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signed to contain light; but the epithet megic must:
have been an invention of its first proprietors, who:
wished to impress the vulgar with the idea of magie:
or witcheraft. The ordinary magic-lanterns, how;
ever, are not constructed in this manner, and serv
to represent no other objects but figures painted o
glass, whereas this machine may be applied to ob:
jects of all sorts. )

It may even be employed for representing the:
smallest objects, and for magnifying the representa
tion to a prodigious size, so that the smallest fl
shall appear as large as an elephant; but, for this

purpose, the strongest light that lamps can give
far from being suflicient ; the machine must be dis
posed in such a manner that the objects may be illu-
minated by the rays of the sun, strengthened by 4
burning glass; the machine, in this case, changes
its name, and is called the Selar Microscope. I shall
have occasion to speak of it more at large in the
sequel.

8th January 1762,

Lerrer LXXXIL—Usze ann EFrECT OF A
sineLE CoNvEX LENS,

We likewise employ convex lenses for immediatel
looking through; but in order to explain _the%r dit=
ferent uses, we must go into a closer investigation of
their nature, ¢

Having observed the focal distance of such a glass,
I have already remarked, that when the object is
very remote, its image is represented in the focus
itself; but on bringing the object nearer to the lens,
the image retives farther and farther trom it: so that
if the distance of the object be equal to that of the
tocus of the lens, the image is vemoved to an infinite
distance, and consequently becomes infinitely great.
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_The reason is, that the rays OM, OM, (Prate
V1. Fig. 18.) which come from) the peint O, are re-
fracted by the lens, so as to become parallel to eack
“other, as N¥, NF; and as parallel lines are sup-
posed to proceed forward to infirdty, and as the
age Is always in the place where the rays, issuing
from one point of the object, are collected again
fer the refraction; in the case when the object
QA is equal to that of the focus of the lens, the

“Jlace of the image removes to an infinite distance;

7}‘,1!:1 as it is indifferent whether we conceive the
parallel lines NI and NF to meet at an infinite dis-
tance to the left or to the right, it may be said in-

differently, that the image is to the right or to the
Jeft infinitely distant, the effect being always the

same.
Having made this vemark, you will easily judge
vhat must be the place of the image, when the ob-
£ is brought still nearer to the lens.
“Let OP (PraTe VI Fig. 19.) be the object, and
its distance OA from the convex lens is less than
he distance of the focus, the rays OM, OM, which
Il upon it from the point O, are too divergent to
dmit of the possibility of their being rendeved pa-
allel to each other by the refractive power of the
s: they will therefore be still divergent after the
efraction, as marked by the lines NT, NF, though
ch less so than before; therefore, if these lines are
roduced backward, they will meet somewhere at o,
18 you may see in the dotted lines N o, N o, The
ays NF, NF, will, of consequence, after having
assed through the lens, preserve the same dirveetion
5 if they had proceeded from the point o, though
they have not actually passed through that point, as
only in the lens that they have taken this new
etion.  An eye which receives these vefracted
ays NF, NF, will be therefore affected as if they
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really came from the point o, and will imagine that
ihe object of its vision exists at 0. 'There will, how-
ever, be no image at that point, asin the preceding
case. To no purpose would you put a white tablet;
at g, it would present no picture there for want of
rays: for this reason we say that theve is an imagi-
nary image at o, and not a real one—the term ima-!
ginary being opposed to that of real. '

Nevertheless, an eye placed at E veceives the sam
impression as if the object OP, from which the rays;
oviginally proceed, existed at 0. Itis of great im-
portance, then, to know, as in the preceding cases,
the place and the magnitude of this imaginary image
op. As to the place, it is sufficient to remark, that
if the distance of the object AO be equal to the dis-
tance of the focus of the lens, the image will be at
an infinite distance from it; and this is what the pre-
sent case has in common with the preceding: but
the nearer the object is brought to the lens, or the
less that the distance AO becomes than that of the
focus of the lens, the meaver does the imaginary
image approach to the lens; though, at the same
time, it remains always at a greafer distance from
the lens than the object iiself.

To elucidate this by an example, let us suppose
that the focal distance of the lens is 6 inches; and
for the different distances of the object, the annexed
table indicates the distance of the imaginary image

o p.

