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1. Heat

~  Im what way do the glass roof and walls of a greenhouse
act as a trap? Why must the builder of a steel bridge leave
room for the steel to expand 7O How can an electric current
be used to freeze water? Why are many furnace pipes wrapped
in asbestos? How can the same kind of thermos bottle keep
coffec hot and lemonade cold?®_ To answer such questions,
we must know about heat and its ways of traveling.

Heat plays a very 1mportant part in our. hves It is as
-important as air or food or water. If there is too. httle heat
we cannot live, On the other hand, too much heat lqlls us.

As you probably know, there are, circling a.tmmd the spa,
eight other planets somewhat like the earth.® You may have
wondered whether these other planets are inhabited. They are
all so far away that we cannot tell by looking at them.® ~ Bat
we can tell surely that no pedple like ourselves could live on most
of them, becaiise on most 'of them there is either far too much
heat or far too httle For example, on Mercury, the planet
closest to the sun, a piece of lead put out in the sunshine would
'melt Pluto, the farthest planet we know of, is so cold that,
if it has any water and air, not only the water but also the air
must be frozen solid.®

The planets that are too cold for living things are teo cold
because too little heat, fiot too much coldness, reaches them.
Coldness, or cold, cannot travel. It is absence of heat Just
as darkness is absence of hght When we make a room dark,
we do not put in darkness — we take away light. In the same
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way, when we cool anything, we do not put coldness into it
—Wwe take away heat. .

You have never seen or felt a;nytthg from which all the
heat had been removed. Scientists have worked for many
years trymg to make some material absolutely cold, ‘but so far
they have not quite succeeded.® There is some heat, probably
& great deal, in even the coldest thing you have ever seen or
felt. :

ﬁew Words

_roof [m'f] n, 5]}7 3 travel ['traevl] Vi., vt ety %
jgreenhousc ['gri: nhaus] n, @ ﬁ,ﬁ%ﬁ

s, wg&g - food [fu:d] n. g%
‘trap [trep] . BBk kil [kil] vr., vi. %m‘ (€ F

{mﬂder [*bilds] n. Eﬁ%‘,
CRDA |

‘voom [riim} 2,

expand [iks'pend] vt., vi. (ﬁ)

. BBk,

electnc [1 lektnk] a. lﬁﬂ‘], FE.
L

current [ kArant] n. ﬁ, (7](,' .
R NCHY -
freeze '[frizz} v, i ) &
KR o
furnace ['fornis] n. PR

‘Pipe [paip] n. BT, 5%

wrap [r@p] .vz., v

asbestos [#z' mm1 n. Ak

ooffee ['kofi] n. ymml

lemonade [leme'neid] n.  ##8
* .

7, 22 ()

W% %

3%
pmbably [!prsbabh} ‘ad. fﬂ'ﬁf
.

cifcle ['sorkl] v, vr, ek B8

planet ['plenit] n. 78 p

. somewhat ['ssmAwot] ad. %

AR
earth [EX 0] n i&ﬁ
wonde; {'wanda] vr.
3, BanE
whether ['hweds] conj. BZ
inhabit {in'habit] v. BT,
GEDWEBT

... B3

- surely ['juoli] ad. Fyk,—sk

Mercury ['me:kjuri] 7. %8

_ piece [phsl n gLk, ®

lead [led] n.” 4
sunshine ['sanfain] 7.
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.7 ) .« - cool: [kd:l] a.,;,vt:, vi, a‘,i&ﬁ;
melt [melt] vi., vt () 4k, - HEEBE .
- (L, (BB remove [ri'muzy] YL, vi. 34’1’
Pluto ['pluitou] . EEE (ﬁ)‘m‘?# (€. 2F- ¢/ X
frozen ['frauzn] a. ajcz;y;aﬁj %  scientist ['saiontist]} n, ﬁ%g

&y
solid ['solid] #. Ef# .
coldness ['kauldms] n. gy@ .
reach [rictf] v, vi. Blsk,68.
absence ['absons] n. AfE, ﬁ’k

i . -

.absolutely [ aebsalju tk] ad.

