- bles interact to produce changes in the earth’s atmosphere.
These a_lmo'sphcric changés are what~we call “weather.” Of
course there is'more to weather than a thundercloud. How-
cver, old cumulonimbus is an'exciting fellow.
Your first task is to find out how warm and cold surfaces
affect air*You will need' to make an observation box if one
1sn’t zllfca'dy available. To do' this, youwll need the following

wy, Malerials: . e e

v

- “Clear plastic food wrap.. - - '

1 clz_:!'rd_board bo_x__(‘abbu,l 30 cm x 30,em x 50 cm)

7 Plastic tape . -,
~ 1 plastic straw
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ACTIVITY 1-1. Remove one side of the box; then cut a window
in two sides as shown. But leave about ; of the top intact.
Tape plastic food wrap over the windows so that they are
firtight. In one end of the box, cut a small hole just large
enough to insert a plastic straw.

[ ]

Do not
cutout. - - .

Tapo

PlasHc
food,
wrap

Removo side - ' . N
ofbox.

Studying the behavior of air is a bit difticult because air
iy a mixture of invisible gases. One way to study aiv is 1o
add smoke particles to it. By watching what happens'to the
smoke, you can decide what inyisible air is doing. The next

- activities will suggest a simplc”way to collect some smoke.

You will necd the following: .

Scissors -
Baby-food jar
of tap water

I large air piston

1 plastic straw - _

Heavy cotton stnno,‘l2 cm long
Matches

oo k—'—-4-'5c‘_m——;——){ . o
— S )
IS XX~ St Piece :
%ﬁm s:straﬁ"‘i"m
.‘K—§——4cm—t-—-)|’ : ‘/2 cm . | !

ACT|V|TY 1-2. Cut the straw into 4- to 5-cm Iengths Cut the
“string into Iengths of about 4 cm Double one of the pieces
..of string twice or more until it wm fit snugly in the end of
‘a plece of the plastic straw. Leave about ] 5 €m of the doubled

- ~ string stlcking oul of the straw. Repeat the procedure for the

other pieces

AT

TR e T
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ACTIVITY 1-3. Slip a section of the-prepated straw onto the
air piston, Light the string, being careful not to gnelt the straw.
Collect smoke in the cyl\nder by slowly drawing out the
plunger. Remave the straw ancﬁay it aside where it Won't'\i)urn
anything. You may need more smoke later. '

Now you are ready to sce how\ warnt and cold surfades
affecCair~You will use your observation box and the smoke

you collectesl in Azt*ﬁ}i—lyﬁlf}:“m P
‘ .| ‘ .
ACTIVITY 1-4. Place a pan of cold water (ice water or even
ice cubes if possible) inside the observation box. Be sure the
straw Is In place through the end of the box. The end of the

straw should not be over the pan 6f water.

“
Dl
te

ey DN

cold water

k]

b . o R a ‘ _— - . -
- i _ .

ACTIVITY 1-5. Insert a smoke-ﬂlledhl}éléton into the straw
of the observation box. Gently force smoke through the straw
into the box so that it moveg very slowly over the cold water.

Observe what happens to the smoke. -

7
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(71-1. Describe what happencd to the smoke as 1t moved
"{ Lo . : into the regron aboyve the cold surince.
3 ‘. )

R(‘pmt Actuvitics -3, 1, and 1-5 ll\l/}’ a pan of hot water.

o

g ‘ But don’t lhmw away thc ice. Other \tmlum may nced 1
\ . [11-2. Describe \\lml happened o the smoke as 1t moved ‘-} o
N lnlo lh(, lbgjm,n .lhovt, th \\'Alm \llll(lu
- — N ] If.you studied \’olumc | or Volume 2 of the ISCS program,
_>.__....,:___._. ._-_. ..__._T_._NV_._._....v:.» ____\-...5.____. —— e
. you learned that a change in motion of something occurs
. , only if a force is acting upon it, )
3 N e - B
(71-3. How do you know that some force acts on the smoke >
. as it moves into the region above the warm or the cold ;
i . surface? 7 ' ) &
E 1 B : ) v
B T\ ‘Figure -1 iHustrates the smoke-tilled aasat moves above *
R . N . L 4
; ; /(I1c surface of'the cold and the hot water. ’
. ‘, - .
Figure 1-1
L4
’ " ¥ v L .
b
’4 1
. A
= ‘ .
.s;l N .-. :3: . T ™ s
. A . ? | 3
- Pan \\—
. : / _
! L N . T ‘Hot water
E : o . L . . \ . )
4 [71-4. In Figurc I-1 of your Recard Book, draw arrows
R ta f . . . . ~ . N
& X . dicating the direction of the force acting on cach of the
2 on. - ° . . . o . . .
E smoke streams. . ~ - .
The Umed motion of lhc smoke above the warm surface R e
3 suggests that the air is rising, This updmll pushes the smoke
4] : . . : U . i
¢ © - along wnh . g
' = L ‘ L 1- 5 Whar docs the ,smokg movement tdl you Aboul the
.. 4 CHAPTER 1 - motion of ‘ug over a cold surface?
N . ’ ’ !
L, : . : .

a S . . . U . N . .
L - ’ . - . . . -0 [ . . .
oo pmt . - . . - ) L g {7 - . . -
- - . R -
. v A . . . R . . ) [
. .
.
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The vertical (up-and-down) movement of air is very i
portant in producing “weather changes. But_how can this

» ) motion be cxplamned? Putting an activity together with the
) particle model from 1SCS Valume 1 can help.”
? - Geta partner and the tollowing materials for this activity:
. .
D ‘ k I pegboard balance rod
RN I wire support for rod : v
e - 2.small paper bags-of equal size - - o T
! 2 thumbtacks of equal size '
/ ~J ' . L
ey baleohol burner ool
v Matches _
" . . ) S
ACTIVITY 1-6. Set up the balance rod and wire support.as
. shown. Fastép the tw8wpaper bags to the balance rod, using
v the thumbtacks. Balance the rod by moving the sliding clip.
' With Q\e'rod held stationary as shown, hold a lighted altohol
( < - ’
burner about 15.cm below the_open end of the ;l\)_ag on the
, : right. . . ) 5. . . }
Caution  Be carcful not (o 1ot the hay carch fire! KU(’/)_' the
L burner under the /)(/f?' Jor.50 seconds. N
‘ ACTIVITY 1-7. Remove the burner, extinguish it, and gentiy
let go of the bar. Observe )hé bag for several minutes,
RS A Bahince
s rod
vk
: . _ end |
j ' o o \ Alcohol
. . . A T burner
R " [11-6. Describe your obsetvations_from Activity 1-7.
A S [11-7. According to your observations, which has the greaters
) RS mass, .the bag of warm air or the bag of cool air?
<o - - T - o L.h"“",-, S
R - o _ A ) : :

-a
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Figure 1-2

Nomeoprr =y

'I"u: paticle model for matter from Volume | of ASCS
sug'gcslcd that heating a substanee causes the particles of the
substance to spread farther apart. Thus, the particles mowarm
ar L\_\n_‘bc thought of as farther apart than the particles n
cool air. This idea is illustrated e Figure 1-2.

Particles far apart

-]

Paiticles close together

lad

1. Cork held\\ ‘

Figure 1-3

Warm air

Cool air

[(}11-8. The bags shown in Figure 1-2 have the same volume,
Which has more gas particles per volume? '
!

It seems reasonable to think that the bag with the greater
number of air particles will have more mass and therefore
be hedvier than the bag with fefver particles. Because the
bag of warm air is lighter than the bag of cool air, it is pushed
upward by the heavier, cooler air that surrounds it Jt be-
haves somewhat like a cork that is held under the surface
of a liquid. Just as the heavier surrounding water pushes the
cork up Yhen it is rcleased,.so also the surroun'ding hcavier
air pushes the lighter, warm air up (Figure 1-3).

5,
"~

t

Water pushas__ €™

cork up. . 3
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st ﬂnbhts mto space were

: | _ - "~ Bottoms | _'.

Balloons of all sizes, some carrying amimals and machines,
have been propelled upward by the hft of hot gases. Man's
aboard such het-air crafts. Per-
haps you'd hike to try making your own balloon. If so, get
a 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 helping you explain weather
conditions.

But how
sunhight, or

3
o

1s the air cooled or warmed? s it a result of )
the lack of 1tZdocs the earth’s s'urlncc have

—-anything to do with this u)olmg and walmmg ...... SO

Get a couple of partners to help you find the answers to
these questions. Your team will need the following equip-
ment:

5 Styrofoam cups

5 thermomcgters

Scissors

I floodlamp (or 150-watt bulb)
Water 1’( room temperature
Dry sand

Ime/y crushed dry charcoal

_ ACTIVITY 1-8. Carefully cut the tops’off the five cups about
3 cm from the bottom. Save both tops and bottoms 01 the
cups. - ’

—
\ O
]
<

ACTIVITY, 1-9. Fill 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
cups ln a circle. . -

/ Dry sand

. / Wet sz_mq
~Water

@B (abjiilon'k

AL \

¢

~
v
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thermometar bulk shoqld be covered by no mo ‘e than ; ¢m of
material. Lo .
. N
- Thermometers e

)

o] .'_8._,’ _CHAP_'T‘:ERW -

s

.

"

' » “the Jigh is tirned on. Then again 3 minutes-after the light

charcoal \ charcoal
. P

3 4
ACTIVITY 1-11. Hang a 150-watt bulb abaut 30 cm above the ~
center of the circle 0t containers. Don’t turn the light on until
you have recorded the initial te}nperature-lqr"é‘é“(_:‘;h container.
Record your readings in Taple 1-1 of your Record Book.

Floodlamp or T :
150-watt bulb Q-

'.'.l\‘mplcr;uut_"c's'shonld be taken 1 30 and 3 minutes after

~ -
e
, 3

“asMAurned oft

ACTIVITY -1-10.\Place a thermometer in each c})ntainer. Each

-




THERM OMETER REA DLN G 0
- . o Ligl}/v_’l"m'ncd On - _
o ¥ Light Ooff at T ' T L Light O P e
e i e —Beginming or VAN | (] i B Afer After After 5 Minutes
= Matefial » Experiment I Minute 3 Minutes S Minwtes. | . . Cooling =g o~
B . SR+ (AR SOV SN DR S N .
-MMM-_-.} Water A e ) ©-
$ g ,
. . ) .
¥ T . Dry sand .
. - — — 7 - - —
Wet sand i . ”i &
N Dry-charcoal i .
——-——-___!_____.4__.‘___,,_ hd ry ) e
B 3 N . . (o ;
. Wet chareoal '
o A . ] o
s - N . - h . . :." ) T
o Graph the data_from Table™ I-1 on Figure 1-4 of your :
SRR - Record Book. On th raph, cach of the five sets of data. -
e should be represtyed by & different line (sce key). Number - .
. T - the temperature | at left so that the bcginning{t_cmpcra— " . .
PO tures are near 8% Wottom line and the highest lemperagure .- . .
. . / reached-in any mdflerial is near the top. Remember that the L .
DN *  lemperature divisions on the lines must represent equal -
) o . ) .
_ > degree intervals, s : --
/oo . - - .
ST Figure 1-4
. : ‘ - Key
I. " !
: — - i Water -
x. 0 B . - .
. & S ;
i £ B ' g
o - Dry sanq
: 3 'L- P co o
R N 3] . L . :
: ‘® Wet sand : ) SRR
-Q ) . -
“o B _ _ N -
N ’ S n . _ . Dry charcoal
PR ' Wet charcoal - o o
Soa ; . - Jooovo|-
™ o v
- \ 0 9 2 "8 4 s o ' ;10 ¢ .. 3
™ g T Time (In minutes) ' ' ' i
. ."/./,/, . B o O .
ST e : S «C
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The sapme light shone C(]ll‘l”\" on all the materials for the
same period of time. Yet th !meu ature of some mi: nunlx
muu\Ld morce than the lLIllPLl.llllPL of others. '

(J1-9. Of the dry materials, which showed the greater tem-
peratufe change, the cIu\k (charcoal) or the hight (sand)?
Whlch cooled faster? >

- [7]1-10. Of the wet sol_ids, which showed the grc:ué‘f‘ tehper-
ature incrcasc" . . L

(-1, Did tht djy \Qlld show more umpu.uuu mua.m‘ e

than the same solid when wu‘>
[T11-12. Did the témpcm_lm'c of the water cerease as much
as the temperatire of the solids?®

(11-13. When -the hght was turned oft, whichsof the sub-
stances cooled the most in 5 minutes? :

This last m’\'ullm\lmn you did \hould have made a couple
of things rather ol)\lom :
l. When light reaches a surface, the temperature of that .
surface will increasc. - ' :
2. Different kinds: of surfaces show different rates of heat-
mn and Coolmu '

lt is rcasonable to cxput that the air above the carth’s
surface will,be warmed or cooled by that surface,

e

Cooler air

[ SR




From time to tive in this unit, you witl be asked to do
¥

what are called Problem Breaks. These are problems for you ' L .
to solve, without much help from your book or from your . ) v

teacher. The problems will usually help you underStandvhat

you arc studying in the chapter. But that’s not their major

L purposc. They are designed to give you practice in problem .
solving and in sctting up your own cxperiments. You-should

U try every problem break—even the tough ones. And in most
cases you should have your teacher approve your plan before

trying it The first problem break-in this unit s coming-up N S B

i 2

o e e __,nel\(t., —— - - I [E— [ B T T T e

e e ...__f; e T

PN

s 4

: i

PROBLEM BREAK 1-1

It has been suggested that the atr at different pofnls on
the carth feceives different amounts of heat from the carth.

' T . . . . . !
R . ' The amount of heat depends on the kind of material that
R is beneath the air. But is this a rcasonable idea? You can
find out with a few measurenients in the area around your
school. Design your own plan for collecting data."A sugges- .
Jtion for preparing your thermameter for outdoor use follows.
e R N
ACTIVITY 1212, Bend a coat hanger as shown. This can be '
used as a thermometer support.- _
- ‘ a
A
g i | .
9 v 3
e, ’ » :
n '_‘:‘j:l" 1 N ..
- _I h b <. i -
7 ¥ ' - CHAPTER 1- - 11
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ACTIVITY 1-13. To insulate the thermometer from winds out-

doors, us¢ the bottom ot a Styrofoamp cup. (You can use ong
of the cur?s from Activity 1-9.) Then suspend the thermometer

from the coat hanger as shown.

3

~ Thermomaeter

RN

~

hanger

Styrofbnm
cup

(Jel permission from you: teacher 10 g0 oum(k to locate
at least four different kinds of surface as close lonclhcx as
possible, Be sure o gel your temperature measuremens in

the same way at deh place.
In the space pmvudul in your Revord Book, record your

plan, the data you (,ollcu, and your conclusions. =7 -

AR 14 Did the temperature O(lhc()UISldell\’dly, ‘depending
upon the surface under 1?

The temperature of the earth’s surface can be expected,
(o have quite an-cflect on the up-and-down motion of the,
alr dbOV(, it. This air movement has a great effect on weather.
It is the' first step in building the lhunducloud mumonul
-earlier. ' :

- You might find it interesting o know that up-and- down
air has some real effects on aircraft.

-~ l"‘

e

[:]1 5. l:xpldm lhc motion of” thc ﬂlldu shown in hgjmc

1-5.
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Figure 1-5 - -
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- T Before gaing on, do Self-Evaluation 1 in‘jéur Record Book.
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Everyone is “interested in the WCdthl, and almost’ everyone
tries to predict what'it will'be. Somc folks spend all their
time studying weather patterns: These people arc called me-.
- -teorologists. They "want to be able to”explamn weather
changes?and they try to makefaccurate forccasts. _
- As you conlinue your study of this unit, you will do a bit
of your own” weather forecaslmg What you have learned
-about air will help. But you will alsdo neéd to collect data
“on daily weather conditions. To do‘thls you need to establish
a “weather. watch.” :

=" sYou will need a record of the dally weather in yhlr city
- " or town during a period of .about four weeks. To get this
| mfofrmalnon yow'll need to keep a weather watch—~repealed
checks of weather instruments. During your weather watch,

you will meawre certain weather variables every day, in- .
cludmg weekends As far as possible, measurements should
be made at the same time each day. Most of the measure-
' ‘ments will be made using an instrument like the onc shown
. 1n; Flgure 2-1. Or, if your school has one, data can be col-
“ lected from a weather statioh that hae scveml drﬂerent in-

struments N
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Figure 2-1

Indicates
wind diractioh

A Sk I
s RS P AT

Raln gauge

.

Thermometor de

—— Indicates total rainfall

Indicates
wind speed

By

Total raintait

In your Record Book, you will find a weather-watch chart -

. similar {o the one shown in Table 2-1. Keep your four-week

weather-watch data in this chart.”

‘Here are some

your observations.

- L. Date: Record the date you take your uadm&b\
Time: Record the time you take your re: wling.
3. Read the lcmpudlunc in degrees F 1hl(,nhCll to lhc
nearest - degree on the weather-station thermometer. ®

2.

4

“Convert to degrees, Celsius.
Wind direction:

suggestions on how to make and retord

j

Use the wind dllLC(lOl] on the weather

“station. Remember! Record the dl!(,LllOﬂ ﬁom which lln

wmd blows.
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5. Wind ‘speed: Use' the wind - spced ‘indicator on the - . R
weather station. Record the high and low wind speeds . oot
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
EXCURSHON |
the wind speed and. wind direction indicators on the . A6 LI\ I
: we\hex -station metrumu}t correctly. -

6. Cloud typc The pho ographs in Figure 2-2 show the
‘three major types of clouds (cirrus, stratus, cumulus).

13 3] :V( lJ .) ‘l
(Excursion 2-2, “Billboards of the Sky,” will help you & \
identify additional cloud types) Use these various pic-
Aures to identify clouds as you keep. your weather watch.
Write down only the symbol for the name of the cloud
“in-Table 2-1. These ‘aymbols are glVCn under each pic-’ -
Jture in Flbure 2 2 SN : | CHAPTER 2 717
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7. Cloud cover: l*stlmalc how much of the sky s wvc:cd
by clouds. Use the following symbols to. record’ your

9. In rows:9, 10, and 11 of the chart; you will add several
\more items to your data table as you study the remain-
mg chapters

_"Nole 7he weather-station mslrumenl s cahb;a(ed in the
English system. Therefore, you r

""'weeks including weekends if po%xble R

Before golng on do Self-EvaIuatlon 2 In your Record Book'
LAY . .