- 'The rule for ascertaining the magnitnde of this
naginary image o p is easy and general ; you have
only to draw through the middle of the lens, marked
£, ;}nd th}'ough the extremity of the object P, the
vstraight line CPp; and where it meets with the
“line 0 p drawn from o at right angles with the axis
of t}le le.ns, you will have found the magnitude of
the Imagiary image o p: froim which it is evident,
_Itllat this image is always greater than the object
O P iteelf, as many times as it is farther from the
lens than the object O P, Jt is likewise evident,
- A.that this image. is not reversed, as in the preceding
ase, but upright as the object.
" You will easily comprehend, from what I have
ﬂ;}d, the benefit that may be derived from lenses of
his sort, by persons whose sight is not adapted to
he view of near objects, but who can see them to
more advantage at a considerable distance. They
have only to look at objects through 2 convex lens
in order to see them as if they were very distant.,
The defect of sight with respect to near objects oc-
urs usually in aged people, who consequently make
use of spectacles with convex glasses, which, exposed
~to the sun, produce the effect of a burning-glass, and
this ascertains the foeal distance of every Elass. Some
ersons have occasion for spectacles of a very near
oens, cthers_ of one more distant, according to the
tate of their sight; but it is sufficient forbmy pre-
ent purpose, to have given a general idea of the use
f such spectacles. -

12¢k January 1762,

If the distance of the Object The Distance of the Imaginary -
A Qi Tinage A4 0 will be

6 | Infinity

= | 30 Lerrer LXXXITI.—UsE anp EFFECT oF 4

4; lg : Coxncave LEwns.

>l s : You have seen how convex glasses assist the sight
T 7 and a i, f old people, by representing to them objects as at




248 USE AND EFFECT OF J.et. 83,

a greater distance than they really are; there are
eyes, on the contrary, which, in order to distinet
vision, require the objects to be represented as
nearer; and concave glasses procure them this ad-
vantage ; which leads me to the explanation of the
effect of concave lenses, which is divectly the contrary
of that of convex ones. )
When the object OP (Prare VL Fig. 20.), is
very distant, and its rays OM, OM, fall almost pas
rallel on the concave lens T'T; in this case, instead
of becoming convergent by the refraction of the lens,
they, on the conirary, become more divergent, pur-
suing the direction NF, NF, which, praduced back-
ward, meet at the point o; so that an eye placed,
for example, at E, receives these refracted rays in
the same manner as if they proceeded from the point
0, though they really proceed from the point O for
this reason, I have in the figure dotted the straight
lines N o, N o. St
As the object is supposed to be infinitely distant,
were the lens convex the point o would be what we
call the focus; but as, in the presect case, there is
no real concurrence of rays, we call this point the
imaginary focus of the concave lens; some authors
likewise denominate it the point of dispersion, be-
cause the rays, refracted by the glass, appear to be
dispersed from this point. .
Concave lenses, then, have no real focus, like the
convex, but only an imaginary focus, the distance o
which from the lens A o is, Lowever, denominate
the focal distance of this lens, and serves, by mean
of 2 rule similar to that which is laid down for con-
vex lenses, to determine the place of the image,
when the object is not infinitely distant. Now, thi
image is always imaginary, whereas in the case o
convex lenses, it becomes so only when the object i
neaver than the distance of the focus. Withou
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entering into the explanation of this rule, which
tespects calculation merely, it is sufficient to re-
mark :— '
1. When the object OP is infinitely distant, the
dmaginary image o p is represented at the foeal Jis-
tance qf the concave lens, and this, too, on the same
side with the object. Nevertheless, though this
image be imaginary, the eye placed at E is auite as
much affected by it as if it were real, conformably
to: the explanation given on the subject of convex
lenses, when the object is nearer the lens than its
focal distance,
2. On brigging the object O P nearer to the lens
ts image o p will likewise approach nearer, but in
such a manner, that the image will always be neaver
to the lens than the object is; whereas, in the case
.convex lenses, the image is more distant from the
Ds than the object. In order to elucidate this more

learly, let us suppose the focal distance of the con-
cave lens to be 6 inches.

~3f the Distunce of the Qbject | The Distance of the Fnuge o A
. 0Aj%s willbe
Infinite. | 6
30 | 5
12 | 4
G|3
3|2
2 | 1 and a half.

3. By the same rule you may always determine
e magnitude of the imaginary image o p.  You
aw from the middle of the lens a straight line, to
¢ extremity of the object P, which will p;ss thrcn,wh
e exiremity p of the image. For, since the line
‘A represents a ray coming from the extremity of
g object, this same ray must, after the refraction,
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pass through the extremity of the image; but, as
this ray PA passes through the middle of the lens, i

undergoes no refraction ; therefore it must itself pass

through the extremity of the image, at the point p.

4. This image is not reversed, but in the same
position with the object; and it may be laid down:
as a general rule, that whenever the image falls on
the same side of the lens that the object is, it i

always represented upright, whether the lens be |
convex or concave; but when represented on the.

other side of the lens, it is always reversed; and this
can take place only in convex lenses.

5. Tt is evident, therefore, that the images repre-.

sented by concave lenses are always smaller than the
objects ; the reason is obvious—the image is always

nearer than the object; you have only to look at

the figure to be satisfied of this tvuth, These ar

the principal properties to be remarked respecting:

the nature of concave lenses, and the manner in which
objects are represented by them.

