


e LR T

The Telescope and Microscope

Bk RS kWM E

A SN




, KIEHHERRY
The Telescope and Microscope
RERS2 AN
. HRE TKE IR
Eog v it R
EWELR R 6T
L ¥ ¢ & LBETIRT
AB AR TR
FFAT8TX 092 132 EpRk2,25 ¥ 344,000

19794 s A LA 1979 %S & L @
g 110,008

455, 9188-39 E{T0.187



E OB H R

CBRES BMEIEE How It Works W35, 35 A
Bir . KBR (Roy Worvil) #5, 24N g BRESE
WEW e, RE, RARESRE A3 LRAA
WMEBTE T ERFERATEATE SR,
AATEAS—, —EREFE VYL RAA P ERE
REWARELHEHFWE. $PHAGRRNTE, 4F
FMEEREBRTETHE NEEFEEEHEE,
MTWAHAREREREF R IE LRTRE,
REFEG AR FRENFLE,

~ALLAEA TR




Conteinis

Two worlds 10 eXPlore wvvviriiviiiiiiinniiecicerrcreeees D

The first telescopes ... B NP
Galilco explores the heavens .oo.oivveiiiiii e e 7
The lens makes the picture «ovvvveeviivoneninn.. e O
Making a simple telescope ............. ceeens PR 12
Using the telescope oovviivie..... ceererean B 14
Isaac Newton’s mirror telescope ......ooocoeiviiiiiinenevnions. 16
The rival 1€lescopes vcvvevevrveniirenennnnn. PPN L
The big reflectors.......... ettt e 21
Other Kinds of teleScope vvvvuiininiriniii i 23
Mountings and aCCCSSOTIES ..vviveuiviiriviriieieneiieeaeiens, 26
Observatories and their work ..ol OO 28
The radio teleSCOPE ..oviiviarerniirrvriiiriiie e e

Binoculars  .ooiciiii e 32
The first microscopes ..... e s .36
The compound microscops ............. e e, .38
Microscopes of today ...coivvveneniaen. O 1
Binocular miCroSCOPES tvuvrrminrieriiticrii e e 4]
Using the MICrOSCOPE .ivveiriiiia i e, 45
Some objects for the microscope cererersniens SOOI 48
Prepaving slides: dry mounting «oovvvvvnv e, O£
Preparing slides: mounting in fluid ........ccoiiiiiiinns, 52
Microscopes and medicine ..o.vven.... s o8

° 1 .



The electron microscope
*

Vocabulary ..............

%k *

Tesrsvanrseen




LB ]
[aW
O
&)
[72]
=
5]
=
L
<
=




" Two worlds to explore!

How far can you see? The answer to this question
really depends upon what you are looking at>. On a per-
fectly clear, dark night3, if your sight is keen and there is
nothing in the way4t, you can see the light of a small elec-
tric bulb, or even a candle-flame, at a distance of several
milesS. The sun is an object of dazzling brilliance which
can be seen at a distance of more jthan ninety million miles,
though—jor the sake of one’s eyess—it is not wise to look
at the sun.” '

Even the nearest star is far more distant than the sun®
and, with the naked eye, we can see many whose light takes

hundreds of years to reach us®. High overhead on winter
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evenings in the northern hemisphere is a group of stars

called Andromedal® Among them is a faint wisp of light
which comes from the combined rays of a hundred thousand
million stars which make up the great Andromeda galaxy!!
This light takes about!? two million years to reach the earth.
It is the most distant object which can be scen with the
unaided eye'?.