. Rémember your weather watch 1S to contmue for four

s g n

S data: Q for clear sky; (W for 25% (§) of the sky covered
- by clouds; (' for 50% (3) of the sky covered by clouds;
L o O for 7§ % (}) cloud cover; @ for complctc overcast.
Lo o 8 Precip tation: The rain gauge on the weather Station
) { o will kecp ‘rack ramfall for you. Rainfall for a glvcn
Ty ( R day s tl}é amovunt of new water x§n thg,..cup sincec, the
i‘{é’, L . Jday befqre. Snow is also precipitation. Measure the-
SR ; depth of\snow at some point where it has not drifted.
[_ ) _ “To determine the Jmnfdll cqmvalcnt of snow, divide the _
oy b number qf centimeters of snowfall by 25. (Or, if you
E' © .7 measured depth in inches, divide your measure mcnt by
A : 10.) -

18t make frequeht canver-
.. sions (changes) 1o f/ze metric system. Excursion 2-3, “The
e olwersto)z E, curszon wzl[ hel you wuh lhese changes @

CHAPTER 2 | 19
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You've - learned that -different suxfaces dbSOlb different
. e b amounts OT heat from sunlight. All you need o to prove
L.~ this is to walk around outdoors in the summertime in your
St bare feet. %/ou "Il quickly find thatswarm and eool spols can
-« - exist near ¢ach other. .

_ . affected by the heat absorbed by the surface. Air above a
NV ho’t 'spot 1S warmed. Air;above a cool spot is cooled.

cioat

8- 1. What happens to the motion of air as it pdsses ovei
a hot spot on' the earth? -

__;["_‘]3 -2. What happens to the motion of air as it moves over
v cool spot on the earth" ' |

- . .

.-.'.‘of the earth’s surface is a good start |Mexplmmng weather
changés ‘However, you need to find .out-more about ‘how
“the air is affected by ‘these ups and downs. This is a comph-

Vg

only on the ups for Jow.

- The temperature of the air aboveé tlgc emths surface is

ERREE Knowmg that air moves up and down over dlﬂerem areas,

cated thing tg\do. To make ‘your task\snmpler concentrate .

.

P - . . . .
o e
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, When studying complicated situations, scientists concen-

) _ '_ . - trate on“only a part of the total situation. This is called using
- .o . a “systems approach” in investigations.

. , ’ _ - If you used the 1SCS. Volume 1 or Volume 2, you've used

' ' the systems approach many times before, In using the sys- .

Vo e .~ - temsapproach, you concentrate only on that part of.a com--

: \ L plicated situation in which you arc interested. That part of

h ' the situation is called the systemi. The rest of the situation

A U ‘ ' -+ can be,ignored, except when you want to pay attention to

" the input to or output from the system. 1f you wish to exam-

.ine some ever smaller part of the, system, you refer to it as
a subsystem. oo - s
~ e . ¥ TN -
Figure 3-1 will help you take a systems approach i secing -
how air is aflected by altitude (height above the carth’s sur-
face). The total atmospherc can be thought of as the situa-
L P ' tion, The vertical column shown represents a column of air
" N - extending up from the carth’s surface. This column will be " -
! ' ' ' the system you will study. Two cubes have.been drawn within
I the column. They represent cubes of air. You can think of
[} - s . .
: them as subsystems of the column of air. Air from outside
' the colump (the system) can flow into the cubes'(t‘l_e sub-
! ~ Systems). And air from inside the cubes can flow out of the .
Vo column. ' ' -
J ’ -
[}
!
i
]
[}
]
t
]
!
L]
l
!

-

-

Figure 3-1 : | O | BT o "
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" Warmispot . i L . : : l
: St ) . : . . - . : PN . .~ - .
- SR \ A Assume that the column of air shown in Figure 3-1 is
S o e : .\\ - © " stjnding over a warm spot on the carth’s surfpce.  ~ Ty
T . [J3-3. Which cube of air would be warmer?

[J3-4. As.air cube A rises,.what do yc')u'_predict will happen
lo its temperature? R

ey

ERIC
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PROBLEM BREAK 3- 1 _ .
Desrgn and conduct an investigation of how air tcmpcm-- | B , B
-ture varies with altitudg, Record your plan the data you LR SRR
collect and the conclusions you 1cach n yom Record Baok. - f S ’
. ; . . ,AZ' -!.’:'.
.D3 5 Accordmg to Frgure 3- l Wthh cube of air l 'S more .
air above it, A or B? - _ : '
(]3-6. Which cube of air would have more werght on it from : .
above? . = \_\-"\ o o R .
You may be a b1t concerned about question 3- 6. In fact
© . you niay wonder why such a question was asked. Is it reason-
. ..able to think of air as havmg welght? Try the next actrvrty
.. and find out for yourself. . ", L _
""_.!:You w1ll nee(Tthe lollowmg materxal%
il _balance rod, with 3 balancmg clrps N e
‘balance rod. wire support R I L e o
2, balloons of equal s1ze G T ©.. . CHAPTER3 - 23 ° . @ .

Air is warmed by being ncar a warm surface. The air
closest to the surface is warmed the most. Generally, lhcn,. _ )
the farther the air is from the carth’s surtace, the cooler

will be, Thus, cube A in Figure 3-1 should hd\’ a hlbhcr

temperature than cube B. -




ACTIVITY 3-1. Fasten the two balloons to the clips as shown.
Balance the rod by nioving the third clip. (You may have !o
move It across the wire support )

Batloon

Balance rod

" TBalancing ¢lip

ACTIVITY 3-2. Remove one of the balloons, _bl'ow 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 fevel, _
then gently release It and observe wha! happens . i

;f" . . "‘. .

The breath Yyou blew into the balloon is warmer than the
, room air. That is why you were told to wait a few minutes
Y. .. . < - before compdrmé> its mass. This wait'g ‘gave it ume to cool off
W - a bit.” gRIEE ‘ .
e L ~... % . [1]8-7. Explain your observation from Activity 3-2
» . - . N . o * ) - o .
igi: oo / - Now ilfink"lgain about the column of air from Figure 3-1. - .
?;gg — . ... Every particle of air exerts a downward weight force."All .~ =
¢3RN e ’"lhbse forces together ‘make the to(al WC!Bhl of the column SR

Sl
fi2 YRS
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[13-8. ‘Which cube of air (A or B) has more weight acting on
it from above, in Figure 3-17

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

The total weight of a column of air on imaginary cube
A results in the air pressure on” that cube.

((13-9. How doés the air s ressure

(ht, au _pressure on cubc

on cube B compare wnh

Figure 3-3 suggests how particles in a column of air might
be expected to look.

Figure 3-3 |

o

e

EathsuHace-

You may want to check your understanding of the -term
pressure. If 50, turn to Excursion 3-1. L

By now you should expect that air pressure \Vl” decrease
as altitude increases. But yousmay wonder if air pressure can

-vary at the same altitude. For example, does atmosphenc

preqsure vary.right at the carth’s surface? _
. To answer this question, you neééd some way of measmmg )

atmospheric pressure. The next activities wnl! show you how -
~ to_make such a device and how it works. "

You need a partner and the followmg matermls

1 balloon e
i1 baby-food jar (must be large sme)

CHAPTER 3 25 o
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"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
faut. Then have your partner fasten it in place using the rub-
ber band.. The band will have to be doubiled once or more
to make a tight seal. This seal is very important.

%

Balloon’

‘\

.Baby-food jar

T

What you have just made is the basic part of an atmos-
[)hel'ic pressure measurer. Before \ﬁnishih‘g i, however, let’s
use the particle model; to explain howi"'-;jl shonld work.

Air is both inside and outside the jai, The particle model
(discussed in ISCS Volume 1) says that the air particles are
in motion (Figure_B—ﬁ). They are bouncing against the inside
and outside of the rubber cover. _— )

L)
1Y

-

-an
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reo e If the jar is tightly scaled, no moro air particles can enter  Figure 3-5
LI IR _ or leave the jar. The top of the balloon is flat (itot bulgmg
- in or out.) T,hc‘rcfore, the pressure of the moving air particles
against the top of the balloon 1is balanced by the pressure
of the moving air particles.inside the jar. This is diagrammed.
. in Figure 3-5, with_ arrows representing forces. Force 1 157
" equal to Force 2.7 -7 L - N
N T : S B e A ——
L e S
o o If the particles insidé-the jar excried morc pressure on the
{o rubber covering than ithe; particles outside, the covering -
_ ' would bulge upward (Figu re 3-6). In that casce, Force 2 would |
- _ be greater than.Force 1. o -
\ . ) 4
S - - ! ey
AR ST 6  Figure 36
Vi : e . . . . .- R T ‘ . R . )
Lo T ms-10. What wouwld-fappen to tho rubber ¢overing'if the = =
kMW7 forces (pressure) outside werk greater than the pressure in- '
B | side? (Show your answer by completing the drawing in Fig-
ure 3-7-in your Record Book)* - - P -
“y ot

Figure 3-7 . ?\«
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The flexible rubber covering allows the vslume of the air

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

. .7 Jar incrcases, the rubber balloon bulges in. When the air
pressure oumdc 1S lowcr than 1t is nside, the rubber bul&cs

out,

_ . You can add some addmonal parts to the jar that will
a - make it possible to measure very small changes in the move-
r _ ' ment of the rubber cover. To do $0, you will need lh(, follow— o

. ng materials:

L ot polnIed

R _plz_l.s_l_l,c_,.sl,[z,lw,.,___
" 1 tongfc depressor
S 4 rubber ban_ds' '

e l smgll baby-food jar ..
“Plastic tape .
Sc:sso:s or knife,

T R

e

“r

e

\ o . o : ACTIVITY 3-4. CuI one end ot Ihe sIraw aI an angle to make

.
;;.1-‘,

e ot
e

X

BN

ACTIVITY 3-5. GenIIy place a one-inch sIrIp of plashc Iape
: on Ihe uncuI end of the sIraw as shown.

SR L

py

ERRUNEY

ey

. P : - : e

> . . . <

ey

Voo ACTIVITY 3-6. Tape the uncuI end oI the §Iraw Io the cenIer
L - ~ ot the balloon as shown. Run your Iinger nail along the Iape
“on each side of the straw so that it is held tightly to the
balloon, both in the.center and at the edge of the jar. .

A
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ACTIVITY 3-7. Attach a tongue depressor to the second jar
as shown.

N
?

ACTIVITY 3-8. Place the two jars side by side op a level
support (such as a large book) so that the poln!eé straw s
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
the starting position.

Tonguo
dopressor

" Rubber
/ bands

3

With the tongue depressor's scale in place, your atmags-

-pheric pressure measurer’is complete. Let’s see how it works,
Figure 3-8 should help you sce this.

- When the air pressurc is equal inside and outside the jar,
the pointer regrains at zero (Figure 3-8a). When there is an
increase in aif pressure outside the jar, the cover is forced
“down. This moves the pointer up (Figure 3-8b). ‘

Y

More air particles,
increased pressure

" Pointer
moves up.

Figure 3-8

DR SRl s e
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[[13-11. How will the pointer move if the air pressure outside
the jar is less than that inside the jar? '

* f

. [)3-12. Give an operational detinition of atmospheric pres-

surc.

If you understand how your instrument works, §ou should

expect the pointer to move dow:} from zero on the scale if

the air pressure decreasces. The péinter should move up from
~zero if the air pressure increases.

The measuring devi 07:'3;6'(1"\76 made s called a-barometer.-

o

It can be used tosmeaswe atmospheric pressure (air press

sure.) However, its usc is somewhat himited.

N

ACTIVIfY 3-9. Zero the pointer. Then hold your hands on the
sides ofsthe jar for several minutes without moving it. Note

\

what happens to the pointer’s position.

a

1 ) .

]3-13. Did the pointer mo}c‘?_'l(‘ 50, in'wliich‘dirccti(—)n?'

' [13-14. Did putting your hands on the jar have the same

effect on the pointer as a change in air pressure?

(13-15. ,JWlmt kixﬁ ofair\prcssug change would p'rdd.u.cc the -

~ same result as your hands did?'(An increase, 0
.in ptessure?) - S

co S o
: 5 : . I B S
. X . : s Tv
T ;‘1 LT e ~ ey . //'“ 3 S ! . . §
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l’nlm‘lg your handy on the balloon jar didn’t chanpe the
pressure of the atmosphere. But e dird chanpge the pressute
of the arr mmsaide the Jar. How can this be? Well, you hnow
that your hands are warm. H they warmed the _]\n. the an
instde would become warmer, oo, Then, accordimeg, to the
Volume I particle model, the arr particles would move faster.
This increased motion would cause the partcles to hit the
cover and walls harder. The flexable rubber on top of the
jar would then bulge out and the pomter would move down

(Figure 3-9).

Your barometer reacts to temperature changes as well as
to pressure changes.
((J3-16. What effect do you predict deereasing the tempera-
ture inside the jar would have on the movement of the
pomnter from a zeroed position?
o =

PROBLEM BREAK 3-2

Find out how decreasing the temperature of the air in the
Jar affects the pointer position of the measurer. Activity 3-10
suggests one way to go about this.

ACTIVITY 3-10. Set the rubber-covered jar in a pan of water
at room temperature. Use a thermometer to measure the tem-
Qrature 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.

7“ u

u fR ﬂ“t:‘

-\&.)‘x. ”%" i

Figure 3-9

Pan of water at

/

room temperature
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Flgure 3-1

\‘ I

- Q

location.
You &m iise your barometer to collect weather-watch data. .

“n

tionship: o .

1

[J3-17. How is the pointer position affected when the tem-
perature of the jar’s air is decreased? “

The accuracy of your atmospherie pressure measurer de-
pends on the temperature of its surroundings. This of coursc
limits its usefulness. It cannot be used cﬂ"cclivc% to comparce
air pressure at places where temperatures are ¢ ifferent.

However, it can be uscd to measure pressure changes if
positioned where the air temperature remains about the
same. Of course, the measurer must be zeroed while at that

Howev®: it-must first have a calibrated scale. This scale can
be made by using a standard barometer. There is once in your

classroom. It probably-looks like the barometer shown in

Figure 3-10.

"The scale on your room barometer is. probably marked

~in units of length—ltke 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 pressure

exerted by liquids. They have found the following rela-

N

. v

4

LU

e
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‘can be found in Excursion 3-2. Have a look if you're inter-
_ested, It will help. you undershmd how your classroom ba-

3; z:m pratad nf BT TR TEYT seE erad oun st e Tl

o e eanifyTs aome STMTEE TS Thr AUTDr vt ow orey SL3

coolemn of water (with the same Srametst as the wy ool 2N

and as (b) a 299-inch column of the hquid mereury (also

with the same diameter). :
Figure 3- !l_llll)bllal(,b trrrs finding. .
" Figure 3-11
[ ]
[
Limit of the :
atmOSphoro : r
- \, g e e e AP —- - S — __ ———
34 feet
29.9 inches
/Mercury

-
N

Thm relduonshrp means that air pressiire can be compared

- with the pressure -exerted by a’column of liquid such as

mercury or water. Normal air pressure at sea level 1s equal

‘to the prossure erted by 29.9 inches ot mercmy

- [J3-18. Use lhc room barometer to detcrmme the air pres-

~

sure where you are.

'['_']3 19. Would you expect lhe barometcr Teadmg on a

mountain top to be different from lhdt atsea level” Explain

' your answer.. - co ) )

A blt more information on hqurd columns and air pressure.

&

he "-.rometerworks too_ LT T
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" get the atmospheric pressure in inches.

ol - 0

As you continuc kecping your weather watch, use the roon
barometer. To get pressure measures, also do Prablem Break
3-3 to get a scale for your own jar barometer.

’

s

PROBLEM BREAK 3-3
Ask your teacher where you should set up your jar barom-

eter.
Then zero it in that location. Usc the room barometer (o

~

N _ J\ IO _~._ —— ,.,,_;..._

ACTlVI_TY-' 3-11. Alongside the zero mark, write the pressure

you got from the room barometer.
\ i . N

o P U O R T S VR S W PR T e
N B Uk N TR AR

A
AR GAMBEABLIAS D AED Y SN BOAE D Lo e ien)IE O RO s

~ Each day, you can add ncw marks and numbers to-the
scalc; that is, if the atmospheric pressure really does change

in your room! _ : :

'SUMMING UP
This_chapter has taken you beyond the facts that warmer
- air rises and cooler air Talls. You have learned the following: = -.
L As air riscs from thc_ean"th’s’Stnrface, the air gets cooler. "
-2 Air has weight and exerts pressurc. o
3. The number of air particles decreases with increasing
altitude. ' ‘ ' -

SO, SR A ~;.ggsiﬁr‘%
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S AS ane nises, the pressure ot from the an above de-
CrCasos.

Aur pressure can and doces vary on the carth’s surface.

These facts will be very mmportant o your further study
of an and weather. ,
\

N

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

3
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_ We've all seen water falling from the sky. And almost every
o . time this happens, there are clouds up there. Mostolks also

~'surface. Sunlight on lakes, ponds, rivers, and oceans changes
-, liquid water to water.vapor. Trees and other plants release
- some of the moisture in their leaves to the -air, too.. -

LA

. ;. Perhaps you know the answers, or think ydqu do. Whether
-1*you do or'not, you should test your ideas with the activities
s I this cha‘pter"yand the next. . o .
"“First, you need to investigate the effect of temperature on
the amount of water vapor in air. You and a partner will
need the following equipment: . - o

thermometer e . o e
luminum can (or clear plastic cup) & “~ .- . i

.

.. 1t's no secret to most people that clouds arc made of water. .

‘know that the water in clouds evaporated from the ecarth’s

-, »‘But what most people don’t know is why the clouds form,
.-and why they usually form so far above the\earth’s surface.

1 sthall baby-food jar of crushed'ice . - i
i1 large baby-food jar half full of water at room fempera-
ture" i o ‘..'- ) I T \“(ﬁ‘df.?' 5 o .. . (. . ) .

?
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‘the container after you added the icé an

' allow 1t to relum to ‘Toom tempexatune

- perature, fill tt = full ot water at room temperature Place the

ACTIVITY 4-1. Add ice and water to the can untll It is £ full,
Observe what happens on the outside of the conta_tn_er.

‘Baby-food )
- . jar ) . . S

()4-1. "What did you.obscrve happunn

d}n the 0utsndc of
water?

[[14-2. Explain your observation in question 4-1.

[]4-3. Have you seen this sort of thing happen in other
si}uzﬂions?_lf 50, describe them,

You should have found that a film of watgr formed on ' _
the.outside of the can. -

i

'(:]4-4. Where did the- water droplets that fogqed on the

ou-tsidepf the. container come from?