It is now easy to comprehend how concave glass
may be rendered essentially serviceable to persons
whose sight is shori. Youare acquainted with some!
who can neither read nor write without bringing the
paper almost close to their nose. In order, therefore,
to their seeing distinetly, the object must be broug
very near to the organ of vision: I think I have fo
merly remarked that such persons are denominated
Myopes. Concave lenses, then, may be made of gre
use to them, for they represent the most distant o
jecis as very near; the image not being farther from
such glasses than their focal distance, which, for
most part, is only a few inches.

These mages, it is true, ave much smaller th
the objects themselves; but this by no means preve
distinctness of vision. A small object near, ma
appear greafer than a very large body at a distance
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In, fact, the head of a pin appears to the eye greater

than a star in the heavens, thongh that star far

.Q;gpeeds the earth in magnitude. °

. _Pe.rsons whose sight is short, or Myopes, have

ogeasion, then, for glasses which represent objects as
arer ; such are concave lenses. And those whose

ight is long, or Presbytes, need convex glasses, which
present to them objects at a greater distance.

16¢4 January 1762,

™ER LXXXIV.—Or arearent MaeNiTups,

T THE VISUAL ANGLE, AND oF MICROSCOPES
‘IN GENERAL, '

HAVE been remarking, that Myopes are obliged
make use of concave glasses to assist their vision
stant objects, and that Presbytes employ convex

glasses in order to a more distinet vision of such as

near;.each sight has a certain extent, and each
quires a glass which shall represent objects perfectly.
his.distance in the Myopes is very small, and in the
vesbytes very great; but there are eyes so happily
mformed, as to see nearer and more distant objects
qually well.
Nevertheless, of whatever nature any person’s sight
8y be, this distance is never very small: there is no
yope capable of seeing distincily at the distance of
. than an inch; you innst have observed, that
hen the object is brought too close to the eye, it
u very confused appearance; this depends on the
cture of the organ, which is such in the human
Jecies, as not to admit of their seeing objects very
ear, To insects, on the contrary, very distant
b:;ects are invisible, while they easily see such as are
garer, I do not believe that a fly is capable of
ing t.he stars becanse it can see extremely well
he distance of the tenth part of an inch, a dis-
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tance at which the human eye can distinguish abso
lutely nothing, This leads me to an explanation o
the microscope, which represents to us the smalles
object as if it were very great.
Tn order to convey a just idea of it, I must entrea
you carefully to distingnish between the apparent ant
the real maonitude of every object. Real magnitud:
constitutes the object of geometry, and is invariabl
as long as the body remains in the same state. Bu
apparent magnitnde admits of infinite variety, thoug
the body may remain always the same. The star:
accordingly, appear to us extremely sniall, thoug
their real magnitnde is prodigious, because we are
an immense distance from them, Were it possib
to approach them, they would appear greater; fro
which you will conclude, that the apparent magn
tude depends on the angle formed in our eyes,
the rays which proceed from the extremities of

ob%ct. e
et PO Q (Prare VI. Fig. 21.) be the object o

vision, which, if the eye were placed at A, woul
appear under the angle P A Q, called the visu
angle, and which indicates to us the apparent ma
nitude of the object; it is evident, on inspecting t
figure, that the farther the eye withdraws trom ¢
object, the smaller this angle becomes, and that it
possible for the greatest bodies to appear to us und
a very small visnal angle, provided our distang

from them be very great, as is the case with thy

stars. But when the eye approaches nearer fo |
object, and looks at it from B, it will appear un
the visual angle P B Q, which is evidently grea
than P A Q.  Let the eye advance still forward
C, and the visual angle PCQ is still greater. Far
ther, the eye being placed at D, the visual angle wi
be PDQ;: and on advancing forward to E
visual angle will be PEQ, always greatey
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eater. The neaver, therefore, the eye approaches
d.the object, the more the visual angle increases,
d.consequently likewise the apparent magnitude.
Towever smpll the object may be, it is possible,
pefore, to increase its apparent 1nagnitude at plea-
you have only to bring it s0 near the eye as is
sary to form such o visual angle. A fly near
ugh to the eye may, of consequence, appear
er an angle as great as an elephant at the dis-
nee of ten feet. In a comparison of this sort, we
st take into the account the distance at which we
pose the elephant to be viewed; unless this is
e, we affirm absolutely nothing ; for an elephant
Jipears great only when we are not very far trom it;
tithe distance of a imile, it would be impossible,
aps, to distinguish an elephant from a pig; and,
ransported to the moon, he would become abso-
ely invisible ; and I might affirm with truth, that
y appeared to me greater than an elephant, if the
er was removed to a very considerable distance.
cordingly, if we would express ourselves with
cision, we must not speak.of the apparent magni-
( of a body, without taking distance likewise into
e-acconnt, as the same body may appear very great
very small, according as its distance is greater or

