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1. Rockets and Missiles

. three, two, one, mainstage!”®

Another rocket blasts off toward space. It rises slowly
from its launching pad and then picks up speed, breaking away
with a deafening roar and leaving a trail of orange flame and
smoke. Within seconds the rocket penetrates the upper atmos-
phere. Tt climbs upward and onward, with an artificial satellite
cradled in its nose cone.@

Rockets have put dozens of satellites into orbit. In time,
they will lift man himself into space. Rocket-powered space-
ships will land man on the dusty plains of the moon. They
may take him to distant planets. These ships may even soar
into interstellar space, the domain of faraway stars.

It will be many, many years before rockets reach the stars.
But they are already achieving goals that are as important to
scientists as space travel itself. Rockets are serving as a pro-
ductive research tool for meteorologists and physicists. They
are answering many questions  about the upper atmosphere
and about phenomena in space. Rockets are also bringing
about new developments in engineering and electronics.

Rockets are important, too, as thrust units for ballistic mis-
siles, A missile has many advantages over ajet-powered bomb-
er, with its human crew of pilots, bombardiers, and gunners.
A missile rises from its launching site, then shrieks through
and beyond the atmosphere at an unbelievable speed. Within
minutes the coasting missile re-enters the atmosphere and
strikes a target thousands of miles away. It can hit a target

L1}
.
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with an atomic warhead.

Inside a big space-age rocket we find a complicated system

of mechanical parts and electronic circuits.
A big satellite rocket gets off the ground

the rocket is simple.

But, in principle,

in the same way that an ordinary skyrocket shoots upward.®

New Words

rocket ['rokit] n. k&

missile ['misail;'misoi] n. 534,
KA

mainstage ['meinsteid3] n#. %
4

blast [bla:st] vr. , vi. 5B, %
H4m

faunch [{lo:ntf] v.t. %4t

break [breik] vt v, FTRE. W
#

deafen ['defn] v.r. {4, HEVA
R

roar [ro:] n. WREEE  BEAE

trail [treil] #n. 23

orange ['orindz] ». #B¥&6

flame [fleim] n. k45

smoke [smouk] n. HFE

climb [klaim] v... 375, e

artificial [asti'fifol] . A&

satellite ['setolait] n. TLR

cradle [kreidl] n.; vr. EE,IE
BEERE

nose [nsuz] n. BF ;RN

cone [koun) n. [R5, EEHE

dozen ['dazn) n. —3T(+224%)

2

orbit ['ozbit] n. #3E

rocket-powered  ['rakit'pauad]
a. R KGR, LLRE A
0]

land [lend) n.v.e. Ridh, .. %
57

dusty ['dasti] a. ;G , KE
- 4:0]

plain [plein] n.

soar [so:] v.i. &%

interstellar ['inta‘stels] a. B FriY

domain [do'mein] #. FEHE, X
B

goal [gaul] n. Bz, B

meteorologist [mistjara'lodzist]
n BRTHE, SRER

thrust [Orast] n. ¥H

unit [‘junit} n. Bfy

ballistic [ba'listik] a. 8y

jet-powered ['d3et'pauad] a. 3%
AL 3hHL

bomber ['boma] n. kel

pilot ['pailot} . B4 i}

gunner ['gana) n. PLEEF

site [sait] n. G305



shriek [fritk} v.i. Zomy,wpmg

beyond [bi'jond] prep. f¥.. b,
...

coast [koust) v.i. {47

re-enter ['riz'ental v.t. Bkt
AT |

strike [straik] vir. f&di, s

target ['tazgit} .87, Bés

hit [hit] v.r. §id,divb s Fik

warhead ['wothed] n. gk, (&
) BB

mile [mail] 7. Mg, E

skyrocket ['skai'vokit] n. £,
ok A8 K

shoot [Ju:t] v.i., v.t. B5,B(E
) s HmOEA)

Phrasés and Expressions

blast off (i, BUE) KK
*®

launching pad 4§52, k54

pick up (fd) hn ,

break away Figi, %

dozens of ... &, KEE...
in time RE, BH K

space ship FH i

space-age rocket = H LR KN
get off EFF

)

‘R that M) pHET “in which”,

Notes

... three, two, one, mainstage!