#
St -

qmte Lkwalt] ad ,,-,Q fw &
»ilﬁ:’_'i

succeed [sok’ s1.d] vi.

mﬂl

Phrases and EXPressionh

301 as ¥, ﬂ*% ﬁ YBE
leave room Eﬂiﬁfé](ﬂi’.fi)
electric current W |
furnace pipe P TFHIER )
thermos -bottle . $hk¥g . ..
know about (of) &EXTF... .
M EH
play ... part.in ... . ...

on the other hand %—-}jﬁ;

BRE
far away . ,xgh co i

o putcout Jib R
~ living things (beings) iy

put in (into) #B:. M

take W« &--hgﬂ;lgﬁ

for many. years. Y% 4 GH)

try to, (d()) && ‘*)p“lgi’
L HER | SRR o

s)’ﬁﬁ(‘éf) Y A
so far &4,k . ..

MR, Iiz

qther or..

S aweat deal KEMLRS
%ﬂ‘ ﬁ#,- MY L
Nntes

@ Why must ... leave room for the steel fo- expand"
' “for+&ﬁl(ﬁﬁﬂ%%f‘xﬁ;‘&”ﬁﬂﬁiﬁﬁﬁéﬁﬁo HEXL
BB XA SR EEEN, BERRARBRARE)
MY TFHIE, VREZREE, AR RS TIRE, XRERIRE. X
P A S e b~k Zetpeh W R . R RIE, REAR
W, kAP RREREASH for the steel to expand HHIA
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" i@ room, fEszZiE, AN,

it 2 B R A 2 B BRI B 2T B ¢

How ' can the sarfi¢ kind of thermos bottie keep coﬁ'ee hot
and lemonade cold?

#ﬂb&%ﬂ)ﬁﬁn find, agk, make, keep %ﬁﬁ#%*ﬁﬁ‘*%
15, MERE+-RIEINE. MBI —BE LR, BERA
R, AR REE. SAREFHRIENEMIMNEZHER

X EBREWEER, WEELEELE, WERBREE, Lk

keep F‘Eﬂﬁ’*i»ﬁﬁﬁm coffee hot iﬁ} lemonade cold g'ﬁj
TER

R $k ML 2 S ok (R R iR 1, Xﬁ%ﬁﬁ‘ﬁ*ﬂﬁ?fk&%r
As you probably know,, there are, circling around the sun,
eight other planets somewhat hke the earth.

4)h B2 4> 174518 “circling around the sun ﬁ!ﬂ exg'ht otﬁer
planets, iE%iFHEM,
ﬁﬁﬁﬁ#iﬁ—&%ﬁkﬁﬁ?ﬁ%ﬁbﬁﬁZﬁ, {EJ:&J‘P elght

‘bther planets JSIE 4 Jr 145 (somewhat) like the ‘earth fi

EHE, IR circling' around the sun KA LGIE (somewhat)
like the earth fj57, ﬂﬂgié}&% earth f5ElE, %ﬁﬂﬁ“ﬁ

BT, ETEY
AR B AA B OE KSR L AR R,

They are all so far away that we cannot tell by lookmg at
them.

49 (so'...) that 3!%%%&%».@; kIS by looking at
them #£5R4RIE, BBIIEIE cannot tell, Frf- looking - 42
W, by BxiE. 2ATiER: '
’Bﬁ](ﬁ@ﬁ&)%ﬁhﬁk?ﬂ!ﬁ#m,uﬁﬁﬂ‘ﬂ\‘ﬁé%ﬂﬁiﬁﬁﬁz'&.’lﬂ
LEEREH AR, '

" Pluto, the farthest planet we know of, is 5o cold that if it
_hias ‘any water and air, not only the watet but also the air

. mlflst ‘be frozen solid.

#+h the farthest planet # Pluto ﬁqﬁm we know of %

) KE&‘E‘L BIEEWE T %SGR AR that, )58 (o ...)



that B| S B REERRIENG, P XELE—4 1 if SIRMERE
REM, B5MiEER to know of (about) 5 to know A,
fidn: I don’t know the worker, byt I know of him. Ak
BEHTA BRI (RaE k.