ess, It is very easy, then, to see the smallest

dies under very great visual angles; they need
to be placed very close to the eye.
/[his expedient may be well enough adapted to a
but the homan eye could see nothing at too
all a distance, however short its sight may be;
les, persons of the best sight would wish to
ikewise the smallest objects extremely magnified.
¢ thing required, then, is to find the means of
abl}ng us to view an object distinetly, notwith-
anding its grent proximity to the eye. Convex
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lenses render us this service, by removing the image:
of objects which are too near. ;
Lé]t a very small convex lens M N be emplo}:ed.-_
(Prare VI Fig. 22,), the focal distance .Df whlch_
shall be half an inch ; if you place before it a sma
object O P, at a distance somewhat less than half an:
inch, the lens will represent the image ‘of itop, 24
far off as could be wished. On placing the eye;
then, behind the lens, the objept will be seen as 1E1E
were at 0, and at a sufficient distance, as if its mags
nitude were o p : as the eye is supposed very near
the lens, the visual angle will be p ¢ o, that is the
the same as P# O, under which the naked eye
would see the object O P in that proximity; but the
vision is become distinct by means of the lens : such
is the principle on which microscopes are constructedy

19tk January 1762,

Lerrer LXXXV,—ESTIMATION OF THE MAGNIP
TUDE OF OBJECTS VIEWED THROUGH TEE M
CROSCOPE.

WaeN several persons view the same objee
through & microscope, the foot of a fly, for example}
they all agree that they see it greatly magnified, bu
their judgment respecting the real magnimde will
vary ; one will say, it appears to him as large as tha
of o horse; another, as that of a goat; a th_u'd,
that of a cat. No one then advances any thing po
sitive on the subject, unless he adds at what distane
he views the feet of the horse, the goat, or the caf
They all mean, therefore, without expressing it,
certain distance, which is undoubtedly different ; con
sequently, there is no reason to be smrprised at th
variety of the judgments which thfay pronounce, &
the foot of a horse viewed at a distance, may ven
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well, appear no bigger than that of & cat viewed
near to the eye. Accordingly, when the question is

be decided, How much does the microscope mag-
nify an object? we must accustom ourselves to a
more accurate mode of expression, and particularly

- to specify the distance, in the comparison which we

ean to institote,

It is improper, therefore, to compare the appear-
ances presented to us by the microscope with objects
of another nature, which we are acenstomed to view
sometimes near, and sometimes at-a distance. The
most certain method of reguiating this estimation
seems to be that which is actnally employed by authors

“ who treat of the microscope. They compare a small
-object viewed through the microscope with the ap-
- Peatance which it would present to the naked eye,

on being removed to a certain distance ; and they
hiave determined, that in order to contemplate such a
all object to advantage by the naked eye, it ought
be placed at the distance of eight inches, which is
the standard for good eyes, for a short-sighted person
would bring it closer to the eye, and one far-sighted
would remove it.  But this difference does not affect
he. reasoning, provided the regulating distance be
tled ; and no reason can be assigned for fixing on
y other distance than that of eight inches, the dis-
ance received by all authors who have treated of the
bject, Thus, when it is said that a microscope
magnifies the object a hundred times, you ave to
derstand that, with the assistance of such a micro-
foope, objects appear a hundred times greater than if
i viewed them at the distance of eight inches; and
s you will form a just idea of the effect of a micro-
seope.
In general, a microscope magnifies as many times
as.an object appears larger than if it were viewed
thout the aid of the glass, at the distance of eight
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inches. You will readily admit that the effect:
surprising, if an object is made to appear even:
hundred times greater than it would to the naked
eye, at the distance of eight inches: but it hias bee
carried much farther; and microscopes lave been
constructed, which magnify five hundred times—a
thing almost ineredible. In such a case it might he
with truth affirmed, that the leg of a fly appears
greater than that of an elephant. Nay, 1 have full
conviction, that it is possible to construct microscopes
capable of magnifying one thousand, or even two
thousand times, which wounld undoubtedly lead o
the discovery of many things hitherto unknown.
But when it is affirmed, that an object appeal
through the microscope a hundred times greatel
than when viewed at the distance of eight inches, 1
is to be understood that the object is maguified a
much in length as in breadth and depth, so that eac!
of these dimensions appears a hundred times greater
You have only, then, to conceive, at the distance
eight inches, another object similar to the first, bo
whose length is a hundred times greater, as well 4
its breadth and depth, and such will be the imag
viewed through the microscope. Now, if the length
the breadth, and depth, of an object be a hundréd
times greater than those of another, you will easil
perceive that the whole extent will he much mar
than a hundred times greater. In order to put thig
in the clearest light, let us conceive two parallelogram
ABCD, and EFGH, (Prare V1. Fig. 23.) of th
same breadth, but that the length of the first, AB
shall be five times greater then the lengih of t
other, BF; it is evident that the area, or space cony;
tained in the first, is five times greater than thaf;
contained in the other, as in fact this last is containe
five times in the firvst. To vender, then, the para
lelogram A, five times greater than the parv