B BNMAFETRIKTARFENIEXHAZ, =, —%Wh
B REL BHCSH . P 8, R AT RS

It climbs ypward and onward, with an artificial satellite
cradled in its nose cone.

EBRREm “withan ... cone” B—A TR AR, with 54
TS AEEE LEEEEXR, with EH-RERL, B

EiH. :

..in the same way that an ordinary skyrocket . shoots
upward:

4geh that B|HMR—REEEEIEN DY, BHNEOPRIAIE  way,
Hx4pphy the

- -same HPER,



2. The Skyrocket

A cardboard tube serves as the body for the skyrocket, the
kind® set off in Fourth of July celebrations. The fuel is gun-
powder. The gunpowder is packed inside a cylindrical com-
bustion chamber in the center of the tube.

Gunpowder is a mixture of charcoal, sulfur, and saltpeter
(potassium nitrate). The saltpeter serves as an oxidizer, or
oxidizing agent. An oxidizing agent contains oxygen. The oxy-
gen makes it possible for the fuel to burn®. Many of the space-
age rockets use oxygen itself as an oxidizer.

A fuse extends from the bottom end of the rocket, through
the conical nozzle, and into the gunpowder. When lighted, the
fuse burns quickly and ignites the gunpowder. As the gun-
powder burns, gases accumulate in the combustion chamber.
The expanding gases escape through the clay nozzle at the
rear of the rocket.

The skyrocket shoots upward and forward in a reaction to
the escaping gases. The force of the reaction is called thrust.
Another name for thrust is push. The reaction to the escaping
exhaust gases actually pushes the rocket off its launching pad.
Thrust is measured in pounds. The Atias, one of our big satel-
lite launchers, has a take-off thrust of 360,000 pounds.

Every rocket carries a payload, or cargo. The payload
of a skyrocket is made up of the chemicals that erupt into a bril-
liant display of “stars.” The payload of a ballistic missile is its
warhead. In a research rocket the payload consists of instru-
ments and radio equipment. The space rocket carries a satellite
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as a payload. The rockets that someday will put men into space
will have human payloads.

Properly constructed, a skyrocket is harmless. But its fuel
is a tricky mixture. Unless the ingredients are put together in
just the right proportions, the gunpowder explodes when
ignited. To burn without exploding, gunpowder must have an
extra measure of charcoal. It is not a safe fuel for a homemade
rocket.

New Words

cardboard ['ka:d'bo:d} n. FEHL
Fird

tube [‘tjub] n. B+

celebration [seli'breifon] ». B
e

gunpowder ['ganpaudo] n. 2
ke #j

pack [p=k] v.r. 3%

cylindrical [si‘'lindrikol] a. &
jiA: 0]

combustion [kem ‘bastfon] #n. #R
¥

chamber ['tfeimba} n. #fs

mixture ['mikstfs) z jB&(¥)

charcoal ['tJazkoul] n. KER,H&H
IR

sulfur ['salfo} n. R

saltpeter ['so:ltpiito) n. M,
A

potassium [po'tesjom] . £

nitrate ['naitreit] ». §48g
potassium ~ K i, HHEE

oxidizer ['oksidaizo} n. & {LFH,
ki)
fuse [fjuz] n. Bk#E(ERLK),5]

extend [iks'tend] v.i. &, 5

bottom ['botom] n. ()
~ end fERE

conical ['konikl] a. ¥

nozzle ['nozl] n. # M ;W

ignite [ig'nait ] v.2. SBR, K

accumulate [o'kjurmjuleit} v.z.
BE.BE

expand [iks'pend] v.e,vi. $-
7% gk

escape [is'keip] v.i.,n. 3KHE; HE
W, &l

clay fklei] z.,a. ¥t ;58 1 Ml
;0]