Scientists have worked for many years trying to make some
material absolutely cold, but-so far they have not quite suc-
ceeded. . . . ) s . . b R e
A B EA W4IE trying to make ... JbPERERRRIE; BRR
— AP o 1E, WTIRIE i@ bave worked, JiHr some ma-
terial absolutely cold J make & A RiE. ' :



2. Heat, a Form of Energy

Air, food, water, and heat — these are.the four require-
ments of all living things. Of these, air, food, and water are
matefials:® Heat is not a material. It is a form f energy.
-~ People once' thought ' that heat' was a material. They
thought that it was an invisible fluid which cduld flow in and
out of other materials. It was spoken of as “caloric.” But
the idea of heat as an invisible fluid was given up a little more
than a hundred years ago.®

Every material takes up space. Every material has weight,
too. Heat is not a material, because it does not take up any
space and it does not weigh anything. No one could fill a
bottle with heat or weight out a pound of it.

But what does it mean to say that heat is a form of energy?
It simply means that heat can be used to do work. Anyone
who has seen a great locomotive pulling a long train of loaded
freight cars realizes that heat can do work, for it is the heat
from burning fuel that makes the locomotive run.®

Heat is only one of several kinds of energy. Among the
other kinds are electric enei'gy; light, chemical energy — the
energy that is stored up in such things as fuel and food — and
mechanical energy — the energy which objects have because
they are moving or because they are in a special position.

Other forms of energy can be changed to heat. We get much
of the heat that we need by burning fuel. When we burn fuel,
some of the chemical energy stored up in it is changed to heat.
In electric stoves electric energy is changed to heat. Whenever
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we strike a match, we-are using friction to produce heat. Fric-
tion is caused by the rubbing together of two surfaces. The
mechanical énergy of the moving surfaces is changed partly to
heat. : S

Our most 1mportant source of heat, however, is the sun.
If the sun were blotted out, all our other _ways of producmg
heat could not keep the earth warm enough to make life pos-
sible here.® The sun, most scientists agree, has been send-
ing out enormous quantities of heat for hundreds of millions
of years and will keep on doing so for hundreds of millions of
years to come.® Until recently the source of the sun’s heat
was a puzzle. Now scientists believe that it is atomic energy
produced much as atomic energy is produced tn a hydmgen,
or fusmn, bomb. '

New Words

requirement [ri'kwaioment] 7. mean [mi:n] vt #R..%E,

BEMER), R iR, HRE -
once [wans] ad. ##,—B .. . .simply [jsimpli] ad. {jHHl,
invisible [in'vizebl] a. FBAR {4

B, BIER , locomotive ['Iauka moutiv] 7
fluid [Auid] n, @ & ¥ KEAE

ity ‘ pull [pul] vt. #,%5|

flow [flou] vi. &ZH

caloric [ko'lorik] n.
L | _

idea [ai'dio] 7. BE&, W&

weight [Weit]'n. CEE

weigh [wei] vi.,, vt. B (FT);
BRoR

fill [61] vt. Fi%

pound [paund] n. B

B B

‘store [sto:] vz., Vi.
.mechanical [me'kenikol] @. HL

loaded ['loudid] a. ﬁﬁﬁm

frelght [freit] n. ¥y

car [ka:] . (RE)EF

realize ['riclaiz] vz. uiyﬁj T
W S

butn [bemn] ve. AL

fuel [fjusl] n. #¥

| o B o0
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g 1]
object [‘obdzikt] ».
special ['spefol] a. K¢BkfYy, #

Bl -
position [po'zifon] n. fi'E
need [ni:d] v. £ '
whenever [hwen'evs] conj. 4

& , T faf i
strike [straik] vt., vi.
RN¢ip)
match [metf] n. - K -
friction ['frikfon] n.  pEd
rub [ab] vt, B
surface ['so:fis] »n. W,
partly ['pa:tli] ad. 53
source [so:s] n. I, HE

however [hau'evs] ad ., conj.