clogram EH, it is sufficient that its length AB be
ye times greater, the breadth being the same; and
f,‘_besules, the breadth were likewise five times
yeater, it would become five times greater still, that
five times five times, or twenty-five times greater.
(hus, of two surfaces, if the one be five times longer
nd five times broader than the other, it is in fact
enty-five times greater.
. If we take, fartheyr, the height or depth into the
geaunt, the increase will be still greater. Conceive
wo apartments, the one of which is five times
gnger, five times broader, and five times higher than
he other; its contents will be five times 25 times,
is, 125 times greater. When, therefore, it is
that a microscope magnifies 100 thmes, as this is
understood not only of length, but of breadth
and depth, or thickness, that is of three dimensions,
he whole extent of the object will be increased 100
imes 100 times 100 times ; now 100 times 100 make
10,000, which taken again 160 times malke 1,000,000;
thus, when a microscope magnifies 100 times, the
thole extent of the object is represented 1,000,000
imes greater. We satisfy ourselves, however, with
ying that the microscope magnifies 100 times; but
to be nnderstood that all the three dimensions,
mely, length, breadth, and depth, are represented
100 times greater, If then a microscope should
magnify a 1000 times, the whole extent of the object
ld beecome 1000 iimes 1000 times 1000 times
eater, which makes 1000,000,000, or a thousand
ons: a most astonishing effect! This remark is
cessary to the formation of a just idea of what is
said respecting the power of microscopes.
23d Junuary 1762,
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ta. twelve parts, called lines ; half an inch, ac-

Ol‘dlngly,_ coutains six lines: hence it would be easy
detern_nme how many times every lens, whose focal

\stance is given in lines, must magnify; according

o the following table:—

Focal distance of the lens in lines.

128 6. 4. 8 8 1 % lines
j}_}.lﬁes 8, 12. 16. 24. 32. 48. 96. 152 times.

Lhus a convex lens, whose focal distance is one
ne, magnifies ninety-siz f2mes; and if the distance

Lerrer LXX XV —FuNDAMENTAL PROPOSITION
FOR THE CONSTRUCTION OF SiapLE MIcROSCOPES,) -
Prax oF sosE Sareie MicroscoPes.

Havine explained in what manner we are enabl
to judge of the power of microscopes, it will be easy
to unfold the fundamental principle for the construgs
tion of simple microscopes. And here it may he
necessary to remark, that there are two kinds o
microscopes ; some consisting of a single lens, others
of two or more, named, accordingly, simple or coms half £ 1 : f . £l
" pound microscopes, mnd which require particula i A Z ine, the icroscope will magnify one kun-
elucidations. I shall confine myselt at present’ VEV an m"”’"f‘y‘t’f‘""a that is near two hundred times.
the simple microscope, which consists of a singlg LEE gr-eatel deﬁect still to be desired, lenses must
convex lens, the effect of which is determined by ,{: nstr ulc‘te d of a still smaller focus.* Now, it
following proposition: .4 simple microscope magnifies ; ee1; Aready r emarked, that in arder to construct
as many times as its focal distance is mearer thay S5 @ :}Llny -Ct:ll.taln given focus, if is only necessary
eight inches. The demonstration follows. ?:l HEE (he ltill ius of each face equal to that focal

Tet MN, (Prate VI Fig. 24.) be a convex lens 151 D,CEI,J s:;cl)l 12t the lens may become equally con-
whose focal distance, at which the object O mus 9%;;3“ a Ps1de‘s. I now proceed, then, to place
be placed nearly, in order that the eye may see:i ppre Y(Im( LATE VI Fig. 25.) the form of some
distinctly, shall be'C O; this objeet will be perceived: NE,S;EI e};:fl'e” oV TICTOSCOpeS i— .
under the angle O C P.  But if it be viewed at th 0., e ;e focal distance of this lens A O is one
distance of eight inches, it would appear under gy T m?é twe ge lines. This microscope, therefore,
angle as many times smaller as the distance of eigh 1 o, fIS EITgl t t%mes.l. . .
inches surpasses the distance CO: the object wil ioht line ,Il.i oca .dlstﬂnﬂe of the lens M N is
appear, therefore, as many times greater than if{ %Nb - II; Thgls fnucll-af_cope magnifies twelve times.
were viewed at the distance of eight inches, Now, Tine e aca distance of the lens M N is
in conformity to the rule already established, o iV ,1,1}115 1};‘10;35'219136 magnifies sixtcen times.
microscope magnifies as many times as it presen s and s che ocal distance of this lens is four
the object greater than if we viewed it at the distane i?; 4nd such a microscope magnifies twenty-four
of eight inches. Consequently, a microscope ma g . ) : . .
fies n3 many times as iCtls focgrl distance ispless g.l O;n;gk_ The focaji i;lilstapqe here is three lines.
eight inches. A lens, therefore, whose focal roscope magnifies thiriy-two times.
tance is an inch, will magnify precisely eight tim
and a lens whose focal distance is only hailf an incli
will magnify sixteen times. The inch is divide