¢ -

’lhe ice water, loweled the temperature of the container.

v o

,-.Thls caused a (1lm ot water to form on- its outside. But lb

‘there alcertain temperature at which the moisture first np*»

"pedrs’ Try to firid out by using the cqmpment you already
‘have. ‘Before you begm ‘empty the container. Dry it, and

v

ACTIVITY 4- 2 When the container has returned to room tem-

thermometer in the water. Record the thermometer reading
~in Table.4-1 in yo_ur. Record qukT

, o . - o
[ . .
[ .- L Lo e ) L

[']4 5 Does morsturc appcm on the oulsndc of the contdmu
when it 13 dt room, tcrnpuatllle? - ‘
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ACTIVITY 4-3. Add crushed ice to the water in the can, a little
at a time. After aach addition, stir tie water with the therm&m-
. eter. At the moment the water-{itm first appears on the con-
~ * tainer, read the temperature. . s

~

Add crushed
Ice slowly.

5 " " Note: Do not breathe on the can while you are observing the

- thermometer.

* Keep adding small amounts of ice until the moisture forms. .
l?_e‘cbrd that temperature in Table 4-1 for Trig) 1. ' '

s . .
- -~

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 1t 1o your teacher or glve it to othel students who
.need it [ S : : .

4

L - . N . ’ .
Table 4-1 L oA
._‘;%%\ae«su B I R T I PE SR R LU P YAl O TR L ARe v R - ' ’ ' o o
3 »'b/,;‘:\? 2‘$~:_.: e ,]5 = n: B’ ,-.\‘ N -' N s E ':~ . . ; . 7
Y ARt ,ﬁ,%}l\gom ‘Tem -_rjfrTcmpcraturc thn F:lm ' '
% ol ot Mo:sture Forms (°C) r}.. b
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below freezing. What would you expect to ‘happen to the

on the cold surface of the cup.

'

[714-6. What was the average temperature al which the film -_,'_,.i--"'

ol water formed? e
-

By now perhaps you’VC figured out that the water 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 célleclccl on the surface “of the cold
container. This changing of the gascous water togliquid water Lo
is called condensation. Tiny water droplets form when the
air temperature is lowered to some very definite point (called %% e !
the dew point). At that lempcralurg the aii can no longer
hold all its moisture. The invisible wz\ucr vapor from the air
thep® becomes visible as tiny droplets form. The droplets
formed on the containcr because it was much colder than
its' surroundings. The air near it was coldgr than the rest of i
tl}’c air in the room. '

&]4-7. Supposc the temperature of the container had been

water in the gascous form, warm air or cold air?
’ ~ . : ) ’ . ’
- You can check your apswer to this last question by putting A
a smail dry can in the freezing compartment of your home ))

-

refrigerator. . ) : . -,

[14-8. Accordingto your investigation, which will hold more

water in the gaseous form, warm air or cold air? R
Obviously, clouds aren’t invisible. You can s¢e them. This R

mcans to make a cloud, yo#-must make inyisible water visible.’ fﬂ\'/\

You have just seen onc way to make the invisible visible—

lower the temperature of the air. You saw walter droplets form

-
[P SRN B
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Betore you mvestigate another way to mahe watcr vapor vis
ible, vou should feam a bit more about water vapor.

You have learned that there s a hmat to the amount of
water vapor that air can hold, This hout depends npon the
temperature of the Warm au can hold more water vapor
than cold air can hold. You saw what happens when warm
moist air is cooled. Ata certamn tempetature (the dew pomnt).
the cooling ar continns all the moisture 1t is able to hold
at that temperature. I cooled below the dew pomnt, some
vapgr must condense as water droplets.

l‘vlzclcm()logisls (weather forecasters) measure the amount ot
water vapor present in i, Mhey call this measure the relaive
hupndiry. The measure s ncluzﬂly_ a compartson. Ttcompares
the amount of water vapor m awr at some temperature with
the greatest amount that vould be in the mir at that same
temperature. .

Relative humidity is defined by this formula N

Relative humidity
Amount ol wn(cr vapor I mr at cartun emp.

Greatest amount of water vapor possible in aiv at that temp.
X 100%,

Suppose the relative humidity of atr 1s 75%. This means

that the air contains 75% of the water vapor thatat is possible
for 1t to contain at that tempcrature. o

For example, suppose 1,000 milliliters of air at 20° C could
contain 20 milligrams of water vapor. The relative humidity
is 75% if the air actually contains 75% of 20 milligrams (that
is, 15 milligrams) of water in cach 1,000 milhliters.

The figures in that example are given below to show how
the formula 1s uscd:

Relative humidity
15 milligrams

’

= 100% = .75 100% = 759
20 milligtams X 0 X ‘ 7o ’,

[]4-9. What does it mean to say “the relative hurhidity, is

50%7

[]4-10. Supposc 1,000 ‘ml of air contains 10 mg of waicr
vapor. At this temperafure, the same volume of air could

-contain 50 mg of water. What is the relatve humidity of ithe

air?.

——n
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' ' o © ' wet wick with water

BOY/ THE HUMIDITY
MUST BE 99%

"ACTIVITY 4-4. Wet the wick _with room-temperature water.
. Swing the psychrometer around for 15 seconds. Be careful
-not to hit anythmg Note the temperatures of the dry bulb .

. at room temperature.

WOW/ THE
LHUMIDITY 15 |
o — QAT LEAST 10% -

Humidity © X
In view of the importance of the water vapor content of
the air (humia’i{y) it would be well to include measurements
of this quantity in your weatheg-watch chart. To de this, you
must learn how to get the data you will need.
You will use a sling psychlomctc Acuvnty 4 4 shows what
it 1s and lclls you how 1t is uscd

S

and the wet bulb. Whirl it for another 15 seconds. Note the
temperatures again. When the wet- bulb temperature reaches .
its lowest value, record both the wet- and dry-bulb tempera-
tures.;. . '

gt
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(LJ4-11. Record the two ‘temperatures {from Activity 444:
wet-bulb and dry-bulb.

5 9 o [Ja-12, Whatis!hc__diﬁ'crcnceindcgrccsbchccnthcwct-bulh
R ¢ and dry-bulb? " : S

.o o determine the relative humidity, you will nced to use

Y Table 4-2. First, find the dry-bulb temperature you meas- “
: ) : urcd.h s in the first column of the table.) That locates the L
‘-L - Tow \y_h;e-you_ wHl find the relalivcwhumidity:-----——---—-'----- T - T .
s} - Move your finger across {0 the right, until you come to
3| the column that has the value you found (difference between
. i ~ wet- and dry-bulb temperatures). The figure in the box is
_— . - the relative humidity (expressed in percent). (Sec Figure 4-1
' I for a sample of this procedure,)

kS . 40 1 40 : |
T : LAY e . |
. - N ) . 30—« d : 301 . . {
-~ . -~ ! “ 1 s Y]
o
De1 i N
ot KTk ’ N
¥ - Figure 4-1 _ N
. . . -
3 7 ‘Wet bulb Drybulb - - : -
. . 28° © : 32° G - . o
o PR S Ty e Diﬁeu:gnce:;4?0 ' g
’Q . 'I .. .- | "E‘ . .. - 0 ‘ . ,; .
e L e . . - . . . ‘ . -
. | Difference between Wet- and Dry:Bylb Temp. ¢ PR
s i R (°C) T :
l';: R R o R -
2° ]33 J4a 15 e |72 ] g
v :‘. - 1 B B . -‘R', . ’ Lo e
86 |79 | 7B | &7 |61 |55 |'so Ctem D T :
86 |80 1 7B |67 61 |56 |5 [T - - b
— ,1;__!;30 I - .5__ — -Relative h‘umidity = 74% RS . .
186~180K79 68 | 62 57 | 51 T - S
63 | 58 |53+ ' o '
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(How do you detect and measure i?)

[LJ4-14. What is wday’s relative humidity?

Back to the dew point

Dew point was defined carlier as the temperature at which
air could no tonger hold its moisture. At that temperature,
water vapor from the air collects on a_surface as a hiquid

it e e S s s o . v s e

- e e coprairrm

st srmens s In e = e vy oo e

{(dew) or solid (frost). Remember that warm air can hold
more moisture than cold air_can, Dew point can be deter-
mined from a chart similar to the onc you used for relative
humidity (sce Table 4-3), .

Refer to the relative-humidity chart (Table 4-2) and the
dew-point chart (Table 4-3) as you answer questions 4-15 and
4-16. :

I‘.

[J4-15. What would the relative humidity be when the wet-
and dry-bulb témperatures are the same? .

[J4-16. What would the dew-pormnt lcnipcralurc be when the

wet- and dry-bulb temperatures are the same?
N - B ) X

(14-17. Give an operational definition of dew point.

You may wonder why you have to swing the psychr)omctcr
to measure humidity and dew point. If so, you should trn
to Excursion 4-1, “The Shivering Thermometer.” = -

Up until now, you have not been able to fill in the dew-
point or the relative-humidity readings in your weather-
watch-chart. From now on; record daily readings of 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 causc. the
water vapor it contains to condensc. However, you-haven’t

wreally seen any clouds form during your activitics. The only

condensing you have secn has taken place on a solid surface,
.This suggests that water vapor must have some kind of

f soJid sutface on which to form liquid droplets. How then

._can“clouds fprm? Are there such surfaces high in the air?

[J4-13. Write an operational defimition of relative humidity.

“
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“=Table 4-3

-

-y

. *:“’\

s
N

A

~ Dry-

@ulb

(°C)

-

Dew-Pomt Temperature (°C)

“Temp,

Difference Between Wet- angd Dry-Balb Temp. (°C)

lu

AN

16"

18°

-20

—~23

=31

NI

— 18

- 23

-~ 12

14

T
T

—11

-13

~8

- 10

-2

-7

—6

- 10

=51

—17

-6

-4

4

-3

|
9

|
s

|
N}

|

<

-5

—19

—13

24

— 1

=21

—17
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Almost all air contains some solid 'p:u'(iq;lcs. Dust, salt
crystals, and smoke particles are commonly’ found in 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 the carth’s surface,

- .
"‘\ ‘*T
. e
Figure 4-2 ’
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N [74-18. If more solid particles are found ncar the surface
;;" : of the carth, why do most clouds form at higher altitudes?
%-7 v You've seen that decercasing temperature can produce con-
;,' ' ' densation of invisible water vapdr. |
Jid " X ° ! .
K » - : : : . . .
*{ | 7 a9 Suppose the air being cooled also contained fine
x = ! T sohd partcles such at‘ thosc in smoke. What do you predict .
B : : would happen? )
~\;l £ - - '
i . : - . . o .
: T e ~-—Check your predictionby doing the following experiment. -——-—---- -
i You will need these materials: '
v 2 large b’a'by-fapd jars (labeled P and ©27)
1 plastic sandwich bag -
o 2 ice cubes - ) .
" ~ Hot and cold water
_ . ' L y
r _ ‘ACTIVITY 4-5. Put about 50'_1\1““01_ cold water into Jar 1. Then
) ' ~ place a plastic bag containing two ice .cubes on top of the
: o . Jar. Observe for about one minute. (Hold the ends of the bag
with your hands.) ' .
, L
Baby-food \
. 3 . B
% \ B Laalate
& o . Plastic bag
E.nt 2 . with ice cubas
e !
%, © _ACTIVITY 4-6. Repeat Act_iviiy 4-5, using hot water in Jar. 2. o
v i ) N _ ] . : . . ) B -‘)"»’]__\ . N )
. - l ) '
"
b O R
il
< (LT \,
i |
) .
ol | |
H '
ol 50.m!
> — hat water
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‘\: iy ‘,* ,h“ \

‘ 44"‘ ﬁtl#lﬁ i

\ ACTIVITY 4-7. Remove the bag from' Jar 2. Light a match. Let
el it burn for two or three seconds. Drop the match into the jar.
‘-;r‘.-:::' L = .
e
W R
) .':"_‘.' . \
o F .
1 ’-[ \ “
b ~ACTIVITY 4-8. Now place the bag of ice cubes on top of the
4o lar again. Observe for one minute. ' ;
1 Summarize your résults in Table 4-4 in your Record Book.
) Table 4-4 . . - _ '

g R o o
::". ‘.J'_" : R -»—4‘/‘
B " Observations ,'
ﬁb:‘lJml ‘with, | S co =
¥ ,’ co!d water’ e b S
e . " A
Y ho( watcx R N eI .
N ll -
T :
‘---‘-L;:lf- N ',x-'u IR ,' I v:;e.- . -..AA EUREEE CU BN VLo T ) ) .
[14-20. Did_the presence of smoke particles have’an eflect =~ .~ . ‘ * )
on’ the amount of mist thal iouned in the jar? e S
SRR The expenment you did showed you onc way to form a \
- cloud. All ybu have to do is cool wet air that contains solid”
. particles. You know that the almosphele conlcum both water
vapor and sohd parlzc]es . :
.da- 21. Whal happcns lo the’ temperauu ¢ of air as lhe an _ ) L
;nses to hxgher altitudes? S : : . : _ - o

-
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As warm air rises over a warm area, it gradually cools. If
this cooling effect eontmuej the temperature of the air will : . \
rcach the dew point, Water vapor can then condense to form
_clouds if enough solid particles are present.
lempelalule decrease with increasing altitude is clmme—
teristic of air as it rises.

Y

' [J5-1. What other change occurs in alr as it rises?

RS

Whal eftects, 1if any, does lhe pressure have on cloud for-
matnon" To find out, you will need to construct your own’
pre%sure chamber. You and a p<u tnel will need the f()llowm0

1 250-ml Erlenmeyer ﬁask
‘1 1-hole #6 rubber slopper .
‘1 short plece of rigid plastic: tube (5-6 cm) L .
1 short piece of lubber tubmg (3 -4 cm) P e
1 large air piston o

R TRT L APy H R SRS 110, TR [ e n e NPT tebaes R b e

N L




i ACTIVITY 5-1, Prepare the rubber stopper and air piston as
shown. '
?“7 ' -~ 1
}
‘n
v
i:,-"
% Plastic )
{ tube
)‘; o L ~“—’--* D piL S ——
‘.!
A ;
N , ¢
) * Rubber
. ; tubing .
_ ACTIVITY 5-2. Complete the assembly as shown. The plastic
: - tube must fit snugly into the rubber tubing. If necessary, add
’ . ~ afew ‘wraps of tape to increase the diameter of the plastic
tube : . Co
‘ _ & , .
o
. Use extra tape i
n . to insure snug fit.
!:15|~2'. Does the air in the flask contain water vapor? . -
- [15-3. What is today’s hun'l_idity? ' L ' ]
, . o . Thml\ of yom ﬂask of air as llnc riging ‘cube dlscusscd in
S S Chapter 3. As it ascends, the pressurc on the air decreases.
: D : To see what eflect thm has, you can use thc air plstOll and !
’ "GHAPTER 5 -: . . stopper. _. - |
L




ACTIVITY 5-3. Push the plunger of the air piston all the way

in. Then Insert the stopper tightly into the flask. Support the _,/'

T e

R

flask so that it doesn’t tip over. J—
2 :

v

¢ flask, you need only to
do this by pulling out the

To reduce the pressure within
remove some of the air. You cai

air piston plunger. i

[

~ ACTIVITY 5-4. Place the flask on a dark background such as
7 .a sheet of black constryction paper. While your partner holds
the flask securely on the table, quick/y lift the plungerto reduce
the pressure. Try not to pull it all the way out of the cylinder.
Observe the flask carefully as you decrease the pressure.-

'[],5__-4.. Describe any changes_you Qb$el'ved within the flask

.as the pressure was reduced.

. _..your

1

observati

'
&3

-

You may wzgit"to repeat Activity 5-4 a few times 0 check .~
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Al ) Figure 5-1°

B flask.

ACTIVITY 5-5. Add a very small amount of smoke to the air

in the flask. You can do this by just blowing some of the

smoke intd the flask. The smoke should not bg visible in the
R ¥ :

Repeat Activity 5-4 with the contamnited air.
[15-5. Describe any changes within the Hask as the pressure

is reduced.

{15-6. What happens when vouincrease the pressure apam

N N e e Y .
by pushing the plunger back in? .

715-7; What cfleet would decreising, air pressure be hikely
to have on cloud formation above the c;n'lh“’e‘ surface?

h




———————g¢hanged and when pressure

The clouds you obscrved in the baby-food ;‘u?nd i the
flask pmba'h[y were wery faint. They may have [opked only
like a mist or fog. But then that is ex: actdy what a cloud is.
If youve ever been, in one, you know it (o be a misty cxperi-
“ence

PROBLEM BREAK 511

You’ve scen faint mists Iolm both wh(,n tcmperature s
fisTchanged. "How would cloud ~
toxmalmn be.afletied if both these factors were chnnocd/
together? Would the cloud mist be thicker? Join forces wnlh
(mo(hc; tcam 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 ,\x//b/nl you have-been
doing in this unit up to (ln.s p()lnl.._YOt have been pumno
logclhel many obscrvations ‘of how air bchaves. :
So far youw've luamed _these-things:

Q

Rt}

. The almosphc:c is heated dzﬂcu,nlly dcpcndmo on the

nature of the surface of the carth. Gcnemlly dry land-
masses produce more heating of the air than do smfa(c
walen (rléulc 5- 2/f

\( ' e »

2 Wy

U

Cool’ér'air > .
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'Are the Clouds?””

“'matter are composed of tiny invisible particles. T his model &, -
.. ‘can, be used to explain why watm air rises. And,it caprexplain \,"%\ -

‘why:air pressure decreases with 1 mcreasmg altitude: But can <"

you use what y(‘iﬂ know to explam (

“ Florida? See if you can. « "

Warm air nses, or to say it another way, cold air seulcs
toward the earth’s surface. .

3% As air nises from the earth’s surface, the air’s tempera- -
ture decreases and so dges the pressure on it.

P

tpmperatu'ro decreases prospuro docroam

4 Decreasmg ither pressure or temperature or both
causes invisible water vapor to condense into liquid. ~
. droplets ar()und tmy solid Pamcles of dust, smoke, and
+ salt. Thése water droplets accumulate and become visi-

ble as mists and clouds - S ' .

How high in the atmosphere does all thls happen” If ou . °
are interested in finding out, see Excunlon 51, “How gh "

~ As you know, screntrsts arent satrsﬁed with observatlons'
alone. They want to explain their observations and how they .

‘relate to each other. Thus, they: invent ideas to account for

what they see. These invented ideas are called mental models.