- EiddafT, FEER

i, B

ik, &,

_quantity ['kwontiti] ».

blot [blot} vt.  ‘%i5

possible ['possbl] a. _WRERY,
TR R R

enormous [i'noxmas] a. Bk
- B, BEXH :

_ 2 %
i |

million ['miljon] num., n. H)5,
BHEA(ANE); BH T

until [on'til, an'til] prep., con]‘

- HAL.. A1k

~recently ['riisntli} ad. B,

b 3 ,
puzzle ['pazl] n. - %R, 1%, &
BOWE ,
believe [bi‘li:v] vr.
fysion ['fju:zon] 2.
B

B, Wb
Hefes (B

Phrases and Expresslom

flow in (into) WA

flow out of JA...J&H

speak of...as ... R L, 1B...
AEAh.. :ﬂéi‘ﬁ%

give up k3

a little . —g3(89), ¥ (1), 8%
- S : '

more than £F,kF, 1

a hundred years ago —F4E

B
take up 5%
fill ... with H...%i%...
weigh out FRil{{
freight car. g%
store up "7
electric stove Hyps
blot out EmE,IB... FRkE

‘Notes

@ Of these, air, food, and water are materials.
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L wof L FR “E-p R4Eh” RS, ¥EETHE, mate
rial HREPHER EXBEED BRER. '

But the idea of heat as an invisible fluid was given up a lit-
tle more than a hundred yeais ago. ' _

4J+h idea 41, of heat FAFELR, N a3 519M an
invisible fuid 3% heat FFRRLE ,; MR TR idea RIS,
jgheat FHE5EIE, an invisible fluid PEE heat- ﬂg%ﬂiﬁo L4
W & A

ﬁiﬂ#«ﬁf?(ﬁ%)aﬂ§Z¢LﬂbﬁﬂBi&—-ﬁz (ﬁi%) E—HEH
Bk % — MBI ABTRL BB T .

Anyone who has seen a great locomotive puiling a long train
of loaded freight cars realizes that heat can do woik; for it
is the heat from burning fuel that makes the locomotive run.
who has seen ... cars J2iEMA), BiB4HEiE anyone; 4rid
%iiE pulling a long train of loaded freight cars M{ERZIEN
AjppyseiE locomotive HMME; JEFIE A for CIE Yok kS
PLHI R4 IH IS realizes Ry, it is ... that B—AHRIALH,
Jib3RIEEIE the heat from burning fuel; AR, W " Sh:
The heat from burning fuel makes the locomotive run. A
Ah AR run $ERiE locomotive FME, EAER make
JiHE, EREMEHAERAA to,

If the sun were blotted out, all our other ways of producing
“heat could not keep the earth warm enough to make life pos-
sible here.

KA H R &, BRERGHRSREREARL, KA
iHiE#IA (were blotted out) MEAMiFiESDiE (could not
keep) #2 FIMMIIES; the earth warm {E keep MEAR
&, AR 4H5 to make life possible here HEEBERE LN
Bpig , Jorh life possible b make [HEAEE.

The sun, most scientists agree, has been sending out enor-
mous quantities of heat for hundreds of millions of years and
will keep on doing so for hundreds of millions of years to
come, ‘
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. most scientists agree %% A0, /S FE BMF: has been send-

ing out MGBMAESEREATHE, AXBRRGEHTEE—MT
Frhh kR BIIAE , 3 BB BT T &y to keep on (doing) #
TREBREE(-- )" Bs FRER to come fExEiF, 8] hundreds
of millions of years, '

Now. scientists believe -that it is atomic energy produced

N much as atomic energy. is produced in a hydrogen, or fusion,
bomb. ' .
. A RiE it Rk L4gh iy the source of the sun’s heat; 2

4»i@ produced FEEIEIEM, ¥iW] atomic energy; MBEIR as

. BIRHAREM, or B HEB, EHFMLIA fusion bomb
(BB,
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3. Three Effects of Heatvz
) o

Heating materials brings about in them changes .of many
different kinds. Three of these kinds of changes are so com-
mon that we see examples. of them almost every. day.® .

One of these kinds of changes we take for granted:: the
rise in temperature of a material that is heated.® We expect,
for example, that a piece of iron held in a flame will get hot.
... Anether kind of change is expansion. Expansion fneans
getting larger, or taking up more.space. A bridge is sure to
be a. few. inches' longer on a -hot summer day:than on a cold
winter day unless the bridge is built so that there is room between
the separate parts for the steel-of which they are made to ex-
’Wnd_@ : L T e

. The third kind of change is the changing of a solid to a
liquid or a gas, or .of a liquid to a' gas. For example; at the
top of a lighted candle the solid paraffin, heated by the flame,
becomes a liquid, -or melts.® Some of the liquid paraffin rises
in the wick and is changed to a gas at the center of the flame.
Such changes in a material are.called changes’ of state®