rear [rid] a.n. JSFEH;ER.R
=

exhaust [ig'zost] n., vt $HEX,
HEth



actually ['zktjuoli] ed. 955 1

launcher ['lomntfa] n. R §F3E

take-off ['teik of} n. #7%

payload ['peiloud] n. & %4
A

cargo ['ka:gou] n. B ;RER

chemical ['kemiksl] a. {L%Hy
~s n. L&

erupt [i'tapt] vi. mti; ek

brilliant ['briljont] a. £ JGEY,
P i)

display [dis'plei] . iz, &8,
B

research [ri‘sa:itf] n.ov.t. #%,

Mo
properly ['propsli) ad. 43E1h,
B
harmless [‘'ha:mlis] a. LERK
tricky ['triki]l a. {%ibfh, H &8
unless, [on'les] conj. FEA, Bk
ingredient [in'gri:djont] n. Bk}
HELER 57
proportion [propo:fen] n. Ll
explode [iks'ploud] v.i,v... ¥
safe [seif] a. L&y
homemade ['houm'meid] a H

i s 2Bl

Phrases and Expressions

sct off .. JRE, MERE)
oxidizing agent & {L7¥l

in a reaction to... fE...AYR$E
AT

Notes

(1) ..., the kind set off in fourth of July celebrations:
4yeh “the kind®’ ®#EfgY the skyrockets of the kind jX—

AN TR,
@ The oxygen makes ...

to burn.

A it HHREIE, AENRIENAEAEE for the fuel to
burn, for the fuel JA g (o burn FB#EiG,



3. Why a Rocket Works

All the rockets ever assembled — the fireworks skyrocket,
the ballistic missile, the big research rocket, the newest space
rocket — have one thing in common. They all work because of a
principle known as Newton’s Third Law af Motion. Sir Isaac
Newton (1642-1727), an English mathematician and philoso-
pher, laid down the principle more than two hundred years ago.

Newton’s third law of motion is simple enough. It states
that for every action there is an equal and opposite reaction, and
the two are along the same straight line.

The third law of motion is easy to demonstrate. Blow up a
toy balioon; then release its nozzle and permit the air to escape.
At the same time let the balloon fall freely from your hands.
1t flits helter-skelter about the room, but in the direction oppo-
site to the flow of escaping gas (air). The balloon’s forward
motion, you see, is a reaction to the escaping jet of air. If a
cardboard or paper cone-shaped nozzle is attached to the end
of the balloon, the reaction force is greater than if just the
rubber end of the balloon is used as the nozzle.

Perhaps you have heard someone say that a rocket moves
forward because the escaping gas is pushing against air. This
pushing-against-air explanation is wrong. The air behind a
rocket, or, for that matter, the air behind the balloon, has
nothing to do with the forward movement. In fact, a rocket
actually works better in an airless environment (a vacuum)
such 2s outer space than it does in the atmosphere®.

The air molecules making up the earth’s atmosphere create
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friction and tend to slow a rocket. In outer space a rocket
moves with no air molecules to hold it back or to interfere with
its exhaust®. Outer space is the ideal environment for rocket
vehicles; in our atmosphere a rocket’s efficiency is much fower
than it is higher up in space.

You can demonstrate Newton’s third law of motion with a
garden hose. Stretch the hose along the ground and then turn
on the water. As the water jets from the nozzle, the hose rises
up, much like a snake. The hose coils back in a reaction to the
escaping stream of water.

Another example of Newton’s third law of motion has noth-
ing to do with escaping gases or jet streams. But it relates to
the same principle. Suppose you are in a canoe that is not
anchored but is floating at a standstill in the middle of a lake.
Toss a rock or any other heavy object backward from the rear
of the canoe. As you hurl the rock, the canoe moves forward.
It lurches from a standstill in a reaction to the movement of the
outgoing rock.

Why do these reactions occur? It is perhaps easiest to under-
stand the reaction in the case of the toy balloon. The air which
is compressed within the balloon pushes from the inside with
equal pressure in all directions as long as the nozzle is pinched
between your fingers. When you open the nozzle, the air
escapes, but in only one direction. The pressure within the
balloon is no longer equal in all directions. As the compressed
air rushes out of the nozzle, the unreleased pressure inside the
balloon is greater than the pressure at the opening. The unre-
leased pressure on the wall of the balloon opposite the opening
pushes the balloon forward.