~ You have beén using a common mental model to explain |
" .some of your observations of the behavior of air. The model" S oo

youw've used is the particle ‘model for matter. . _. LR
"The partrcle model assumes that air and water and all G

days,,weather in

Examine carefully the cloud p;mems ach of ‘the satel- e

" lite photographs of the state of Florida (Figures 5-4 and 5-5). -

Compare the cloud patterns you see with the map of Flonda L

that is’ provrded wrth each ﬁgure

o




oy £ AT AT IR Ml SR

Tomae NP Ry o i

PR { iy s pog xy 10 abdtan-: o
¥ ) &

e,
O

. ERYL I I
C oy -"'.f o ¢
Sou s,

.4_ -~ N N . , . —O -
' ATLANTIC OCEAN
. '. l. \ s
e ]

e

,‘Q »

it SoaA ey o, ’-,_,M.=*~u‘~h—r—-‘-(1 iTe e 3t e N
A LIRS T .




L4




-

R T o R Brsttammmentstie §

3.
-

g

’..5 T

,
i & iniras it o _

!

s e tee——{6-9.-Where-would you-expect -air-to -be -warmer Gn the — s s
daytime, over land or over water? (Hint: Recall your investi-

(J8-8. Would you have predicted that most of the clouds
-t - shown in Figures 5-4 and 5-5 would be over the land instead
t - of the water? Why?. ,

\ . i ' '
Question 5-8 sn’t casy. But perhaps you are closer to a
rcasonable answer llmn you think. Try the next two ques-
tions. - : _ .
d . - . e,

g

gation in Chapter 1, beginning with Activity 1-8.)

- 7
[J5-10. Where would you expect the greater uplift of air o
occur in the daytime, over land or over water?
For clouds to form, air containing water vapor must be
: ‘ uplificd. It is reasonable to assume !hat the air over water _ .

_ contains, more watcr vapor than the air over dly land con-
e tains (Figure 5-6). - v

» ) ' ]
) Figure 5-6 '
o |
. : . : ’
- . - ’ o ]
b - .
b Evaporation R
= . _ Evaporation £ - 7
R )
f},_‘;- !
K - -
K f?' . ) - ’,\, 3 - :.
i i3 - - H - ) .
N j 1 ) ‘
S -
&y - But the air over dry land is being warmed faster and
¥ . therefore rises. According to what you have lcarned about - _ . .
" air, you should expect clouds to form over land if the tand = T
- HERSSC air contains enough water VclpOl And according to Figures
Shhe 5.4 and 5-5, it does contain enough water vapor. Almost all -
| M f‘f’;';i the clouds are over land. Another investigation may.help you s S _
I e v ex lam how the land air ets somé of 1ts monsture S : CHAPTER 5 = 59
3 piaih ¢ & 5 . _
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You will need the following: "

I observation box (from Chaprer 1)
I short candle (4-5 cm)
Heavy cotton string, 12-cm length

Ve

T
i E
! . .
X B I plastic straw i
M Sharp knife or scissors
: '-_;“l i
_ ACTIVITY 5-6. Cut a small hole (about 4 cm in diameter) in
! - the top of the observation box as shown. '
B S N i 7
| -
z * :
1 -—= Cut out t
! y / !
| | /
2t : —— | .
| < // !
. ¢
3 _ ‘

2| I . 0 . .
§ !:, .. X . I

1 B :- [ ; .
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31 i |
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fi "ACTIVITY 5-7. Light the candle and place it directly under b
l’ﬁ : st the hole in the box. The tip of the flame should be at least £
i . — 10 cm below the hole. | 3
3 ¢
i . v . .
\ B
- W
. &
: F N | i
;i | B
i
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lighter, so to s

pect when warm (md cool areas are sidc by side.

v

ACTIVITY 5-8. Double the string and Insert it in the plastic
straw as shown: Light the string. It should glow but not be
flaming. Insert the straw Into the box. Observe the behavior
of the smoke in the box.

[J5-11. Describe what happens to the smoke from the string,
as the hot air above the candle riscs.

“Think of the candle as lL,pl(,bLnlll]P ‘the hot land in the
daytime. The land (candle) is heating the dir above it. Let
the smoke from the string represent the invisible moist ajr
over a cooler arca’nearby. (This might be a body of water,
such as a large lake or an occan.)

[)5-12. Describe how you think cool motst air will behave
as it comes m contact with an arca where warm air is usmg

Up until thls last activity, you have concentrated only on
‘air moving up and down. In this activity, you saw that hori-
zontal (slciu\'ays) movement also occurs. This horizontal
movement ts called wind. It is a very important feature in
all weather. - '

The particle model on matter can be used to explain the
'sndew‘\ys movement of air that you observed. Recall two

things this modecl says:

I. When air is heated, its particles spread out.
2. A volume of warm air has ILSS mass than the same
volume o( cool Jaur.

~ These two 1dc¢1s explain why the air moved as it chd in
the observation box. As the temperature of the air above the-

‘candle increased, its particles spread out. Thus, it became
k, than th& cool air in the box. The cool
air, now the heawcn air, pushed the Ilghtu air up and look
its place e ’ ‘
- [15-13. What would happcn to the cool air aflcl it 1eplaccd
© the warm air? . . _ \

i-

3

Figure 5- 7 ilustrates the air- ﬂow patterns you should ex-
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Suppose the cool area is adding moisture to the air, as
in Figure 5-7. If so, the moisture will be lifted as the air

moves over the land.

[15-14. Will the increased moisture content improve chanccs

for cloud formatlon?

PROBLEM BREAK 5-2

If you live near the ocean-Br a very large lakc you may
have noticed some peculiar things about wind. Wind direc-
tion often seems to be related to the time of day. During

-warm, daylight hours, the wind blows from one direction.

Then, during cool, night hours it blows from the opposntc

direction.

In Figure 5-8 of your Rccord Book mdlcate }hc wmd
direction you predict for the two times of day shown. -

Figure 8-0

D

B




B A I R N
!

[(18-18. Use what you know about air to explain your deci- i
ston about wind direction.

.The fact that air moves horizontally is no surprise to you.
You feel that motion frequently. You also see it in the motion
of other objects.- Even those things you’ve been trying to —
account for—the clouds—are affected by wind. Moving air :
carries them across the sky

If you are interested in how fast clonds move, see Excur- ' '“5 Ki) l‘; RN |
— |~ —slon %2, “Building a Nephoscope.” - PR _

Light and heat are the energy sources for all weather on

the earth. You've seen how they drive air up, down, and /
sideways. You know that without heat little water vapor
could be added to air, and without moisture there would be
no clouds. o

In the next chapters you will investigate other effects of
air movement. And, as a result, you’ll learn more -about
predicting and explaining weather changes. You may even
find an explanation for rain.

Before going on, do _Solt-Evaluatlonﬁ 5 in your Record Book.
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An unmanned weather satellite orbiting far above the carth
took the photograph shown in Figure 6-1. The picture shows
the pattern of clouds over about half the earth’s surface. It
was taken on May 8, 1967. . . "~ Figure 6-1
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Figurc 6-2 will hclp you idcnlif‘y where the CQlds n
Figure 6-1 arc tocated. ' :
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As you looked at Figures 6-1 and 6-2, you may have re-
. alized that explaining such a widespread cloud cover is very
complicated.: Several features (like the cloud spiral over the
- northern Pacific Ocean) can’t be cxplained with the simple
heated-air model yowvk “been -thinking about. -Obviously,
clouds don’t just form over land arcas either. You can see :
that much of the Pacific Ocean is Shown covered by clouds. .
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Factors other than air-temperature  differences above - e

different earth surfaces must be involved in forming clouds.

> N - 2 .
Something else must be pushing the air upward at those

places where heavy clouds arce forming over water. What is

this force?

Take a closer look at the spiral arca of cloud formation’
~in the upperHeft-hand part-of Figure™6- 17 Figure 673 shows”

an enlarged drawing "of this feature. Examine the general

shape of the cloud pattern. Notice particilarly the two “le
that project from the central core of the pattern.

v wind direction.

-~ In Figure 6-4,-symbols’and numbers have been added to
" the diagram of the cloud spiral. Each symbol cluster contains-:
& .~ values for temperature, barometric pressure, wind speed, and

B2
LY

g

i

3

: Figute 6-3
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The code symbols in Figure 6-4 are used to squeeze the
maximum amount of information into the minimum amount -
“of space. )/ . S
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Figure 6-5 shows the meaning of these symbols.
& & G S

R
wind spoed *
mph Symbol
Lass than ) Prafanb N e
AR S /D e IR
1 y ; \
‘\ | Wind speed (8-12 mph)
D \ /l
; \ 7/
1103 e AL g
- .
- . N Wind dirgetion (is down tho
_/Q N stcm towaird the circle )
4107 —
) O . : Y > ') 5o
8to12 | <o/

Tunpomtuw (°C)

L 131018 | oA -

X
19 to 24 ::33/_}‘)
25 10 31 \\\\q}) '

¢

Notice that the border of Figure 6-4 is labeled like the
border of a city map. This makes it possible to locate arcas
on the drawing casily. For cxample, the location of the sym-
bol at thp very. !Op of the figure might be described -as M7,

-1 Usmé, the border sym bols and a sumghtcdgc describe

the followmg locatlons by leuc: and number.

Highest bcllO mtl Ic pressure ‘ . Co
nghest wind \'elouly _ '
Lowest barometric pressure -
Highest temperattire
Lowest temperature - - | .

: fxammc the clusters of measmcnnnls in Figure 6-4 care--

“fully. le to find a relationship between the numbers in these
‘and the pattern of cloud formation.” Look particularly for

large differences in temperature and pressure within a small

- area and the efTect of thcsc dxﬂ”ucnces in terms of cloud
formdtlon o . oL [ ‘

nrommnc pmwuro

r

Figure 6-5 .
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GHAPTER 6..":

14 ’ B . -
[76-2. l")c_.s‘cribc‘zm_y 11‘!:1lionxhi:px you think you find be-
giveen the pattern of cl()ud,lbrumlion shown in Fioure 6-4
and the imeasurements of temperature, pressure, wind speed,
and wind direction.
. . "’(' f; ) ‘\. -
Now lets find - ouyt it
qtionships betwgen the doud patterns and the symbols.
" [ " 3 ! -
- Rm\l your, finger alode, the “leg” of Clouds extendmg down

o from the central cord of -the spiral. Notice the tecmperature

oo e, - /. N N

<7+ radings dn the twogides of the leg,
At . oy

" DONTFORGET YOUR':
> WEATHER WATCH

<

L a , .
fﬁﬁ'—& ‘On which sk of the leg (chst or west) are the tem-
- . - - . / g . . 0 .
gc_rzmn'cs lowcr?‘(..()mpm'c any \difterences 111_[0\11;)cx'111111‘c
anoe the lower leewith those 1n bther parts of the d'rz\wing.
Qs 5,

Y N N

. ~ i . A . )
t %’ﬁgtm the temperature differenceson the two sides of
TR T ! - .

o b }Cg“ll\c onc extending to/ward lhc}casl (right) from

central core of the spiyg ] ‘ -

: o :. ) wg" .
16-4. On.whigh «id (north or south) of this.leg dre the
o : oot . )
lemperatures lower? ) . S

: ‘;, {‘:. - h . ‘,- . . . . - .
(C16-5. How dg g temperature differences on the two sides

of the legs Coni'{},’;xw with terfiperature dilferences found ¢fse-
- 2y Lol S . o
.~ -where in the: figurg? - 0 0 . ! : .
L . ',3; “r:_“ o ,:» N u .
. ) ﬁ'.n . . . - R . :
2 o A . ]
. . R, e

Phe' two legs of the C'Ollxd-b_‘n'll'é!l fig (orarcas in which cold

- .. .. .. wetdT N . -
QIS contackwith warmer air. In"ond case, the warm air 5,

dies to the cast of the ¢old z-(l-i"(':.ﬁin the ther, it lios o the -
Jsiz;lpp.-"rllcsc Jemperdture ,_ci,ﬁflel‘erlcp"’¢, ._imphr_m})j_.‘M’O.i__sl‘
air s apparentlylifted, in somg, way Lo form clouds ‘dlong
these two lines ofyratht’r sharp” temiperature ditference. _

N@)‘\\" examint® the, cenpral core of the eloud ﬂ)il";ﬂ‘ for a

1

N N Vo 3 » ; - . .
* -moment, The p'rcscnc% of heavy cloudy suggests that air is
~» bemng lifted in this area, oo, But the-temperature differentces

- at this point.are™nay so sharp as those along the legs of the

. oty \ . 4 < . ~ PR . .
spiral. Some other cloud-lormmg factor ymust be at work 1n

. T M ‘
. N * - - L a *
T . RN . ., .

P ~E]6-'"6.,m Besides teriperature differences, what other<factor.

. oproduees cloud formation? - S o
s . 23 Y . . - . B
- - - » 1 ° ) 4
‘\ 2 ;”- Al 12
) ~ . . e . * - ’ ‘ -
s ~ . :
. * w3 ".‘ \!
" \

you've' di.\'co\'k\cdv any importaat

. J-L_aq/)
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If youshave been Reeping your daily weather watch, you've : ®
_ learned by now that air pressure varies, Lisslighdy differente .
I S from day-to day even at.the same spot on the carth: In -
~ - Keeping track of pressure changes, weathtr scientists (metd- .
i . 4 : . . %
orologists) often, plot their pressure measyrements on spectal *
. . maps. Then they draw lines” through all equal barometer -
1 : . ' P " . . ‘ - ¢
- readings plotted on the map (Figure 6-6). _ L X o
. . o L2y . o *
- . Figure 6-6
% R
B R -
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CACTIVITY. 6-1. On Figure 6-4 in your Record Book, connect

all equal barometric readings with lightly penciled lines. The
lines should pass.directl’y through the station circles that have
the same barometric readings. These lines should be
sm'oothiy curved, and no line should cross another.

174

¥ Lines connecting arcas of cqual barometric pressure are
Lo - . . PR .
known as isobars. (Iso- 18 a commaon prefix meaning cqual.”’y

[16-7. Deseribe the pattcrh of barometric pressure revealed
by the isobars you drew on" Figure 6-4. ¢
& .

R 23

(]6-8. Is the, barometric pressure faicly high, or farrly low,
where'The core of the cloud spial has formed? (Label this
center on your l::i_gurc 6-4 as “High” or “Low.”). '

- Well, you probably agree now that the arcas ol greatest
cloud formation in Figare 6-4-lic along a line of sharp tem-
peraturce differences or over an atca of low barometric pres-
sure. This suggests that sharp differences in tem pc\;ﬁurc and
pressure are acting as cloud-forming agents. Therefdre, these
variables have an ixﬁportanl mfluence: upon the weather.
~ Clouds aren’t the only thing of interestan Frgute 6-4. Take
a look at the wind d_'ircction_s i_ng_!ic'z'\tcd there. Notice particu-

latly the rclatiinishfp between wind dir¢étion and the isobars.
N . . .. R . . H - .
v you drew on the figure. = -
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——dependagl-upon uncqual heating of -the-carth’s surtace. (11 -+

{116-9. Desenbe the pattern of wind duectuon in the arca of
low pressure on FFigure 0-4 (clockwise or counterclochwise?).

[116-10. What relationship, if any, do you notice between the
pattern of wind dircction and the spiral shape-of the cloud
mass? 7

LEarlier, you used a model for the cause of wind that

#eyou need o review this wdea, see the last part of Chapter
5.) According to that model, wind is stimply cooler air moving
into an area of greater heating,

— e S ' Counterclochwise

e,
. o -
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The situation in Figure 6-4 is more complicated than that.
The low-pressure arca obviously has a great citect on the
movement of air. The air seems to move around the arca
in a counterclockwise direction. This will become more im- '
‘portant in the next chapter. ' »
You can sce that many problems complicate the ‘task of SN
making predictions about weather. Sometimes more than
one weather-influencing agent is operating at the same time.
Thep it is hard to decide which of the assembled data s’
most important. o o | 3
At this poiri{, you may be ready to ¢consideT what you've .
inferred about the clfects of low-pressure arcas and lines of : .
temperature differences as part of your weather model. Be- CHAPTER 6 73
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fore you do, however, you should find out whether the ex-

ample in Figure 6-4 was an isolated situation. Do the rela-
tionships you observed hold true m other situations, 0o?
Figures 6-7 and 6-8 cach contam a satellite photb and a
set of weather data collected at the time the photo was taken.
Examine cach figure carefully. Try o find out whether the

as well.

relattonships you found m Frgure 6-4 hold for these arcas
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(16-11. Describe the flow of air near the low-pressure areas
in Figures 6-7 and 6-8 (clockwise or counterclockwise?), . P
(J6-12. Describe how the distnibution of clouds ‘in the two '

figures relates to the pressare and temperature data given.

[J68-13. Are your answers'.to questions 6-11 and 6-12 what ‘
you expected?

] " Figure 6.8 ‘, coe
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76 ' CHAPTER .6
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PROBLEM BREAK 6-1 u
Flgnrc 6-9 shows the Flornda penisula once mottc.
Weather data have been included on the map. Your.problem
1% to sketeh on the map the pattern of clouds you would

predict on the basis of the data shown. In making your:

pradicton, you may assume that lines of temperature difter-
and law-pressure arcas are cloud-forming agents. This

however, you may neglecet the fact that the difference

in temperature over land and watet can cause cloud forma- .

tion, tdp. (It is still part of our ‘eiather model, but we’ll put
it astde Yor the moment.) :

Comp.‘tc your sketeh now. Start by c[rmving mn isobars
of 29.50 and 29.70. The 29.60 isobar has alrcady been drawn
in. Note that there is only onc reading of ‘both 29.50 and
29.70. Therdfore, you will have o use your judgment and
drawing the pobars. Ydu should also draw a
cre you think there is | sharp ditference in
ade in the clouds as yolr last step.

dotted hine w
tom peratyre.
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¥ Thensce how your conclusions compare with those of other

students. Your teacher can offer you some advice if you arc K
having difticulty with this activity.

~In the next chapter, you will make the final test of your

model for weather. You can judge your model by sceing if ‘

it hdllps you make predictions about weather. Farst, though,
you feed to look at one other air-litting (cloud-forming)
factory - ‘ ' 1,

¢
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3
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"Because the earth’s surface js very irregular, air must often .. ' . s
_ R A y st o Figure 6-10 ) ;
flow up over mountains and down into valleys. As air 15 . ' ~
-+ pushed up the side ofr-a moffntain, it is cooled, and therc. S v )
is less pressure {rom the “atmosphere above. * L s
[16-14. What result would you expect as moist nii\ moves - , o o
up and over a mountain? .. e 4 CHARPTETR G 7T ’ .
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Figure 6-11

'PROBLEM BREAK 6-2

' CHAPTER 6 |

The upward flow of moist atr has great signtficance in
mountainous reptons. There myi 1y be ‘llmnd mt precipitation
on one side of a mountain but hittle on the other side. For
example, notice in Figure 6-11 that the vepetation is not the
same on the two sides of the mountain.