A relescope cenables us to see things at vastly greater
distances even than this.!* A microscope enables us to look
into a quite different, but equally exciting, world of things
too small for the naked eyelS. In this book we shall explore
both worlds, the very big one shown to us by the telescope

and the very small one revealed by the mzcrosuop"l"
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The first telescopes

The earliest télescopes were made about the year 1608,
We cannot be sure who made the very first one.l” Glass
lenses were being used for spectacles before this timel!® and
two Englishmen, Roger Bacon (1210-1294) and Leonard
Digges (1510-1555) who both lived at Oxford, made many
experiments with lenses and mirrorst?,

It seems wvery probable, however, that the possibility
of the telescope was realized by a Dutch spectaclemaker
named Hans Lippershey, although a fellowcountryman of
the same trade, Zacharias Jansen, also claimed the credit.?®
The discovery was almost certainly the result of a simple
‘experiment using two lenses?, Distant objects suddenly
appeared to be nearer.?* This would obviously be very

useful in time of war, enabling an enemy to be watched at
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a distance?3,

Perhaps you have used a simple convex lenst as a
burning-glass®, collecting the sun’s rays and concentrating
their light and heat in a small bright spot?. This spot is
a very small picture, or image, of the sun. The distance
from the spot to the lens is called the focal length?? of the
lens.

An image formed in this way can be magnified by another
lens, of shorter focal length, and this is most conveniently
done by mounting both lenses in a tube®,

Some of the first telescopes were very long, as much as
150 feet?, in order to avoid the worst effects of rainbew-
coloured edges®, produced because a simple lens cannot

bring all the colours in sunlight to the same focal point3l.
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News3? about the wonderful new invention quickly
spread to countries outside Holland: to France, Germany
and Italy. In Venice it reached the ears of an Italian pro-
fessor of mathematics named Galilvo Galilei’®. He is usually
known by his first name34, Galileo, and it was he who first

gave the new instrument the name ‘telescope’®s, meaning
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an instrument to see things at a distance.

Galileo set to work?® to make a telescope for his own use.
It magnified only about three times, but it astonished the
noblemen of Venice as they suirveyed their city’s buildings
and ships from church-tower balconies®'.

After more experiments, Galileo succeeded in making
« much better telescope which magnified about thirty times?s,
and early in the year 1610 he began to look at the sky. He
made some surprising and important discoveries.

The landscape of the moon was seen to have mountain
ranges and craters great and small.3® The planet Jupiter
was found to have four smaller worlds, its satellites, revoly-
ing round it. The bright planet Venus showed a crescent
phase like the moon, and Saturn had something close o it
which the teleseope could not clearly showt®. Only later,

with the aid of better telescopes, was it possible to see
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Saturn’s spectacular system of rings4 The pale band of
light crossing the sky, which we call the Milky Way42, was
seen to come from vast numbers of stars.

The telescope had become an instrument for the dis-

coveries of science and not just a weapon of war.

The lens makes the picture

Our own eyes are rather like a telescope, and also like
a camera, in the way they work*}. They have a lens at the
front which collects light coming rom the object we are
looking at* and brings it to a focus c¢n the retina at the back
of the eye. This acts as a kind of screen, where the image,
or picture, is formed.*®* Like the image formed by the lens
of a telescope or a camera*®, it is upside-down. We see the

object the right way up because, in a wonderful way, our
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brain turns it round.4’
The large, front lens of a telescope is called the object-

glass®, or the objective. It is very much larger than the
pupil of our eye and so it collects much more light. A lens

of two inches diameter, for example'®, collects abour one
hundred times more light than our eye normally receives.
The light is bent5®, or refracted, as it passes through the lens
and brought to.a focus at a distance which is the focal length
of the lens. Here, as we have secn®, the image is made.
If we hold a sheet of paper at this point we can see the
image of an object, such as a distant light bulbs2, projected
on the screen of paperss.

The telescope also has a smaller lens of much shorter
focal length and placed just behind the focus of the objective
lens. This is the eyepiece and it gives a magnified view of
the object. It is sometimes thought that high magnification
is the most important thing about a telescope, but this is not

enfirely true. Astronomers, especially, may need very large
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lenses in order to see objects which are t0o faint or too

distant to be seen with small oness*, but they do not always

use high powers of magnification.
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HOW THE ORJECT LENS FORMS AN INVERTED IMAGE
In practice the focal length would be much greater than shown.
For simiplicity, two rays of light arc shown from the upper part of the bulb, but

in fact all parts of the lens receive light to form the image,
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