New Words

assemble [a'sembl] v.r. &, &l
e

furework ['faiowaik] n. X ,7E
o}

mathematician [m&0imo tifon]
n BETHE BER

philosopher {fi'losofa] n. T
fEH . BER

lay [lei] Qaid [leid]) v.r. #cs#l
iT

state [steit] n. B & vt &
ik

demonstrate ['demonstreit] v.t.
LB

blow [blou] v.t. Wk ()3T

toy {toil n. HrE

balloon [bohun} n. 3R

release [ri‘lizs) v.r,n B, &)
7

permit [pa'mit} v.r. #iF, 1k

fall {fo:l] (fell [fel], fallen ['fo:-
lon]) v.i. #¥E , & T

flit [Rit] v.r. €8, Kt

helter-skelter ['helto-'skelto] ad.
BRIk

flow [flau] v.in.

cone-shaped [ 'kaun-'feipt] a. &
3]

attach [o'teef} v.r. Bifn, % b

rubber ['rabo} n..a. %E (#)

perhaps [po‘heps] ad. {iF, kK

B

explanation [eksplo'neifon] n. §#
#,38)
wrong [rog) n..a.ad. 55128

[0

behind [bi‘haind] prep. #...J5
i}

environment  [in'vaisronmont]
n. B

vacuum ['vekjuom] n. HZ2

create fkriz'eit] v.f. /57, Q&
fal= 3

friction ['frikfon] n. EE#E(Jp)

tend [tend)} v.i. mF

hold [h:;uld} v.t. ﬁ;g;ﬁ

interfere {inta'fia] v.t., v.i. Fif,
g

ideal [ai'diol] a. B4R

vehicle ['vizikl} n. 2B H R

efficiency [i'fifonsi] n. 3%&E,%
b: 4

hose [houz] n. Bk (GRS

stretch [stretf] v.r. dide, @

turn [ta:n] v.t., vi. 98 %0

snake [sneik] n. i

coil {koil] v.i. #HK. FF&ER
%

relate [re'leit] v.t., vi. e & 5

canoe [ko'nu:} n. JhAH, /DAY

anchor ['®pks} »., v.2. &5 N4
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BRE JEH, R

float [flaut} v.i. BN 7R lurch [loztf] v.i. Z33%; %3)
standstill ['stend'stil] . {545, occur [a'ka:] vi. HBEL;E A

& Az compress [kom'pres] v.r. EHE
lake [leik] r. ] pinch {'pintf] v.r. Hefi
toss [tos] v.r. Jig B4ni gl finger ['fings] n. FH k)
rock [rok] 7. B Ak opening ['supnig] #. FA;H
hurl [hatl] v.t. B8 =)0

backward ['bzkwad] a.,ad. #

Phrases and Expressions

because of... HF...,EHlH... Yp)B4E Mk ATHE
(to) be known as ... #HHY... interfere with ..., 0553
lay down {illsg, s Eok turn on  #E, e A ORI, BT
blow up ... Wik, 30, KR BRIFXE)

sk turn off 3ei, LT ORI, Wil
flit about ¥k %3 IR E)

for that matter jpix 3 %1% relate to... 5. H¥E, HBE
have nothing to do with... & in all directions M A, ¥

EBEXR H#AH
hold (something) back {#f(i no longer AR

Notes

(1) In fact ... than it does in the atmosphere.
than FEEMRELBMD, A ay it does = a rocket works.

@ ... with no air molecules tohold it back or to interfere with
its exhaust:
.4tk with no air molecules = without any air molecules, }
JEB A 2 i1 to hold it back R to interfere with its cxhaust
10 W il 1T 0 45 370 air, MERYJE B EIE, i REE with ... exhaust
B~ FERIEHOE A
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4. A Reaction Engine

When a rocket is ﬁfed; hot gases spew from its exhaust noz-
zle. The reaction to this escape of gases, which are exerting
very great pressure inside the combustion chamber, propels
the rocket forward, just as the reaction to the escaping air
moves the ‘toy balloon forward. A rocket is a reaction engine.