S Moist air
¢ >% .
B VY

Ocoan

[7]16-15. Explain wl{y there 1s more vegetation on ong side
of the mountain than on_the other in Figurg o-11.

" You have been introduced to several factors that can pro-
duce cloud formations. Landforms may producce air lifting.
Sharp changes in barometric pressure and abrupt tempera-
ture changes canproduce clouds. And, as you saw carler,

surface heating of land areas can produce cloud (oxmauonx

specmlly along-comstal regions.

v,

[

Here’s your change to use some of your xpuwnu to
&pake pxcchctlons In solving this ploblun consider lww’tys
that air is foreed upw"ucl

(A) by the differential heating of the carth’s surface and
(b) by mounlmm

'

‘An aerial view of 'Bé)’ lxldnd 1s shown bLlOW Thuc are
~ three communitids on the island. The direction_of the plc-
vallmg (uxual) wnm@shown by the arrow.
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Before going on, do Self—_Evaluatlon 6 in your Record Book.
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In the space provided in your Record Book, discuss the
weather you predict for each of the three communities, An-

. swer such questions as the following: Which community has

the cloudiest, and which has the clearest, weather? Which
community gets the most, and which gets the least, rainfall?
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g-. air has important

" 1o do this. Suppo

A

!

—

! PN |

’
L 4

According to the'model
' effects upon the weather® This process
appears to be linked to cloud formation. Thus, it is respon-
sible for all kinds of precipitation (rain, snow, sleet, and hail).
This lifting process also scems linked to wind chatacteristics,

When you' began. this unit, your objective was (o learn to

-predict the weather. The air-uplift model suggests some ways

when uplifting air would occur in your area® This would let

7o you make some pood gucsses as to what 10 cxpeet in terms
. 5 AL .

of cloudiness and wind. But how can you predict when air

15 going .to be uplifted? -

According to your model, air is uplifted in at least four

.major areas.

I. Over a surface where air is heated. e
- Along’lines where there is sharp difference in air tem-
- perature. - g ’/ L ' o

B OS]

R . -

“-3. In areas of relatively low barometric pressure.
" 4. Where there are geographic features such as mountains,

{

P LU S

N . B - . : .
LS oo - -' :

-

-0
R 4}

youw've developed, tie uplifting of

S¢ you could somehow know in advance -

gt DA R Sy w"'"'f
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Predicting when “air will be Jifted really boils down to
knowing when one or more of these agents exist in an grea.
Since mouptains and scacoastscdon’t move, it is fairly casy
to predict their eﬁccls But what about hnes of temperature
difference and low- pussmc arcas? Do these things move
about? If so, is thére enough order to their moving to allow
predictions to be made? Figures 7-l{lhr6ugh 7-4 will help
you find .out. S L e :

Figures 7-1 through 7-4 chow temperature ‘md prcssure
data for most, of the United States on four days in April.
Two maps appear for each day; one gives temperature, while
the other gives pressure information. Areas of low pressure
and high pressure are labeled with an L or an H on the
pressure maps. Lines of temperature differences (fronts) and

cloud cover are indicated by the symbols identified below:

FRONTS CLOUD COVER
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Cloudy )
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‘the system moved through.

[J7-1. Dud the low-pressure arcas, shown first i Figure 7-1p,
move during the four-day pertod? It so, i what peneral
direction?

(1J7-2. Did the hnes of temperature difference, shown first
in Figure 7-1b, move durmg the four-day period? If so,
what general direcion?  »

Both pressure areas and hnes of temperature difference
do move. Those on your maps wandered farther to the east
during the four-day period. '

The fact that cloud-forming agents move makes the Job
of weather prediction more difficult. You must find some way
to guess in advance when one of these systems will come

the problem of predicting the approach of a low-pressure
system. ' - ' '

Suppose you were living in Syracuse, New York. On Day-
I of the data period (sece Figures 7-1a and 7-1b), a low-
pressure arca would be lying to the west of you. Examine
the data for Days 2, 3, and 4 and notice what happens il_
Syracuse as the low-pressure area approaches and ther
passes by. '

'+

!

(17-3. What happened to the barometric reading in Syracuse
as the system moved through (rose, fell, or remained the
same)?
[z17-4. List the changes in the wind direction in Syracuse as

- - - "’
(17-8. List changes in the cloud cover as the system moved
through Syracuse.

(]7-8. What observations could have been used two days in
advance to predict thal the low- -pressure area was moving
into Syracuec” » Co .
Now let’s look for signs that could be used 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 Yere living in’ Fargo, North Dakota, when

_the data on Figure 7-1b were collected. At that point, a line
. of temperature difference would be lying to the west of you.
-

x

18

Tyour-wiy. "t:er‘s“serff “thrs—canbe done - First;-weth-cpnsider- e

-y
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FA7-7. 1s the anr behind the hne (1o the west) cooler, o
\\’ZHIH(‘I, than that m frot of w?

Fxamime the temperature closely for Dayvs 203, and 4 and
notice what happened to the weather Farpo as the hine
©oof temperature difference moved through.
v ~ N
[ 17-8. Wt happened 1o the an !cmpcmimc as the line
approached and moved through Fargo (rose, fell, stayed the
same)?

. »
[ 17-9. Lst the chanpes 1 the wind: durection as the line
approached and moved through Farpo.

) [(17-10. Tast changes 1 the cloud cover as the line ap-
proached and moved through Fargo. )

; &
. [17-F9. What observation could have told you on Day |
: . and 2 that a hine of temperature difference was approaching \
Fargo? - : « _
i i .
Nsw consider the weather 1n Scl'{ﬁn, Alabama. On Day
. an approachig hne of temperature difference lies to the
| Pl & I
¢ west of that city, too. But 10y different from the one you Just
! examined. Look carefully to see how.*
! [J7-12. How does the line of temperature change approach-
; \ i!l._g Sclma differ from that approaching Fargo on Day | in \
. Figure 7-17
é “~
| Look at the weather data for Selma over the four- day
i period. - : .
\ - -
| : \
1 - ' o
i o
I 2 ?
! [17-13. List changes i the cloud covcx in Sclmd as the hne
oftemperature diffenghce passed through. "
,_ emp p hrough
_ [17-14. List change/b/n the wind direction as the line passed
’ through Selma. . : -
3
‘ [J7-15. ,What happened to the air temperature as the line
passed through Selma?
.
' ' [(J7-16. What happened to the barometric rcadmgs as lhe
88 CHAPTER 7 line passed through Selma? ' .
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(C17-17. What obscrvations could have told you in advance
that this linc of temperature difference was approaching
Selma? (

5

Perhaps you now sce what “lines of temperature difler-
ence” really are. They are the edges of moving masses of
warm or cold air. 'They are called fronts.

A warm front is a mass of relatively warm atr that advances
into a region that s relatively cold. As the warm awr ad-
vances, the lighter, warm air is torced upward over the
heavier, cold air. This process typically takes place over a

-large arca. In a warm front, both the air masses ur‘movmg_

ih the same direction. The advancing warm air mass is mov-

mg faster than the retreating cold air mass.

To visualize this motion, imaginé That"you "ar¢ Tooking at
the front from the side as it passes by. This side view (or

cross section) would be what you would see if you sliced

down throygh the front from top to bottom and laid it open.

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

\

A

War™ gront

Earth's surface

— - 400 km \ >

- A cold front is a mass of relajvely cold air that 1s dis-
placing relatively warm, moist air. The warm air may be
moved’ upward more quickly than it is in the usual warm
front. Therefore, the slope of the cold front is steeper than
that of the warm front. Figure 7}6 diagrams another side
view of the frontal systeth. Study Figures 7-5 and 7-6 care-
fully so that you understand thoroughly the difference be-
tween warm fronts and cold fronts.

Figure 7-7 shows a different view of warm and cold

fronts—as if you wete looking down upon them from out

in space. This is the view you get when looking at a weather
map. Symbols used by meteorologists are shown in the
figure. \ ! '

: 102

/

Figure 7-5
x

Cold Front ~

253

Warm
air

Cold ) \

- ar

1500 m

N,

K 120 km —

Figure 7-6

.~
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Figure 7-7

{

Figure 7-8

Warm air mass

RPN

Warm front v"‘
Cold front oo ¥¥

) |

Notice the relationship of the fronts shown in Figure 7-7
to cach other and to the low-pressure area. The general shape
should be fanmuhar to you. You've seen it on the weather
maps you've been studying and mn the pho(ogmph shown
earlier and rcpmdufcd again i Figure 7}
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In both Figure 7-7 and Figure 7-8 the two fronts and the
low-pressure area actually form one large system. Look care-
fully once more at Frgures 7-1 through 7-4. As you do, try
to answer these questions: ‘

.

(]7-18. Are the fronts on the temperature mgps located n

the same genceral arcas as the Iow—prcssurc"arcns on the

pressure maps? '

[(J7-19. Do the low-pressure areas move at roughly the same
rate and m the same dircction as any fronts near lhcm?(

Well, the pattern on the maps is not completely clear, bug
two things arc apparent.

UL TN VI VRGN AWMLY IR N arem W fh AW mal s

2. Fronts and pressure systems move across the country
together. & ‘ '

At this point, you have the chance 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 (a model) as 10 what happens to the
weather in an area as a large presfure system approaches
and passes through. Take plenty of time for thought. It will

be important to what you will di_next. Use the questions

below to guide you i, your thinking. You should discuss
these questions with-Others who are at about this point.

1. Approxinfately how wide is the band of cloudiness as-

socifted with a warm front? with a cold front? with
+a low-pressure area?

2. How far ahead of each type of front or pressure area
does it extend? (Sce Figure 7-7.) o

3. What is the pattern of winds around a low-pressure
frontal system? (See Figures 6-4, 6-7, 7-1 and 7-2.)

4. How far do cold fronts, warm fronts, and low—chssure
areas travel in a day? Do they all move at the same
rate? (See Figures 7-1 and 7-2))

5. How can you tell in advance when a low-pressure
frontal system is approaching an area? (Refer to ques-
tions 7-2 through 7-17.) b .

6. What is the relationship. of a high-pressure area to the
movement and effects of a low-pressure frontal system?
(See Figures 7-1 and 7-2.) '

[y

1. Fronts are always associated with Tow-pressuté areas.

.
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il When you feel that you understand how passing fronts and
: , low-pressure arcas affect weather, you are almost ready to
, oo apply this knowledge to your local arca. Before you try to
I do this, though, you need to constder two more subjects. The
.' first 1s precipttation (r;~, snow, sleet, and hatt). The second
! 15 cloy’d type. ,
i! ’ . ‘
| , Precipitation
‘i ‘ Why does rain or snow fall from one cloud and not from
. another? Why 1s this prccipil‘éon sometimes a downpour
! ) _ and somatimes only a sprinkle? Why does precipitation occur
i : in so many different forms? These are not easy questions
;‘ s to answer. In general, it has been thore difficult to explain
l how precipitation gets out of clouds than it has been to
e e S s+ s+ e e e Xplain. howe . clouds. form in the first place. :
: " Y If you are interested in learning how to make raindrops, |7
L » . lﬂfﬂ!,:fﬁ, \6,1‘51‘ see Excursion 7-1, “And the Rains Came Down.”
A : In Chapter 4, you learned that water begins collecing on
,i dust and salt particles when lrc temperature falls below the:
b , dew point. According to yowr model, this is what causes
) cloud formation. If the droplets combine into larger and
“ . larger ones, they become too heavy to stay aloft, Then they |
\ fall. Falling water (rain, snow, sleet, or hail) is called precipi-
t . *tation. X
! Along fronts, warm air slides up over cooler air. As 1t 1s
; - lifted, the warm air cools below the dew points. If the warm
| ' _ " air is quite moist (humidity is high) and/or the cooling is
3 . ) quite severe, precipitation is the likely result (Figure 7-9).
i , Figure 7-9 . ) , '
§ , -
} 1
I .
! Warm Alr ! “Warm Al
! ~ with High - with High .
; - Humidity . Humidity ' < .-
! Cold air Warm Front > ‘!w ‘
)
""" C CP‘_(_’_ alr N
!
, - - v v

.
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If the warm aw s farly dry (hunudity 1s fow) or if the

cooling is not great, only a few clouds may form (Figure

7-10). ) Figure 7-10
he N
——~
{Aé% Warm Alr
with Low
W
Warm Front o

Cold air ’i, .&}J : ::

. Warm Air
Cold Front >

with Low
e -

Humidity

Back up to the clouds

The second subject we will discuss is cloud type. Over the -
years, meteorologists have studied the changes in cloud $pe
as weather systems move thrdigh an arca. They have found
that the changes fall into the fairly consistent pattern shown

in Figure 7-11.

Figure 7-11

Direction of Warm Front Movemen>

Cirrus type

Cumulus type

Stratus type

|...v';.,]Llf !I' jm

Cumuluys and
cumulonimbus

|| " ) 0"' ;' """q
LN l"tll ] 1§,
i ufm,. i ;Q @_J

.Clouds are often spoken of as “billboards of the sky.” A
skillful observerycan tell a great deal about forthcoming

weather by studying the clouds.

(17-20. List in order the cloud t}pes you wobuld e);pecl to

observe aga cold front approached your area.

~
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| 17-210 Lastm ordat

observe as warm front approached youraredt

the cloud tvpes you would expect 1o

Now leCd try to summarsze what voure legmed about

pl'cdlcliny“"lhc cflects of frontal systems.

Deseribe m Tables

7.1 and 7-2 the changes you would expect to oceus with the,

s
o

warm and cold trontal systems.

2

1-1' o . .
_}& « Cloudiness .

Table 7-1
{& e
S, ; n
k4 . . . e
B R COLD P'RONI
\».';?; ' % -
A " t‘w‘;{ - Immediately Imniediately
Lo o . . < .
! -~ Ahead of the Front Along the Front Behind the Front
8

oo o g e -
#i' Barometric reading ! Sk T :
f Temperature W .
ES L L <oy \ "')

Cloudiness vt
;—’—_ ) T .f:a__ R L on -
;gg‘; Wind direction ‘
A Y T TR AU 3
Table 7-2
‘\.’." v .;r‘.. e
o 3 - ‘ -
b : WARM FRONT
i o Ahead of the Front Along the Front Behind the Front
Lo T . . 3 RE N
v Barometric reading™ PR
;.Fi : . c s L
i Temperature > o s

! /'/

: " Wind direction

C el s

2

i Y
You may have had trouble deciding how wind direction
s~ s affected by frontal systems. Predicty gﬁchangcs in wind

direction requires that you know th
front arrives. You would also nce
motion of the front. Neither of th

providcd in Tables 7-1 and 7-2.

s g L e e

0%

‘direction betore the

5 know the direction of
cse bits of information is




PROBLEM BREAK 7-1

Yow've been keeping a weather wateh for quite a while
now. You should have quite a collection of data for your
arca on vartables such as barometric pressure, wind speed
and direction, cloud cover, cte. Here's your chance to study
that data and find out if the patterns in weather chanpge for
your area can be c;\'pluincd by the mode] you've been study-
ing, N

You should look for relationships between weather varia-
bles. For example, you may want to sce if your data indicate
that wind dircction is related o barometric pressure, or to
cloud type, or o dew point. Or you may want 1o find out
i temperature change is related o humidity or o wind

questions.
Suppose you want to find out how pressure ch:mgc aftects
temperature change. You could make a table like Table 7-3.

: L speed. Lets sngpest one approach to getting. answirs taosuch--—§-

, ;
Table 7-3 ’
. :u Pressure Change Prevailing Wind Direction for the 2nd Day of the 24-Hr Period
" from One Day : : S
R “‘ 710 the Next T Northeyly ~ Southerly . Westerly > Easterly
- 18 A Rising )
T - - e i ‘
N '\ 2 W “S!cady ¢ * ? o
- ; \{ ;4' : % Falling S
— ~ ;" :; L aaat o ahiitea,
- S - Tally the data from your weather watch in a table like
S « 1-3. Each tally {mark) will represent one 24-hr period. After
all tallies arg/made, you can judge the cleet of pressure '
change opwind direction. You can even make some calcula-
. tions. For cxample, you can calculate the likelihood that onc
kind of pressure change will produce a given wind dircction.
.. Suppose you' want to know how often you can expect to see
a southerly wind when the pressure is, falling. Here’s how ,
you find out by using your data, '
:o. Sum up all the tallics in the entire table to get a grand ;
.: total. Then divide this number }nto_ the number of tallics in
,the appropriate data box. Multiply your.answer by 100 to- CHAPTER 7 95
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b,
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ael a pereentage, RUEI AN
' N\

No. of Laghts m data lm\\

(n.md total of l.lllu\

N too

This pereentage (sometimes called probabilityy s o meas-
ure of the hikelihood that falling, pressure will produce south-
crly winds in your arca. Of course, this pereentage is based
on hmited data taken at one partreular e of year. More
“extensive datarmight give yeu a different percentage tor your
answer. Even with such limited data, a percentage of this
sort gives you more predicting
You should now sclect the variables you want to investi-

power than you had before.

pate. Record your findings and conclustons i your Record

Book.

[17-22. What do you think the weatherman means when he
says “The chance of ram today 15 30%77 Discuss why you
. think he would make such a statement.

This umt of work was not designed to make you mto a
meteorologist. s purpose Was (o introducg you to LLl[lH]
factors that affect weatlfer and help you put together a
simple model for ,\plammo those cilects. Youwve scen that
there would be no change in weather withont movement of

air. That's why this wnit s titked Winds and Weather..

You've investigated many variables and scen how they
‘affect the motion of air. You've learncd something aboul the
processes that form clouds.” Perhaps you uare stll )nluutcd 3
in learning more about old “cumulonjmbus™ mentioned 1 3
Chapter 1. U se, take a look at Excursion 7-2. — rf

Low- and high-pressure arcas and frontal systems have
also been studicd a bit. You arc on the verge of being able -
to predict simple weathey changes i your own region. You _
can try your wings if you wish, by taking a look at Excursion )
7-3, “Predicting Weather.” .

. Dor’t be disappointed if you aren’t confident about your
‘predictions. Weather is very complicated andioften unpre-
dictable. If you don’t believe it, ask any weatherman.