Lenses have heen groued and polished Laviog ouly a focal length of

ﬁftie%l of an incl, consequently their magnifylng power is 400
—Eb.
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No., VI. The focal distance here is two linesi
This microscope magnifies forty-eight times. g
No. VIL. The focal distance of this lens is only
one line; and such a microscope magnifies ninety=
six thmes. ]
It is possible to construct microscopes still mu
smaller. They are actually executed, and mmnch
more considerable effects are produced; whene
must be carefully remarked, that the distance of the

object from the glass becomes smaller and smalle
as it must be nearly equal to the foeal distance’
the lens. I say nearly, as every eye brings the glass
closer to it, somewhat more or less, according to it§
formation ; the short-sighted apply it closer, the fa
sighted less so. You perceive, then, that the effec
is greater as the microscope or lens becomes smalle
and the closer likewise the object mnst be applie
this is a very great inconvenience, for, on the o
hand, it is troublesome to lock through a glass-
very small; and, on the other, because the obje
must be placed so near the eye. Attempis ha
been made to remedy this inconvenience by a prop
mounting, which may facilitate the use of it ; but ¢
vision of the object is considerably disturbed ai
soon as the distance of it undergoes the slight

change : and as in the case of a very small lens, the

object must almost touch it, whenever the surface.g
the object 1s in the least degree unequal, it is seej
but confusedly. For, while the eminences are view
at the just distance, the cavides, heing too far rem
ved, must be seen very confusedly. This renders
necessary to lay aside simple microscopes when Wl
wish to magnify very considerably, and to ha
recourse to the compound microscope.

26¢h January 1762,
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TrER LXXN X VI —LiMiTs AND DEFECTS oF
THE SIMPLE MIcroScopE,

¥You have now seen how simple microscopes may
be' constructed, which shall magnify as many times
-4 ma})ir be desired ; you have only to measure off a
ht line of eight inches, like that which I have
iatked A B* (Prave VI, Fig. 26.), which contains
precisely eight inches of the Rhenish foot, which is
Mhe' standard all over Germany. This line A B
st then be subdivided into as many equal parts as
2 spond to the number of times you wish to mag-
ify the object proposed, and one of these parts will
give the focal distance of the lens that is requisite,
hus, if you wish to magnify a hundred times, you
ust-take the hundredth part of the line A B, con-
atly you must constuct a lens, whose focal
Stance shall be precisely equal to that part A 1,
hich will give, at the same time, the radius of the
ces of the lens represented in No, VIL of the
¢eding figure, Hence it is evident, that the
ater the effect we mean to produce, the smaller
st-be the lens, as well as the focal distance at
fiich the object O P must be placed before the lens,
& the eye is applied behind it: and if the lens
€ to, be made twice smeller than what I have
described, in order to magnify two hundred
€5, it would become so minute, as almost to
e & microscope to see the lens itself; besides,
ould be necessary to approach so close, as almost
ouch the lens, which, ag I have already observed,
d be very inconvenient. The effect of the mi-
ope, therefore, could hardly be carried beyond
hundred times; which is by no means sufficient

heing impossible bere to insert a straight lae of eight inches, one
ot length i employedl, for the purpose of Mustration,
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for the investigation of many of the minuter produc
tions of nature. The purest water contains small
animalcules, which, though magnified two hundred
times, still appear no bigger than fleas; and 2
microscope which should magnify 20,000 times,
would be necessary to magnify their appearance 1
the size of & rat; and we are far from reaching thi
degree, even with the assistance of the compou d
microscope, T

But besides the inconveniences attending the ug
of simple microscopes, which have been alvead
pointed ont, all those who employ them with a vie
to very great effect, complain of another considera
defect; it is this—the move that objects are magnified
the more obscure they appear ; they seem as it viewe
in a very faint light, or by moonlight, so that
can hardly distinguish any thing clearly. You wilk
not be surprised at this, when you recollect, that
light of the full moon is more than two hundr
thousand times fainter than that of the sun.