A basic rocket engine has no moving parts. Yet it is a mis-
take to look upon the modern space-age rocket as altogether
simple. A modern liquid rocket is an ingenious mechanism of
turbines, pumps, valves, fuel systems, and electronic controls.

Technically, the term “rocket,” or thrust unit, applies only
to the engine and the propellant tanks of a missile or space
rocket — not to the total vehicle. The intricate controls and the
guidance system have little to do with the force needed for
getting a rocket off the ground. They are like power steering
and the human driver in automobiles. The engine runs without
them once it is turned on. But they add much to the vehicle’s
performance and safety.

New Words

fire [faio] v.r. 4m.. S8R, %5
(KE%)

spew [spju:] v.z., vi. {GH,WEH

exert [ig'zg:t] v.t. j{ﬁﬂﬂ(!ﬂ?ﬂ
) s R

propel [pra‘pel] v.r. #f:jk

basic ['beisik] a. HAf;TE

i

mistake [mis'teik] v.t., n. Fik,
IR IRE

ingenious [in'd3imjss] a. R15
i, FET5 1

mechanism{'mekanizm] #. FL#;;
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valve ['veaelv] n. @[]
technically ['teknikali] ad. ¥k
A L, fEHEAR BT
propellant [pra‘'pelont] n. #HE
i, AR
~ tank WS PARE

intricate ['intrikit] a. % 2%

guidance ['gaidens) n. B[Sl
S5 30

steering ['stiorin) »n. WHH;#

¥ 10t
add [ed) vz, B

Phrases and Expressions

as ... {..ER

look upon ...

...
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have little to do with ... H..
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5. Jet Propulsion

Ancther kind of engine is also a reaction engine. It is the
jet engine. Some airplanes and missiles use jet engines. It is
important to remember. that jet-powered missiles are not ' rock-
ets®. They behave much like rockets, but such missiles never
leave the atmosphere. They cannot function in airless space.

Both the jet engine and the rocket engine work as a result
of jet propulsion. That is, they both react to the force of an
escaping jet (a jet of gas). But there is an important differ-
ence between the two. The jet engine gets its oxygen from
the outside air. The rocket engine carries its own oxygen.

RAMIET Combustion chamber Igniter

=
Air Intake

Exhaust
TURBOPROP

Exhaust Air Thtak
Combustion Chamber . - Compressor  Air Intake
TURBOJE
= > : TAHINRREHURN 4
== x HHAA N [
%_. R e 480 -. XTI RARARIIU S N ~, mm

Exhauét i
Turbine  Combustion Chamber Compressor

There are three main types of jet engines: (1) the ramjet,
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(2) the turbojet, and (3) the turboprop.

The ramjet engine has no moving parts. It is so simple that
it is sometimes referred to as a ‘“flying stovepipe.” Another
name for the ramjet is athodyd. This name comes from the
term “aero thermodynamic duct.”

To keep the engine running, the airplane or missile rams
through the atmosphere at a high speed. Air pours into the
engine through a specially designed intake duct at the front.
The shape of the duct causes the air to be compressed.

The compressed air builds up a tremendous pressure. It
squeezes into a combustion chamber. In the combustion cham-
ber the compressed air mixes with a liquid fuel such as kero-
sene. An electric spark ignites the mixture. Flame holders
keep a flame going constantly. The holders prevent the swiftly
moving air from putting out the fire.

As the fuel burns, gases expand to fill the combustion cham-
ber at a high pressure. The compressed gases escape through
the exhaust nozzle at the rear, providing a powerful thrust that
drives the missile forward. The exhaust, you see, works like
the air escaping from a balloon. The unreleased pressure in-
side the combustion chamber is greater than the pressure at the
nozzle itself. Thus, the missile moves forward just as the balloon
did. ,
The ramjet engine functions only at high speed. In fact,
it operates best at speeds faster than sound(750 mph at sea-level).
The engine must move fast enough to compréés the air as it
flows through the intake duct. Airplanes and missiles powered
by ramjet engines use booster rockets to get them off the ground.
The rockets give the planes and missiles cnough speed to make
the ramjet engine workable.
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