Before going op, do Self-Evaluation 7 in your Record Book.
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Exqfursions

A ]

. {
i
- {
Do you bike to take trips, to try something different, to see
new things? Excurgrons can give you the chance. In mauny
ways they resemble chapters. But chapters carry the man
story hine. Excursions are side trips. They may help you to
go further, they may help you go into different material, or
they may just be of interest to you. And some excursions are
provided to help you understand diflicult deas.

Whatever way you get there, after you tinish an excursion,
you should return to your place m the text materal and con-
tinuc with your work, These short trips can be interesting
and different.
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The basie cquipment needed for a hot air balloon is an
intlatable bag and a source of heat. Almost any size and
shape of bag will work. , o :

You can make your,awn balldon from a plastic dry-
cleaning, bzlg. The long dr‘css—sizc‘ bag will give the best re-
sults. Here is what you and a partner will recd:

) ) A

T plastic dry-cleaning bag (dress-size) <
. N

Plastic straws - . £ ‘/

Plastic or cellophane tape : VAR

I alcohol burner .

?

v
) _ . 9\%
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.

- /

[5ry-cleanlng bag

LY
.




Y ! b
ACTIVITY 2. If the bag leaks, you should seal it with tape.
_ Twist the closed end and tie o knot in it Trim oft the excess
v plastic with scissors.

* " ‘

\

Seated ond

Airtight

~

‘ & Dry-cleaning bag

In order <o collect hot aw m the bag, vou'll necd to be
able to hotd the other end of the bag wide n[wn-.-“r'mx can
mahe a hoop or cirele out of stiaws o do thas, o hind out

how many straws o use, do the following actuvity™

ACTIVITY 3. Flatten the bag out at its open end. Measure the
- ‘ distance across this open end. Multiply this distance (width)
; ’ AN by 2. This will give you an approximate measure of the length
i, _ : . of the bag’s opening.

e Width T ,

Multiply by 2

100 EXCURSION 1-1




ACTIVITY 4. Place plastic straws together by pinching and
tolding one end of one straw and inserting it into another
straw. (Overlap of the straws should be about 3 cm.) The total
tength of the straw chain should be equal to the approximate
opening of the bag' (as determined in Activity 3).

Plastic
stiaw

Pinch

{his

end. .

e e ot gt e e e ramen )

}
ACTHVITY 5. By putting the two end straws together, you can }
form a hoop. .

Plastic
straws

——’

ACTIVITY 6. Use a tew short pieces of tape to hold thegi\raw
hoop inside the bag. Overlap the bag about 3 cm. '

Ta pe

101

(4]




H

.

s

102 EXCURSION 1-1

N

You e Row peady o colleet ot ot b

\
/'//11\' et howld Do done 1

g He sure doget o 11/”1/(;1'.:{
v vwork ey with the aleohol
by 1f will burn

Caulion Jhe et parloe
nx‘i(s;/u}hnl by your feactn
[‘s¢ caution

v i

an ared de
hefore heginning.

The /)/u.\lu' bayg doesn’t burn /:1/7.(1'/x‘.

hurner.

KNeep 1t clear u/'l/u- fleame. .
\

lighted alcohol burner. y
1

- ACTIVITY 7. Hold the bag over the
armed.

__Continue to support the bag as the air Inside is W

-

Plastic

" bag _
. .{.)
) : .
7
e
R Alcohol
N _burecr :
) £ - . -
*
=
_ acaution Be sure 10 keep the sides of the bag away from the
s open flame.
1. Describe ‘your observations of the bag as the air inside

is heated. . .

(2. What would you have to do to keep the bag poing up-
: e . v =

once it left the ground? "

That's okay. But

without your

§

s

) .
You may want Lo impro'vc your Balloon.
don’t wry other experiments using flames

teacher’s permission.
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Blowin’ il i Excursi
-Blowin’ in the Wind -xcursion 2-1
. Y
H
Wind direction > )
o In mounting the all-purpose weather instrument, the cir-
) cular wind dircetion 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 du(m~ ! ’
tion from which the wind is blowing. |
The important point to remember is that wind direction /
) 1S namul according 10 the direction [zom W lmh it blows.
' ‘ } .
Rain . Figure 1
gauge '  J
Temperature
. pera Total raln »
: Iindicator
' \
: Y - ¢
'-:"x‘l‘ '
) 'f;.“:"‘
. \ ' .
"‘ Wind djrection

. indicator

/ northwesterly.)

103
Wind speed

indicator

1‘1 6
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.'\llllxwllz"l\ oIS |m\\1hlc (o une up Lo 12 pomts ol the com

the wind (_hu"g‘imn, vou will use n(nl\ £ You
cltron Jueotly “mn the puxl\-lmn ol the
A shel ool the 8 odued

pass Lo nane
can read the wind doe
movable ponter aginst the ~oale

[
(ONS YOU 1Y USC ApDeidns i ] veuie 2

. .
. . Haouth

Southwent

Northwest

1

Nosthoast
A

\\F‘igure 2 -

e

North /

Usually, the pointes an't stationary. Tomoves as the wing

chifts back and forth, But yap can stidl pet an average read-
i the poiter moves about as shown’in

ing. bor example,
QA estimyted to-

Figure 3, the general direction of the wind

be west.
’ Fiqure ¥
a

e e

A o
e e -

Pointer

EXCURSION 2-1
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Wind speed .
A}

The weather-station mstrunient also allowy You to measurc

the wind speed. The principlc behind the wind speed me

dicator should be obvious, In fact, you can castly build your
own wind speed indicator if you are mterested. See Froure

4 for hints on doing this. (You will have to furnish the com-
mon materials required.)

* Board—n-
kN
- N AN 7Tl s SN s
ai
support 4 E
—W\——Moml strip ' T
(2 tm wide,
cut from an —
S aluminum or )

. tin cah) ™~

- ) ' ' t \

- \ )
\ N
Nail = \ \ .
\ 2
- ‘ ., -

rngure 4
oo s \ : :
Your mstrument will have to be calibrated in order. to be
usclul in making your observations. To make the wind speed
scale, wait for a calm day, then take your indicator lm:.;a
car ride.

ACTIVITY 1. Hold the indicafbr 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.

L3

EXCURSION 2-1

105
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In Keeping your weather w mll there G be times (espe-
crally on weekends) when the weather NLthon s timent i
o thes
you can estinate wind speed faly aceu-

not anvalable.
own mstinment,
rately. Table Twidl help you doths ll/l ible hists commoen

‘ cvents with

the AHHU\HHH( Wit _luui assoctited wath

v the case and vou don’t have youy

them.
"y
Table 1
N . - .
A
Wind Speed .
Descnption of Behavior N
mph Ko of Common Objects
Less than Less than Smoke pises vertically.
! 2
w3 2w 3 Smoke difs, but Hags hang himp. O
\ ’ ; e T
v nary wind vanes uscless.
{ ¢ b o
§ o7 010 11 Wind felt on face. Teaves e, Ordi-
nary wind vane. move. ‘<
gt 12 12 19 Leaves and twigs in moton, Light flags
are extended.
13 to I8 2010 29 Dust and louse paper rased. Smatll
branches are moved.
. 19 to 24 30 to 39 small trees begn to sway. Whitecaps
form on lakes.
—
25 10 31 40 w0 50 Large branches in motion: Wires whistle.

-

Umbrellas hard o usc. .

EXCURSION 2-3
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“Sinee ancient times, men have watched the skics and tried

to predict the comng weather by what they ob»crvcd.} Long

betore the clouds were

given scientific names o wdentify

them, they were ¢ deseribed in texms of things that lhcy resems-

bled. Thus, statements like tlm (()Howmo were

uscd:
“Mackerel scales and mare’s tails

Make lofty ships

Figure 1 ““Mackerel scales

a{(" < -vr. NY‘! ‘4! o .m..‘\“.; .
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Figure 2 “Marc’s tards”
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The appearance of clouds e neat tows ol small patches
resembhing the scades of 4 ish (Faipure By ot wepy flanments
ke the cuthmy han an a horse's tol (P 2) foretold o

storm. Upon seotny, these sipns, catlors would lower then

\

ship’s canvas.

L\ _\\\«« “::}\} M"Q
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EXCURSION 2-2

20800
(LA A IO Yy

e

Of all the different elements ot the weather that you will
be studying, clouds and the forms of mosture that come
from them are the only things that are gencerally visible. We
can deseribe and name clouds by their appearanee. You
don’t have to rely on an instrument for their deseription, I
you learn the vocabulary of the cloud types, you dan read

them like a billboard. And you will also have some idea of

coming cvents in the weather.
Much like people, clouds tend to be found in familics.

The three cloud names that you have used ‘in Chapter 2

"1(:irrus, stratus, and cumulus) are really family names given

to them by a nincteenth-century chemist named  Luke

Howard. Cirrus means “curl of hair,” sfrafus means “spread
~ ~ . - . Iy .

out,” and cumulus indicates a tpite)” Also like people, there

s often a combination of familics. This means that there can

be cirrus and cumulus combined, or cumulus and stratus,
or, stratus and cirrus. Thus, the n:uckcrgl scales (Figure 1)
mentioned in the weather adaggare really cirrocumulus, or
“wispy prles.”- ey

{<c

I .

(
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All Uil-hi;-_l_ypc clouds are tound at hiph alutudes, from
0,100 meters (20,000, teet) on up. At these haphts, the tem
perature 1s so cold that the clouds are composed entively of
1ce orystals. These crystals are very fine and dcheate. Phas
accounts for the hagzy, flmy, and wispy appearance of the
clouds. A cirrostratus cloud is just a high sheet of e crystals
spread out at once level above the carth. These clouds give
the sky a flmy appearance and ¢ause 2 ring, or halo, around
the m?mn or illlll.l(SCLb Frpure éﬁ;& |

Crirrostratus Clouds (Wispy and spread out i a lyer)

s
N
R
§
.
H
{

-

;

.The threc m/a'ih categorics of cloudstoften have other
names added o them to further describe some of the varia-
tions. The prefix alro (meaning “high”) can be added to the
terms stratus and cumulus, To indicate a high, sprczul-c}ul

Jayer of clouds, the word altostratus is used. Clouds at high
\ . 8

altitude and piled up are called altocumulus. They are found. ™
from 2,440 meters 10:0;700 meters (8,000 feet to 20,000 feet).

Qv

oo, N
N
¥

" Figure 3
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Figure 4 Altostratus [j1 \Vhy do you think lhmc s not a cloud dunumlui as
ST alocirrus?
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" Figure § “Altocumulus ‘The Latin word nimbus, me mé\wg “rain cloud,” is often

used to indicate a cloud from which precipitation is (alling.

Thus, heavy stratus clouds {rom which rain or snow is falling

are called nimbostratus. Stratus, stratocumulus, dnd nimbo-
_ E-XCUR_SI_ON 2-2 . stratus arc found below 2,440 meters (8, OO() fLLl)
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Stratus Cloud Fogging near the Top of a Mountain

Stratocumulus _ ,
(Spread-out layer of piled-up clouds)
Figure 7
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Nimbostratus
(Spread-out ramn clovds)
Figure 8
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Cumulommbus (Piled-up rain clouds)
Figure 10

SR P - B e

Cuntulus and cumulonmbus (}lmnduhc.ul) clouds aye
found at all alttudes, from 24410 wicters (8,000 fect) to T8, 300
meters (60,000 feet). The cumulus s the typreal cloud of fau
weather, resembling a ftufly \\-Qilq‘ pile. A continuous growth
of the cumulus cloud produced the ficree cumulonmmbus of
the thunderstorme. This cloud s the one assocrated with our

most vicious weather, mcludimg tornadoes and halstorms,

(J2. Now sce 1f you can identity some of the ten varictics
of clouds that have been mentioned. Don’t look back to the
deseriptions unless you have to. R
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- v
A A hph sheet (2400 0,100 meters) that makes the sun
appear as tf you were sceing it through tssue papet

B. A low cloud (below 2,440 meters) that lookﬁ,}$‘ like a layer
of rolls or twists. : :

Ny I'L ’k,"(t
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Figure 11
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Figure 13

Figure 14

C. “Thunder sky, Not oo long dry.”

DD, The cloud that gives the all-day drezle:
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oo What cloud type s called o topg when atas npht down

on the pround?

.o Peathery shy ™

[RERLI X7
Q‘T"'h.k .
S

G. These are called 5!;66;) clouds..
2,44010 6,100 meters high. &
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Vigure 15
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Figure 17
Flgure 18

EXCURSION 2-2

'
1

,? “In the morning, mountains, In the evening, fountains.”
1. Cmdlui sky, Not 24 hours dxy’

e
-
4
R -
R i

Check the answers below to the ten cloud types. Then,
as you go through the rest of the unit, see if you can deter-
mine why the weather adages give a clue to the coming
weather 1 terms of the modcl that you develop.

A. Altostratus B. Stratocumulus C. Cumulonimbus
D. Nimbostratus E. Stratus F. Cirrus '
G. Altocumulus  H. Cumulus. . | 1. Cirrocumulus

von e




Excursion

TEMPERATURE
SUALES?

Y\ .

“Fahrenheit degrees. How are the Fahrenheit and Celsius

temperature scales related?
| : N

N S
136

\J ! {. - Temperature
! { So far in the 1SCS course, you have measured temperature
1= - in Celsius units. On the Celsius scale, the freczing point of
A “water is 0°C, and the boiling point of water is 100°C. The
- temperature on a warm spring day might be something like
B (R 24°C. However, when temperatures are given in a ncwspa-
| per, radio, or TV wecather report, these temperatures are
1 usually given in Fahrenheit degrees. When recording your
G own weather information in this unit, you\nay also use

117
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o marhed e degrees Cebsios () and e deerees Fahieenhent
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Figure 1

.

Fapure toshows how the same thermometer would fook

Cuotaaus Fahienhest
m Boithng pomnt (M)
—~ 100 — - = e = D12}
e QbW L __?‘0
’ —{ 200
90 1
— 190
-1 180
80} -
—1 170
70 +— -— 160
—1150
60 | —1140
—1 130
50 —1120
—{ 110
01 L1100
190
301H
180
—~170
20—
160
10 50
, 40
Freezing point
OO0~ -~~~ = —— — 132t
of water 30
(b)

(a)

(J1. How many degrees separate the -freezing point and the
boiling point of water on the Celsius temperature scale?

.[:]2. Ho

(J3. Which 1s the higher temperature, 50°C or 50°F?

many degrees separate the freczing point and the
boiling pqnt of water on the Fahrenheit temperature scale?

[J4. Which is the bigger temperature change, 10 degrees on
the Celsius scale’or 10 degrees on the Fahrenheit scale?

.
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Table 1 can be used when vou need to make a quich

conversion from ()l]C).\L‘ill(‘ to the other. You may want to
round ofl the Fahrenhert temperatures., ’

\‘g..

Table 1
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Speed /

The wind speed mdicator on the weather staton mstin-
ment s cahibrated i the nelish system (nnles per hour)
You may want to convert F nehshe mades o e meuie syster
(Alometers per hour)

§ Ina mile, there are about 1Lo0O meters, or 1.6 KMlometers
(abbreviated km). Thus, it the number of H]ll(\ ts multplied
~-by Lo, the answer will be in kilometers.

IGGY SETS NEN
SCS SPEME |

[J5. What is the wind ‘slvccal"l km/hr 101t 1s blowing at
a rate ot 10 mph? 20 mph? 25 mph?

[J6. Wind is considered to be of-hurricanc force if it’s speed
i
is 75 mph or above. How fast in km/hr would this be? o

|
[J7. A breeze of 64 km/hr has what speed in mph? |
i

Precipitation /

]
!

The precipitation gauge on the weather-station instrument /
| is calibrated in inches. Precipitation figures given in the news /
| media (newspapers, radio, TV) arc also usually in inches. /_." -
! Itis an casy task to. convert inches to centimeters. /
i There are 2.54 centimetgrs in cach inch. Therefore e, 1if (h(,
3 number of inches is mull:plmd by 2 54, the answer will bc
n centlimeters _ /
\ /

[JJ8. Supposc the rain gauge shows that 2.5 inches c’Ll/_lasl

night. How many centimeters of rain fell? \ T

EXCURSION 2.3
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The term pressure will be used many times in this unit. Do
- you understand what it means? Test yourself with the fol- -
lowing checkup. When you have finished, check your an-
swers at the end of this excursion, If you get both answers
100% correct and are satisfied that you fully understand pres-
sure, skip the rest of this excursion.
If you are less sucecssful or have any doubts, stay with . . {
. ’

CHECKUP
1. In your Record Book place a check by any of the following .
that could be a measure of pressure.

500-pound bar

a. 7 pounds (_.) d. 4 square inches () .5
b. 9 newtons (__) e. 8 newtons per square '
: meter (__) ‘

c. 6 pounds per squarc
inch ()
2. ‘A 500-pound metal bar is lying on a bench. The area of
the bottom of the bar is 50 square inches. What is the
pressure of the bar on the bench? (L)

r . - v
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A 200 pound man wilks across soft snow. He sinks mito
the snow up to his knees. After putting on v pay ol stow-
shoes, he leaves only a shaltow footprmt as he wdalks across ;
the same snowticld, Certanly the man doesn’tweigh any tess i
after he puts on snowshoces. (In fact, the weipht of the snow-

e

shoes would inercase s total werpht)

1711, Why don’t the man and his snowshoes sink as deeply

imnto the snow?

In answering question 1, you prohably used the dea that
snowshocs spread the man’s weipht over a bigper ared. This
idea 1s the key to understanding pressure. Whether the man
Is wearing, snowshoes or not, his feet push on the snow with
a force of 200 pounds (his wetght). Whenthe wears snow-
shoes, this foree 1s spread out over a bigpcr arca. The term
pressure s used to describe how coneentrated a foree s (how
much force there is on cach unit of arca). Once of the com-
mon ways that pressure is measured ts 10 pounds per squage
“inch. Suppose the man takes a walk with onc shoe and once
snowshoe. To make the caleulations simple, let's suppose the
total arca of the man’s shoe is 50 square mches, while the
total arca of a snowshoe is 400 square mches.

Y -

& ’ ot ' . -
~ |
" Thus, the force excrted by cach square inch of the shoe

1S

200 1b/50 5q in. = 41b/sq in.
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This foree per squate inch s the pressune excrted by the

man on the snow under s toot. Al the man’™s 200 pounds
1s spread over 50 squane mches of snow

The torce excrted on the snow under the snowshoe can
be calculated i the same way. Each snowshoe has an area
of 400 square mches. 1o1s pushed into the snow with a force
of 260 pounds 1if the man is putting all his weight on once

foolt.