The effects of heat on materials can be understood more
casily if we know what scientists' believe about the “building
blocks” of which materials are made.® ‘

" Scientists believe that all materials, even the “solidest”
solid, are made of little particles called _molecule}s; These
particles are unbelievably small —so small that, with: enly
a few exceptions, separate€ ones cannot be seen. even -with -a
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powerful electron microscope.® A single thimbleful of air
is made up of about 27 billion billion air molecules.® The
molecules of a matdrial attract one another. The attraction is
greatest in solids and least in gases. In gases the molecules
are much farther apart than in liquids or solids.

~ Molecules are always moving, .In solids they do not move
far — for the most part they merely vibrate back and forth.
Each molecule keeps its. position among the other molecules.
In liquids the molecules move faster and more freely than in
solids. The molecules of a gas move still faster and more
freely. - - ' ' .

Now let us see what molecules have to do with ‘explaining
the effects of heat. When a material is heated, the molecules
of which it is made begin to move:faster. The molecules in
a hot iton rod are moving faster than.in'a cold iron rod. As
the -molecules of a material move faster; they move farther

. apart. The spreading apart of the molecules makes the material
expand, or take up more space.® If a solid is heated a great
deal, the molecules may move so fast and-so far apart that
the solid changes to a liquid or even to a gas. It melts in the
first case and evaporates in the second case. ¥ you heat a
liquid, the molecules may move so fast.and so far apart that
the liquid evaporates, or changes to a gas. ' Co

New Words

effect [i'fekt] 7. % B, B3 EH

oL, fER o almost ['o:lmoust, s:lmest] ad.
common ['komen] a. WA, LB, ERE

EEW ‘ : " rise [raiz] n. EFIME

example [ig'zarmpl] . HF, - temperature ['temporit{s] 7.
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;3
heat [hirt] n., vt., vi. $agim...
Indy BBk, Rk
expect [iks'pekt] vr. itk B
E,(ﬂ')ﬁ;uiﬁ' , '
hold Thould] (held [held]) vz
R, |
flame [fleim] n. K5, bR

expansion [iks'pznfon] n. B

ik, ¥ 3k
sure [fus] a. —ERY, HEMH
inch [intf] n. *&~}p »
unless [an'les] conj. #MER,

separate ['seperit] @. £ 3y,
v, R :

liquid ['likwid] n., a ¥t
) RS, W3

gas [ges] n. Sk

top [top] n. TH,3%, 0¥, LW
light [lait] vt. JRHI, A%
candle {'kzadl] n. ¥k
paraffin ['perafin] n. Ak
wick [wik] n. Ml ITE
center ['senta] n. Hi.», g -
state [steit] n. R

particle ['pastikl] n.  BrF, 8k

molecule ['molikju:l] n. 4% .

unbelievably. [ Anbi'li:vobli] ad.
FMELL AR5 3B

exception [ik'sepfon] n. fisp

powerful ['pausful] a. |k

. BE LS, B AH

electron [i'lektron] n. 7

microscope ['maikrasksup] 2.
B

single ['singl] @ i%—'H‘J, BA
AR

thimbleful ['Oimbl,ful] # 4%
i, st

billion ['biljon] num.
FiL, (FEEL

attract [o'trzkt] ve. BB

attraction [o'trekfon] n. BB
)] ' ’

least [lirst] a. (little [yEESR)
B/biy

father ffa:8s ad., a. (far f
PR Ein i, Eikhh

apart: [o'pazt] ad. 8% ; HEE

merely ['midli] ad. 4%, RA

(e39)

. vibrate [vai‘Bneit] Vi. ‘ﬁfs‘b ,§3

#oo A
forth [f2:0] ad.  J#f -
freely ['fri:li} ad: - § thith

- still [Stlu ad. B, ﬂﬂﬁ ” ({gﬁﬁ

HEIOE .

explain [iks'plein] vt B8, B
B o i

rod [rod] n, #F, %

spread [spred] v, vi. RRIF,
#ﬁf&ﬁ'

even ['irvon] ad. HF|(...H),
EC3),EEG.DE

evaporate [i'vaepareit] vi. &
R.ER '
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