It is of much importance, therefore, to explai
whence this diminution of light proceeds. We e
easily comprehend, that if the rays which proc
from a very small object must represent it to us §3
if it were much larger, this small quantity of ligh
would not be sufficient. But however well foun
this reasoning may appear, it wants solidity, ar
throws only a false light on the question. For if
lens, as it proceeded in magnifying, necessarily
duced a diminution of clearness, this must likes
be perceptible in the smallest effects, even syp;
posing it were not to so high a degree; but yo
may magnify up to fifty times, without perceiv
the least apparent diminution of light, which, h
ever, ought to be fifty times fainter, if the reas
adduced were just. We must look elsewhere, th
for the cause of this phenomenen, and even res
to the first principles of yision.
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Frord

-1 must entreat you, then, to recollect what I have
plready suggested respecting the use of the pupil, or
that black aperture which we see in the eye at the
iniddle of the iris. It is through this aperture that
the rays of light are admitted into the eye; accord-
Ingly, the larger this aperture is, the more rays are

dmitted. “We must here consider two cases in

Which objects are very luminous and brilliant, and -

in which they are illuminated by only a very faint

light. In the first, the pupil contracts of itself, with-

out any act of the will; and the Creator has bestowed
n it this faculty, in order to preserve the interior of

the eye from the too dazzling effect of light, which

ould infallibly injure the nerves. Whenever, there-
e, we are exposed to a very powerful light, we
bserve that the pupil of every eye contracts, to
revent the admission of any more rays into the eye
han are necessary to paint in it an image sufficiently
nminous. But the contrary takes place when we
re in the dark; the pupil in that case expands, to
dmit the light in a greater quantity. This change
5 easily perceptible every time we pass from a dark
o a lnminous situation, With respect to the subject
efore us, I confine myself to this circumstance, that
lie more rays of light ave admitted into the eye, the
more luminous will be the image transmitted to the
etina; asnd reciprocally, the smaller the quantity of
ays which enter the eye, the fainter does the image
come, and, consequently, the more obscure does
L appear. It may happen, that though the pupil is
bundantly expanded, a few rays only shall be ad-
mitted into the eye. Yon have only to prick a little
dle in a cord with a pin, and look at an object
ough it; and then, however strongly illuminated
the sun, the object will appear darl{ in propor-’
n as the aperture is small; nay, it is possible to
ook at the sun itself, employing this precantion. The
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tclescope may perhaps be acceptable. These two
istrmnents have a very intimate connexion ; the
& greatly assists the elucidation of the other. As
roscopes serve to aid us in contemplating nearer
bjects, by representing them under a much greater
igle than when viewed at a certain distance, say
ght.inches ; so the telescope is employed to assist
. observation of very distant ohjects, by repre-
senting them under a greater angle than that which
iey present to the naked eye. Instruments of this
ont.are known by several names, according to their
ize and use; but they must be cavefully distin-
ished from the glasses used by aged persons to
elieve the decay of sight.
A telescope magnifies as many times as it repre-
ents objects under an angle greater than is pre-
ented to the naked eye. The moon, for example,
ears to the naked eye under an angle of half a
pgree, consequently a telescope magnifies 100
imes when it represents the moon under an angle
Efifty degrees, which is 100 times greater than half
degree.  If it magnified 200 times, it would re-
sent the moon under an angle of one hundred
egrees; and the moon would, in that case, appear
All more than halt' of the visible heavens, whose
ole extent is only 180 degrees.
In common language, we say that the telescope
rings the object nearer to us. 'This is a very equi-
ocal mode of expression, and admits of two different
ignifications. The one, that on looking through a
elescope, we consider the object as many times
earer as it is magnified. But I have already re-
arked, that it is impossible to know the distance of
bjects but by actual measurement, and that such
medsurement can be applied only to objects not
eatly remote ; when, therefore, they are so remote
:is here supposed, the estimation of distance might

reasou is obvious, a few rays only are admitied me
the eye: however expanded the pupil may bg,.ﬂ}
pin-hole in the card determines the quaniity of ligh
which enters the eye, and not the pupil, whic
usually performs that function. )
The same thing takes place in the microscope
which magnify very much ; for when the lens is e?;‘
tremely small, a very few rays only are Eransmltteda.i
as m n (Prate VI Fig. 28.), which being smaf.l?r
than the aperture of the pupil, make the object:
appear so much more obscure; hence it is evider
that this diminution of light takes place only whe
the lens M N, or rather its open part, is smaller tha
the pupil. If it were possible to produce a great
magnifying effect, by means of a greatfﬂr_lens, this
obseurity would not iake place; and this is the tr
solution of the question. In order to remedy th
inconvenience in the great effects of the micro:
scope, care is taken to illuminate the object as strongly
as possible, to give greater force to the few rays
which are conveyed into the eye. To this effect
objects are illuminated by the sun itself; mirror}
likewise are employed, which reflect on them tl}f:
light of the sun. These are nearly all the cirenni:
stances to be considered respecting the simple mi
croscope, and by these you will easily form a judg :
ment of the effect of all those which you may have®

occasion to inspect.”
30tk January 1762,

Lerrer LXXXVIIL—Ox TELESCOPES, AND
THEIR EFFECT.

Brrore I proceed to explain the constraction g
compound microscopes, a digression respecting th

+ For un zccount of various improvements on the Single Micrascope, il
seader is referred to the urticle Optics, i the .E'r_I.mbmgh FEueyclopeedi
vol, xv. p. 681., and Ferguson's Lectures, yol. ii. p. 284.—En.