(T]2. Calculate the force excrted on each square mch ot tho
snowshoe.

We can use this idea of pressure to explam why the man
does not sink into the snow when wearng snowshoes:
When wearing shoes, the pressure of the shoe on the snow
is four pounds per square inch. When wearing snowshocs,
the pressure of the snowshoc on the snow ts less, only 0.5
pound per square inch.
Pressure, then, measures the concentratiog of a force. It
can be operationally detincd by this formula:
Force (Ib)
Arca (sq 1n.)

Pressure (Ib/sq in) =

or

I'orce (newtons)

_ Pressure (newtons/sq m) =
2l

&

Arca (sq m)

2
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- [T
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But what about air pressure? Iihe the man, an has wapeht
In fact, the an above your house or apartnient Gesume the
roof ol the house (o have anoarca of 1500 square feet) o
about 1550 tons (3100000 1Y Are s ot hieht! Bue what

about the pressure? Smee the 1,550 tons crerted by this great |
\\'cigllt i ospread over the total area of your house, you can
determme the ane pressure od i t

! N

3,100,000 b

7"‘?'"'.131"'f{l:{‘fm:-:-;‘-g—\:;-:-r-*
1 ooy

¢
¥

+ aond

1,500 square feet = 216.000 squarc inches

LI Il

If we apply the opcr':uionnl definttion that pressure =

—— . then the air pressure. on the house would be
area (sq 1n) . ’ :
~ i 3,100,000 1b
AT pressure ==

) i 216,000 sq m.
= about 14 Ib/sq in.

force (Ib)

~

Every square inch of rool‘,\hqns 14 Ib of air weight on 1L
For answers to the chgck’invcr! the page.

. S urbs/qot z, (3) pue (9) 'L
’ : o 1Z1 abed uo dnmyooy) 0) semsuy
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Measuring Air
Pressure . . .
In Inches?

What does it mean (o say that the atmospheric pressure s
30 inches of mercury? What has the length of mercury 201
to do with pressure? '

Thg first person 1o use the length of a column of mercury
to measure air pressure was Evangelista Torricelli, an Halian
who dicd at age 39 in 1647. Rather than describe Torricelli’s
expertments 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™mad hope you
may, too. A few marginal notes have been added o help
you understand it, . '

Excursion 3-2
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A glass tube about thice
feet long was tiled with
mercury (C]UI(JKSIIVQ!)
and anverted 1y a bow!
ol mercury

The levet of mercury in
the twbe fel untit it was
about 30 inches above
Ihe level of the morcury
m thy bowl. The space
above the mercury
Coumn was ess :ntially
a vacuum.

r-Vacuum
.

-1~ Mercury
column

30/1

Mercury

“
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Yostead or using a merarry barometer (o

pressute, you will be usmgan ancrond batometer. 1 called
ancroud, meanmy “without flurd,” because 1
of flmd, a small (ii.\k~s|1;1pcd bo
ar has been removed. The disk can be seen m mMost anerond
barometers by looking through the hole in the dial. The disk
will look something like the one drawn m Figure |,

measure an

USes, instead
X from which most of the

Al prossuro
incroases

~N
with most of

: _ the air removed Figure 1

- As the air pressure on the disk ch
are squeezed together or
to move the pointer.

You will notice that there are
barometer.face (Figure 2).

anges, the top and bottom
expand, causing levers and springs

two ctreular scales on the

Figure 2
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EXCURSION 3';2

The top ~eale tells vou the hereht i mches to whieh o

column ol mercury can be suppotted by the pressure of the
arr. Remember that Tormeellt tound this to bhe gbout 30
mches.

The bottom seale records the e pressure e nudhbars
(mb). A milhbar s o measure of pressnee. Remember that
wessure can be L‘Xplcxscd as the amount of foree per area

(sce Excursion 3-1, “The Pressure’s On™). One nullibar of

pressure 1s the same as QOIS pound per square mch The
A0 pressure needed o support a column of mercury 30
mches hugh s 1016 mdhibars,

(711, What anr pressure i pounds per square mch s required
toysupport this mercury column ot 30 inches?

[7J2. How many pounds per square inch of pressure are
required to support a 29-inch mercury column?

LFor your weather wateh, you should l'CL‘T)I'Ll the barometre
pressure in inches; thus, you can ignove the muhbar scale.

Now let’s find out how to operate the ancroid barometer.
Notice that halfway between 29 and 30 on the barometer
scale js the numeral 5011 the black ndedle were directly on
that line, the reading would be 29.50 inches (FFigure 3).- 11
it were on the dark line just to the right of the S, the reading
would be 29.60 inches.

Figure\B\
’ \

2950 29.60
™~ /

AN

~
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, . . - .
\ [13. Go to where the ancrord barometesr is located your
vom (or i the weather station) and record the an proessute

m inches.

Before continuing, check your rcading with your teacher,
You will notice that there is a silver needle-on the barome-
ter. This needle can be used as a marker (o help you keep
track of how wr pressure changes from one rc:,lr(mlg-. to the
next. By sctung the silver necdle dircetly over the black
-needle, you can see how much, if any, the black needle has
moved when a later l'cuding ts madce. You can move the silver
ncedle by turning the knob on the face of the barometer.,
This will be very useful because you can immediately tell
if there was a risc or fall in the pressure ‘ncc the last reading.
o o C
(14. Figure 4 shows the posttion of the black needle about
twelve hours after s posttion was marked with the silver
"\\.gglﬁcdlc. How much has the baromecter rcading, changed in
the tvelve hours?

5 Figure 4

{1]5. Does the change in pressure represent a rise, or a fall,
m air pressure?

Here is a good technique to use when rcading an ancroid
barometer. Gently tap the glass of the barometer before
taking the reading. This will force the ncedle bearing if 1t
is sticking slightly-——a common occurrence in many anerotd
barometers. Try it and sce.”

If you arc not sure of your ability to “rcad” the ancroid
barometer, test yoursclf with the three problems in the fol-
lowing checkup. You can check your answers at the end of the
checkup. ' N :

14
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Figure 5
Answers to checkup 5 -
3. 30.12, or 30.13, or 30.14
. it you!missed any of these, and don’t understand why the
answers glven are correct, talk it over with your teacher: _
. . Pl . ) v’ N,
) ' N - N . ! *S: ’ S

{
CHECKUP ' .

1. Move the silver pecdle on the ancrond barometer (by
turniy, the kn'«)}ﬂ so thatat pomnts to 2920

2. Move the sibver needle so that it ponts to 2985

3. What v the barometric pressure, inchc;\'j/s‘ﬁawn n

Fipure 57 -
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~ The Shivering
.  Thermometer

Try t remember your last vaccination. Was alcohol used to

Yo clean your arm? If so, you probably noticed that the cleanscd’
' spot on your arm felt cold. Why? .
ACTIVITY 1. Lick the back of yodr hand. Wait a few seconds;
. ) then blow across the wet spot.
Wet
spot
-7 . ’
. '\.‘ ) ” ' N
o1 (1. Describe how the wet spot felt before you bluv across,
A it, and then while you blew across it o
. Lets find out more about this cooling. You will nccd/lu
tollowmg materials: "
R L .1 thermameter .
weowgdd® L. 1 4-cm piece of wick )

- Baby-food jar half-filled with alcohol

:
< v

r’"/ Excur

sion 4-1
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EXCURSION 4-1

ACTIVITY 2. Place a dry wick over the end of a thermometer.

In doing this youl fingers will probably touc(\\ll)e bulb and
returns

cause the tompem!uro to rise. When the temperatwe
to normal, record it ag Temperature A in Table 1. This is the

temperature of the air.

Thurmomelters

Dy
wick

- ~

ACTlVITY 3. Place the thermometer jn the jar of alcohol.
Reco-d the temperature of the 2 alcohol as Temperature B in

Table 1.

Alcohol—

ACTIVITY 4. Remove the thermometer from the alcohol ahd
wave it around for about 15 seconds. Record the temperature

as Temperature C in Tabte 1.

o




Table 1

Temperatre (°C)

Temperature A

- 'lcmpcx_nlmc B

———

'l'cn)]wr.llnu- -

(12 What s the diftérence between Temperatire A and
Temperature B?

(713 What 1s the difterence between Temperature B and
Temperature C? .

(14, How do you explain these diflerences in temperature?

You probably found that the air temperature (A) and the
alcohol temperature (B) were very stmtar. However, Tem-
perature C \\'z’s much lower.
[7]5. What happened w the alcohol as the temperature
dropped?

Alcohol was used in this activity because it cvaporates
raptdly. This cvaporation s related o the temperature drop
that you obscrved. Blo‘\ving across the wet spoton your hand
speeds up the evaporation of the hiquid. You can compare
the cooling cliect of evaporation of the two liquids.

R

s

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 hands at the same time. Continue blowing until one of
the liquids disappears.

EXCURSION 4-1
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{16, Which hand felt cooler as vou bicw across it?

(7. Which hqmd cvaporated the faster? (You may want *
to devise another way to compare theYevaporation rate of
the hiquds.)

(b e

You may recall from \'ulnn\c» Fand 2 of ISCS that energy
15 absorbed by a hqurd when € changes to a gas. This enerpy
(usually heat) 1s absorbed fiom the surroundmgs. .

LJ8. Explan the fact that the backs of your hands felt cool
while the liquids were evaporating,

(19. Why did the alcohol make the hand fecl cooler than
the other hquid did? ' '

Wet- and dry-bulb thermometers

)

Recall how you determined the relative humidity and dew
point by using the sling psychrometer. You found that lhc)
temperature of the wet-bulb thermometer was lower than
that of the dry-bulb thermometer. What you know about
cooling and cvaporation should help explain this difference. -
The encergy needed to evaporate: the. water from the wick
was taken from the wet-bulb thermometer. As a result, the
thermometer cooled down. ‘ o '

But why did you have to twirl the sling -psychrometer
around? Why wasn’t the difference between the dry- and
wet-bulb thermometers always the same? Lets try an experni-
ment to help find the answers to these (wo questions. You
and a partner nced these materials: B

I thermometer -~ . e ©
I wick '
I baby-food jar half-filled with alcohol. -

»

ACTIVITY 6. Place the wick over the end 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.

\

-
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ACTIVITY 7. Again place the thermometer and wick into the
alcohol. Remove it, and wave it around steadily, stopping at

15-second intervals to #5ad the temperature. Record the read-
Ings in Table 2. )

»

LJ10. Using your particle model, explain why the moving

thermometer cooled off more rapidly. (You may want o use

the ISCS Volumes 1 and 2 particle model in your®expla-

nation.)

~ The particle model for matter says that this eneigy speeds

up moving particles. The fast-moving particles may leave the
liquid to become part of the gaseous air. However, colljsions
between gaseous water particles directly above the liquid
mdy knock some particles back into the- liquid again. It is
~also possible for particles to return to'the liquid just because
they are moving in that direction. |
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When will the number of particles of evaporated hquid
returning to the hqud be the preatest? It will be when the
air above the hqmd i1s saturated with particles from the hq-
uid. Saturated meanps the air has all the evaporated hquid
it can hold. A.sponge is saturated with water when it 1s
holding all the water it can. -

Suppose, for example, the evaporating liquid is water. The
greatest return of water particles to the hqud would occur:
when the air is saturated with water vapor; in other words,
when the humidity is 100%. The number of particles leaving
the liquid would be balanced by the number of cvaporatcd
liquid partlclcs returning. This idea of particle balance is
illustrated in Figure 1. '

Figure 1

-

SATURATED AIR UNS’-ATURAT'ED" AR

) (100% humidity) . (Less than .. -
' .. 100% humidity) - ‘
mn B B “ ]
) . | N
N i
¢ ® 0 * ' f ? \ <
" RN reir it ¢
: oi'e o:‘",% * ot “.":"o" "“
v"""' 5\_ .? .!‘J E ‘T l! '\r:l:{ * ', ir_""’l';. ‘ i o
" ) "G;: YE' i “" -"f‘- o | & e, R
- ‘ hd * [ s * ¢ o L 4
e Liquid A° ° uqua
. .
\\ \> ./ \Z J.
“ N . ) ~ l . . » - ;“_‘.
. Number of partickes —  Number of particies Number of particles > - Number of partiotes,
leaving the liquid reentering the liquid |oavlng the liquid (is great- reentering the liquid
' - - oY - or than) '

o
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11, Suppoee the parﬁcles ‘leaving the liquid were ncmecdd'
from above 'the liquid ¢(blown away, for example). How
would this affect the cvaporatlon of the liquid?
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Perhaps you can see why you “shing™ the P.\)'L‘IHUHIL‘(CI,(

(The same reason eaplinns why wet clothes dry faster on a
windy day than on a day when the an s calmy) Fhe an
immediately next to the wet-bulb thermometeranay be satu-

[ . . .
rated with water. However, by swinging the thermometer

around, you constantly bring the wet surface mto CEIONS
where the air s not saturated. :

° .
((J12. Supposce the humidity in your classroom s 1009 (satu-
rated air). Yow would the temperature of the wet- and
dry-bulb thcrmometers compare?

When the wir is notsaturated, partcles will evaporate from

the wet-bulb thermometer. The dner the arr, the faster the

cvaporation. Thus, the better the cooling and the greater the
difference between the wet- and dry-bulb readings.

In summary. in humid (moist) air, the difference m wm-
peratyre between the two thermometers is slight, i any. In
very dry air, the wet-bulb thermometer gives a much lower
reading than docs the dry-bulb thermometer. This should
help explatn the tiguyes in Table 4-2 of Chapter 4.

2
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EXCURSION 4-1

Condensed condensation

The parucle modgl s also usetul cxplinnmy, conden
saton. 1ty the opposite of cvaporation In condensation, o ]
pas becomes liquid. Condensatton occuts with coolimng. As
the pas cools, 1ts particles fose enerpy and move maore ;\Imvl)-_
The forees of attraction between the particles are suflicient
to bring, (hese slower moving, patticles together. ‘

You have scen mossture pather one the outstde of a con '
tainer of cold Tiquud. (Thas s similar to the way you deter-
mincd dew point) The wmr close to the cold contgier s
cooled as the contamer absorbs heat from it The partceles
in the ar lose some of thewr encrpy. With reduced moton,
pascous water particles join topether to form the visible Ty

-

uid droplets.

/”'{J




How High Are
the Clouds?

Many wihrm summer days begin with a cloudless sky. By
noon, however, puflballs of cumulus clouds may have ap-
peared. Heat from the carth’s surface has hfted motst air up,
t'ormingclonds. Usually these clouds have {lat bottoms.

(J1. How do you account for the flat bottoms when the

~cloud tops aren’t flat at alt?

That isn’t an casy question, but you may be closer to the
answer than you think. As moist, warm air rises, 1t gradually
cools. Eventually it gets high enough and cool enough so
that the water vapor condensces. This condensing (cloud for-
mation) happens just when the temperature of the airis the
samec as the dew point. This oceurs at a spectfic Hcighl above
the carth. (Of course, this height varies from day to day.)

(2. What part of the cloud is the first to form, the top or
the bottom?

-«

[]J3. Can you now cxplain the flat-bottomed clouds?

‘_ . _ ) . ~i (CS ¢

to.

2

Excursion

Moist

Figure 1

warm air
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As a1 tses, 1t cools al

100 1

{

pround leveld (Figne

Figure 2

=4

B

).

39 coole rﬁ

2¢ cooler

1° coolay

100 m

200 m

300 my

an averape tate of about P7C per

(4. How much cooler would the e beoat 400 m than ot

? (;oolmfe\

400 m

s

DR N

The dew pomt of atr decrcases at an average ate of 17¢

per 550 m.

(715, How much less would the dew poinl of air be a

2,200 m than at ground level?

Figure 3

Dew point
1° less

550 m

Dew point
2° less

Dew point
?° less

Dew point
3° less

A

2200 m

Earth

[16. Which decrcases faster with altitude, l}w alr tempera-

turc or the dew point?

>

Figure 4-may help you ivi{h;guur answ

1
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. Figure 4 . ° . .
45004 . .
4000-4- .
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.1500F
1000-f \
500-F
- 1
8
°C of Dew POINt DOCTOASO muemam————
°C of Air Tempoiature DOCroAS0 me m - -
As altitude increasces, the air tcperature falls faster than
the dew point. Therefore, at some spectfic altitude, the air
temperature will be equal to the dew pomnt. At that altitude, .
. . P . y . . v ~
clouds will begin o' form. Since cloud bottoms form first, o
all of them will be flat at that hetght. (The rest of the cloud A
forms as the warm air continues upward. What do you think .
causes some clouds to stop getting arger?) ’ -
Your problem is to find the height of the base of clouds.
Assume that the temperature at (h(‘msc of the cloud is at }
the dew point. : '
Calculating the height of the cloud base involves two steps.
I Find the air temperature and dew pomnt at ground level. : > .
2. Find the height at which the air temperatyre (getting,
lower by 1°C cach 100 m) and the dew point (getting
lower by 1°C cach 550 mj arc equal, : ‘
4. . : ' . <3
Figure 5 shows a sample problem on a day when the
temperature at ground level is 26°C- and the dew point 1s - :
8°C. ' . _ EXCURSION 5-1 143

&

o




AR O\ Clouds form

(Al tamperature . Dew pomnt)

2200 4 1 e
' 2000 - 6 T
1800 _, 8
v * .-J :)”
:z; 1600 > 10
@
W 1« 19
f; 100 1
0 1200 14—
0 - o
2 T— 6°
= 1000 16 -
<C
s 800 18
% \ .
t;. 600 20 s -
¢! T
400 22. .
' L. ]
s 200 24 )
b S
§i' 00— 26 g° -
& Alr tamporature Dew pomnt
¥ (diops 1°C (drops 1° C
i Figure 5 por 100 m) cach 550 m)

k4

e e .

An casier solution than the.one shown in Figure 5 mvolves
A& . . . N . .
\ ’usmg a simple formuta. Here 1tas:

© Meight of

™

!32(-Tnn" - Td.x).) . t

N ] .

== pround level temperature of arr

cloud botom in meters

= ground fevel dew pomnt

(17. Using the formula, check the sample problem of IFig-
ure 3J. ’

>

[18. Calculate the height at which clouds could form today:.

o~
(Record your method, data, and conclusions in your Record
Book.) _ _ , . oo
[79. (Optional) Can_you derive the formula given for this |
. type of problem? " ‘
T o
\ L5%
' .
e " LA '
. ) . \ M
- s
*- ) S 3‘(‘-'§-94‘;?€‘;’:‘




Building a Nephoscope

o

A nephoscope s a device you can butld and use (0 measure
the forward motion of a cloud. You will need the !bilowing
materials: :

I

I watch, with sweep
sccond hand

I strip of masking

b sheet of black papey, cut tape (about 20 ¢m)
to the same size as the I marking pen (fine
glass panc . , point)

I centimeter ruler (or meterstick) ~| drawing compass

I panc of window glass,
approximately 21 em
X 21 em

W

S

Black '
paper

l . *

"ACTIVITY 1. Clearly mark a point near the center of the black

paper. With this point as center, use a compass to draw. a
‘circle of 5-cm radius.

v"l y
wagfe

.o
'
:
LN, TR
8

v

Cogpetdo
DN B
\ 'b’...é-} .

Excursion 5-2

Anothor way to
draw a circle
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146 EXCURSION 5-2

ACTIVITY 2. Tape the black paper with the pencil markimgs
next to the glass. They should be_visible through the glass.

T R

A
4 " Y ;.‘\’ )
—\’h’flég ?:{"&W R,

Sridds W alb el

s R

ACTIVITY 3. With the marking pen, trace over the pencil
markings so that the glass sheet is marked like the black

paper.

ACTIVITY 4. Place the nephoscope as near a window as pos-

sinie. or ir the open whers vou have 2 Clear view o tn2 sry.

~




7

Choose some clouds as neatly overhead as posstble. Stand

beside the ncplm.\mpc tm a poston from which you can see

the retlection of the clouds. You may need to prop one cdpe
of the ncpho.smpc on a book. Once You have this set up
(Figure 1), you are ready to make measurements. You will
nced the help of a partner,

Figure 1 Position 1 Position 2

C ey -

" EXCURSION 5-2 147
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ACTIVITY 5. First, select a clearly identitiable point on the
edge of a cloud. Position yourselt so that the retiection of
this point is at the center of the nephoscope.

b ’;- -
Position 1
' ACTIVITY 6. Then, without changing your position, have yQur

partner 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. Don’t change lhémposition of
your body until your parther measures'the height of your eye

above the nephoscope. (See Figure 1.) Record your data in
~ Table 1.

Position 2

EXCURSION 5-2 _ | :

~
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Table 1

P ' T
; “ - Distdnee moved by reflection’(d)
1 - -

{

- 0.008 meter

oo
oy
Lot

Tinte o move 5 om (1)

ce
e seconds

Heght ot cye ubove nephoscope (h)

v

e Mmeters

_" ,." i g i“\ Bl 1 ® 'l' R
b aal Esumated height of clouds (1) -

o s (See Exeursion 5-1.) g i | e e -
: EIRL N e Lty e L

1 T VS RN RN S woanhiled A ey

Do not forget to change your measurements of h and d

from centimeters T meters.

With a formula from geometry, you can use the measure-
ments you have just made to caleulate the distance traveled

by the clouds. ) -

Hoxd
P XY
h

DD = Actual distance traveled by cloud
H = Estimated height of cloud

d = Radus of nephoscope curele

h = Hecight of eye above nephoscope

|

v

EXCURSION 5-2
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L1 What s the distance moved by the chomed? — -
{ 12. Suppose the estimated hepht (b s 2000 meters, Whiit =

distance would the ctoud have moved it

urcements were the same as hetore?

all your other meas-

[ 13. How fast did the cloud move i meters/sec?

(Spccd = D«)
l 4

t

(7J4. Suppose you wanted to use this method to measute id

What would )'Gu need o know?

AY

speed of a jet aircraft.
this method of determinimg,

(5. How could you Improve
cloud speed?
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And the Rains
Came Down

/ ' -

Precjpllatio:m

/

Growth of -
Crystal or
Wi}(()l’ Droplot

[ /
P

Condensagion

/[

Q" Saturation

Cooling .

_Figure 1

“You have been studying a number of events that take, place
- 1p the atmosphere. All these cvents can lead to offg,other
occurrence that we associate with wczuh‘cr——prccipi!;llion.
+ - This precipitation can be in the form of drizzle, showers,
s snow,e sleet, or hail. It all depends on the temperature and
other conditions. -

Precipitation might be considcred the top rung of a ladder

~of events that occur in the air (Figure 1). © '
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Figure 3-

(

s chmb o rung S oCondensation. You have found dha
A must contim water vapor and some sohd lwn'm"lm ol
condensation to tahe place. When the temperature of the an
reaches the dew pormd, the Water vipor will condense on the
particle surfaces (dust, snphe, salt particles). Tguore 2 allus
tates the formation of a cumulus cloud Mot an s hited
aund then cooled. The cloud fors when the \dC\\' pomt s
reached and water bepins to condense on small parteles

(condensation nucler).

- Cloud droplets

-«

Dew Point Level -

The cloud consists of very uny dmpldx which we'll call
“cloud droplets)”

Figure 3 compares the stzes of a condensatton nucleus
(dust or salt), a cloud droplcl\ and an average-size taindrop.
An averagg, raindrop is so farge mmpaxul to the dmpldnmd
wndui.xal:on nuclet that we' can only show part o' i

Condensation
nucleus (dust) ...

~*ﬁ ‘." N
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pples ¢
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Now plance back at the Tadder m Frpure Loln order o

po up trom rung 5, Condensaton, to rung 7, Precipitation,
Growth (ranp 6) of the “cloud droplets™ must take place.
About one mulhon clowd droplets are needed for a small
raindrop to form! How does this happen? To ind ont; you
Tind a partner will need the followmng:

L oplastic straw - "«
Rubber tubimg, 2-foot fength
I puil ’
I comb : :

Scoteh tape or clay
Flat alumimum pie pan . o

ACTIVITY 1. Carefully punch a pinhole on one side only of
the plastic straw. Blocksup one end pf the straw with clay
or tape. (The ehd must be watertight.) Fasten the open end
of the straw to.the rubber tubing.-. ’ :

}Pin (cut pin hole,
do not cut through bottom)

Push clay in Plastic straw

'

ACTIVITY 2. Set up t~he apparatus as shown. The top supply
bucket should be about 2 full.

--—;,:::'::\\x
' 4 \w._ ~
’ Rubber < \\x 2
_ tubing T —\:l\ﬂ/ " | _Water
‘\
! . L
o i
> g 6 D
( ' Books
Plastic graw [GR
) Tray -« - wit/by’pin hole - ¥
-~ s . ~ -~ (~_J

Rubber tubing

EXCURSION 7-1
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ACTIVITY 3. Hold the straw lower than the water level in the

bucket. Suck on the pinhole untit waiter starts to flow. Hold
the straw in the pan so that the fountain is vertical.

Plastic
straw
with

pinholo\ Rubbor

tubing

Watyr

Straw is held
. bencaththe level
of water in the buckaot.

Pie pan

ACTIVITY 4. Observe the spray of water éareh_nlly. Pay partic-
ular attention to the size of the droplets. Now, while you hold
the straw, have your partner run a comb several times through

his hair, and then move the comb close to the spray. Move
the comb in and out several times.

Comb




rd

{11 What did you obserye happenmng when the comb way
brought close to the spray?

[ 12, What h:lppcncd to the size of the droplets when the

comb moved toward and away from the spray?

1130 Give your explanation of why the comb aflects the

water spray?

{14, Doces this invcslig*;ﬂion supgest what mieht canse tny

e ———

e

‘ .
S ey A e

>R

Eoa

4

e

———
AT D L
B

A

5
e

sty
s

.

nE it

o d

S

¢

cloud droplets to combine 1o form r;nmhﬂps? Explinn your
ANSWET,

The fricuon that results when o comb s run throuph dry

hatr produces an clectric (‘hzu'gc an the comb and the har,
This chas
ISCS. Electrie charge can produce a foree of attractign he-
tween objects. As you brought the charged comb near the
water spray, the droplets pmb;il)l)-’ mercased i oswze. Mol
reasonable o assume that this charpe was caused by the

g¢ has been deseribed.in detail in Volume 2 ol

S
(=

charge on the comb. Tiny droplets were attracted o each
other and combined into farper ones. Electrie charge also
X1sts in clouds. Therefore, it s reasonable to think that this
charge may causce the formation of ramdrops.

There is another factor in raimdrop formation that some

meteorologists think is cven more mportant than the DICs-
cnee of clectric charge. This tafor is the presence of ee
crystals inclouds. Figure 4 shows how the lemperature in
a cloud may vary. In large clouds extenging to high altitudes,

R .

-20°C

Freezing 0°C — ~ —~ - — - — — — . _ __ _ _ - — Freezing line

point
+10°C
' D€ Ice crystals

o Supercooled
droplets

|

185

Figure 4
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the temperature may be owell below the freeszmyp pomt of ..
water, The water droplets at aluntdes above the freczany, line
will be colder than the freezmye pomnt of water, and sull be
Igquid - These droplets are called “supercooled™ droplets.
Sone e crystals will also exst e the clowd T Jdroplet,
collides wuth an e crystal, the snpcu'oolul droplcet will
mimediately freeze on the suface of the wee coystal It thrs
process continuces, the we erystal may become heavy cmmgh
to fall through thé cloud. I the crystal tadls thiough warm
i it may melt and reach the pround as o vnndrop. 1 the
. crystal falls throngh air that s below freermng, the precipt
Ctation may be i the form of snow or sleet.
If you arc interested m dindimyg ont how hatl torms, take
a look at Excursion 7-2, “Cumulonimbus.”

npe
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Cumulonimbus Excur

This excursion should be done on o day when there ave
cumulus clouds. Figure tshows a typrcal display of cumulus
clonds. . : : Figure 1
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ACTIVITY 1. Go outside, lie on the ground, pick out a single
cumulus cloud, and observe it tor atleast three minutes. Then
select another cloud, and agamn, observe st tor three minutes.

| 1. Tast the changes you observed tor the two cumuluos

clouds.

[ 12, Compare and contrast the behavior of both clouds.

You learned carlicr in this umit that WA, Morst ot
rises, iowill cool. The water vapor will condense on tny sohd
surfaces, forming, a cloud. Cumulus clouds, with then pully,
heaping appearance, are formed where updiafts of most,
warm atr ocenr. You might have noticed that the clowds you
obscrved changed quie dramatcally. Perhaps the cloud
moved honzontally, broke apart faded away, or grew larger.
Generally these clouds don’ Last o long because the air
surroundmg them is usually quite dry. This dry airv causes
the cloud droplets to evaporate and become invisible water
VApOr. !

Some cumulus clouds, however, are huge and may last

long cnough to produce violent weather. Examples of these
clouds are shown i Figures 2 and 3.
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A 100PM.

You probably know that the clouds shown i Figures 2,
and 3 are comulonmmbus clouds. Perhaps you have seen
one recently. You may remember that wind, thunder, hight-
mng, ram, and perhaps even hatl may have been astociated
with 1. How does a cloud get so bip? What happens inside
these clouds to produce a violent thunderstorm?

ACTIVITY 2. Figure 4 shows drawings of the same thunder-
cloud at ditterent times. Using the vertical scale shown in the
photographs, determine the helght in feet, of the cloud at
each time.

B 2:00 P.M. C 3o00PM.

15,000 tt.

—

YT TV A TTFTTTI0T0TT

0 1. m

DR RRAERRERRAN

IERRRREARRARER

Figure 4
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[J3. How tall (from bottom to top) was the cloud at each
time interval? '

[J4. What was the rate of growth of the thundercloud?
(Hmt How many feet did it “*grow” per hour?)

Rising air in some thunderclouds may have upward speeds
of 60,000 to 100,000 feet per hour. At such speéds the air
may climb above the condensation level very rapidly. If the
surrounding air is relatively high in humidity, the cloud may
grow to 40,000 feet or more!

Inside the cloud, air moves violently up and/or down.
Figure 5 shows the nature of lhe air motion n a cumulo-
nimbus cloud. :
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) ) " . v r y
¢ 4
— 30,000
- 20.000
Downdraft
Downdraft
— 10.000
Heavy Light \
y Ground rain rain i
Figure 5
Notice that at. first the air motion 1s predominately an
updrafl. During maximum development of the cloud, the air
moves both in violent updrafts and in downdrafts. Finally,
the upward motion, which supplics the moisture, ceases, and
the cloud consists only of downdrafts. ‘
Let’s examine one important effect of the ups and downs ’
. of air in a cumulonimbus cloud. This effect 1s called hail. \
i Al/t}hough most hail is about pea size (§ inch), some hailstones °
.may be as large as tennis balls (24 to 3 inches in diameter).
A close inspection of hailstones reveals that they consist of ~
L a series of layers of ice in concentric shells. See Figure 6.
' Figure 6
]
‘ - ;
° . j
. 1
x
H
y :
i
%4 -
The formation of these ice layers requires the presence &
of strong updrafs. 7 o ¥
(18. Why do you think strong updrafts are necessary in _
forming hail? _ ) EXCURSION 7-2 161
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Woance crystal fallimg throueh the cloud s canght 1 an
updrate it can collect more droplets on sty surface. The crys-
tal then enlarpes. Near the top of the cloud, the foree of
the updraft decreases. The now Larper crystal falls again;
collecting more wee on s surtace. Mt hurled upward agan
by the updrafts, sull more 1ee collects.

[ 16. What would cause the halstone to fimally fall 1o the

carth?

Imagpine how strong the updralts must be o produce hail-
stones the size of tenms balls!
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Weather Prediction
and Forecasting

-Have you been wondering how meteorologists can predict
the weather from data like that shown in Table 17 How can
they combine several kinds of information to interpret and

Eicu rSion 7-3

forecast the weather? - e
Table 1
Wind Wind Cloud Cloud Pre- Bar. Rel. Dew
Day | Time | Tewmp Dir. Speed Type Cover cip. Pres. | Hum. Point
20 1:30 | 17°C S 8-12 | Stratus — 12990 | 5% | 13°C
21 2:05 20°C S B-12 Stratus — 29.88 83% 18°C
n 1:50 | 10°C N 25-31 | Cumulo- | O 15cm | 2981 | 100% | 10°C
nimbus

23 1:45 5°C. N 8-12 | Clear O — 29.92 29% | ~9°C
24 — — — — — — — — —
How wel can you interpret the data in Table 1?7 Can you

predict what the next day’s weather will be? Notice that the

data is for a four-day period. Data for a fifth day (the 24th)

is not included. You will try to predict this data. Study the

patterns in each column before trying to answer the following

questions.

K
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[71. What kind of frodf is moving across this area?

(712. 1f you knew that the center of high pressure was due

to arrive on.the 24th, prcdic( what would happcn to each

of the following quantitics just after it arnives. (Complete that

part of Table I in your Record Book.)

Tl-".MPl_{R/\}l_lRli (l_)rép greatly; drop shghtly; no change;
nse shghtly; nise greatly?)

HUMIDITY (Drop; stay the same; rise?)

CLOUDS (Stay clear; get cloudy; if so, what types?)

WIND (None; strong; light?) - . '

PRECIPITATION (None; some?)

Fortunately, the weather pattern shown by the data n
Table 1715 a fairly clear-cut case of frontal movement. The
air pressure dropped slightly and then rose rapidly just be-
fore the first part of thie high-pressure area arrived. The drop
in temperature shows that the high-pressure area was the
result of an advancing cold air mass. As the cold mass moved
ifito’ the area, the relative humidity rose, water vapor con-
densed into clouds, and ram fell. After the cold air mass
replaced the warm air, the air was clear, cold, and fairly still.

Most weather predictions, or forecasts, are for less than
48 hours. They are called short-range forecasts. Careful anal-.
ysis of the daily weather map (which you can obtain from
a daily newspaper) coupled with the observations you make
of temperature, pressure, humidity, and cloud type, will ena-
ble you to make 48-hour forecasts.

Table 2 describes signs to look for when making short-
range (48-hour) forecasts. "

ACTIVITY 1. For the next three days, continue to gather
weather-watch data. Each day, study your observations and
make a forécast of the next day’s weather. In addition to
making your own observiations, qonsult the daily weather map
posted in your roc;m, or look inXm_:r newspaper.
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Table 2 . ~
Weather i
Element Sign Probable Change in Weathar
Ramd drop Front approaching —ramn or '
SNOW I . .
p— v \_‘
Atr Pressure Rapid nse Front moving out —cleanng
and fair
,/ Steady Weather remains same.
Pufly, scattered Fair weather X
cumulus \ ‘
: Afternoon cumu- { Thunderstorms : . /
Clouds . /
lonimbus clouds T\ : /
Altostratus Warm front—no rain unless R
cloud type changes
-
Cool, clear day High pressure over region— -
. . . . . J‘/
with little ‘wind weather will probably remain -
D) - e . .
. fair.
Miscellaneous ’ . .
Sudden change Advancing or receding front >
. in wind direction

Your forecast should be recorded in your Record Book and
you may also want to post it on the chalkboard or bulletin
board, Try to in¢lude predictions of the tollowmg in your

forecast:
. 1. Cloudiness (increase, decrease, remain the ‘;dmc) -
2. Probable wind direction .
3. Probable wind speed
4. Barometer reading (falf! rise, remain thc same)
5. Probable cloud types - ‘
- 6. Probable temperature range .
7. Precipitation expected (amount and type) o EXCURSION 7-3 185
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EXCURSION 7 3

As cach day passes also make a note of your suceess. bven
with computers, abundant data, and numerouns observers,
prol( SSTOTY ll weather predictors often have a “battung aver-
age’ of nnly 60 T0%. A your pu(]ulmn\ are correct even
Lyalf the. ime, you are domg pretty well

You can-do your foreeast work at the same time that yogr |
are begimning, tlu next unit Try not to let ne yspaper or
“television wmtltex,toum\ts allect your own predRtuons! The
object of this Admty A5 1o tesp how well your, moch works
lm plt‘dldln{_’ Aot to make p({lfcdly accurate hmgcastq

ACTIVITY 2. (Opuor(ml) i yourare interested try maklng an
therule@fbrecast An extended lorecast is usually a weather
'Rredlctﬁxa’up to about a week in advance. Extended torecas\t’s
are 9o er@l forecas&. Therefore, you s'Y’)uld not be co

% etails as you were for the shaort range forecast.

be taqr, ¢
gt Tempe al for that time
of year)
Precipif ss rainy than normai for that
time of year) . o
Movement of fronts tthugh your area | S

-~ » v

, SR T

In order to gwc a. gemml forecast, you may want to find
out whatﬂthc normal lcmpmamrcs and puupltahon amounts
are for your focal ared. You inay also want to look at’
weather'gytellite photographs. 0( the clouds over the earth’s .
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