206 ON TELESCOPES, - Let. 88 . :
| = “Let. 89. OF POCKET-GLASSES, 297
greatly mislead us. * The other signification, which : '
conveys the idea, that telescopes represent objects a3
great as they would appear if' we approached nearer
to them, is more conformable to truth, You know;
that the nearer we come to any object, the greater
becomes the angle under which it appears; this
explanation, accordingly, reverts to that with which
I set out. "When, however, we look at well-known
objects, say men, at a great distance, and view them
through a telescope under a much greater angle, we
arve led to imagine such men to be a great deal nearex;

rately magnily beyond zen times; but the usual tele-
eopes employed for examining very distant terrestrial
bjects magnify from twenty to thirty times, and their
length amounts to six feet or more, A similar effect,
though very considerable with regard to terrestrial
objects, is a mere nothing with respect to the hea-
~ yenly bodies, which require an effect inconceivably
greater. 'We have, accordingly, astronomical tele-
scopes, which magnify from 50 to 200 times; and it
-would, be difficult to go farther, as according to the
as in that ease we would, in effect, see them under usual _lIlOCle of construciing them, the greater the
an angle so much greater. But in examining effect is, the longer they become. A telescope that
objects less approachable, such as the sun and moon; ~ $hall magnify 100 times must be at least 80 feet long;
no measurement of distance can take place. This nd one of 100 feet inlength could scarcely magnify
case is entirely different from that which I have fo 00 times. You must be sensible, therefore, that
merly snbmitted to you, that of a concave lens the. difficulty of pointing and managing such an un-
employed by near-sighted persons, which represent wieldy machine, must oppose insurmountable ob-
the images of objects at a very small distance. The stacles to pushing the experiment farther. The famous
concave lens which I use, for example, represents td - - Hevelius, the astronomer at Danizic, employed te-
me the images of all remote objects at the distance legcopes 200 feet long; but such instruments must
of four inches; it is impossible for me, however, to ndoubtedly have been very defective, as the same
imagine, that the sun, moon, and stars, are so near: amgs are now discovered by instrmments much
accordingly, we do not conclude that objects are shorter. )

where their images are found represented by glasses This is & brief general description of telescopes,
we believe this as little as we do the existence a nd of the different kinds of them, which it is of
objects in omr eyes, though their images are painted Tmportance carefully to remark, before we enter into
there. You will please to recollect, that the estimad detail of their construction, and of the manner in
tion of the real distance and real magnitnde of which iwo or more lenses are nnited, in order to
objects depends on particular civenmstances. toduce all the diffevent effects.

The principal purpose of telescopes, then, is to ins v 2d February 1162,

crease, or multiply, the angle under which objects
appear to the naked eye; and the principal division o
telescopes is estimated by the effect which they pro-
cure. Accordingly, we say such a telescope magnifies
five, another ten, another twenty, another thirty timesy
and so on.  And here I remark, that pocket-glasses

Lerter LXXXIX.—Of PoCKET-GLASSES.

WE have no certain information respecting the

rson to whom we are indebted for the discovery

the telescope ; whether he were a Dutch artist, or
N2
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an Italian of the name of Porta.* Wlhoever hie was
it is almost one hundred and fifty yeavs since smal
pocket-glasses were first constructed, composed-o
two lenses, of which the one was convex, and th
other concave. To pure chance, perhaps, a discd
very of so much utility is to be ascribed, Tt wi
possible, without design, to place two lenses neare
or tavther from each other, till the object appear
distinetly.

The convex lens PAP (Prare VI. Fig. 2
divected toward the object, and the eye is applied to:
the concave lens QBQ; for which reason, the lén
PAP is named the olject-glass, and QBQ the eyé
glass. 'These two lenses are disposed on the sam
axis AB, perpendicular to both, and passing throug
their centres. The focal distance of the convex lep
PAP must be greater than that of the concave ; ai:
the lenses must be disposed in such a manner, tha
if AF be the focal distance of the objective PAP,
the focus of the eye-glass QBQ must fall at the sam
point F ; accordingly, the interval between the lenss
A and B, is the difference between the focal dist
ces of the two lenses, AF being the focal distanc
the object-glass, and BI that of the eye-glis
When the lenses are arranged, a person with gdo
eyes will clearly see distant objects, which will apped
as many times greater as the line A¥ is greater tha

BF. Thus, supposing the foeal distance of the objed
glass to be six inches, and that of the eye-glass on
inch, the object will be magnified six times, or

appear under an angle six times greater than whe
viewed with the naked eye; and, in this case, th

interval between the lenses A, B will be five inchéé}
which is, at the same iime, the length of the instr

# If the telescope was not actually invented by Roger Bacon, or T.etna
Digges, they at least construeted eombinations of lenses and mirrors, whi
protuced the same effect.—Ep,
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ment, There is no need to inform you that these

ifo lenses are cased in a tube of the same length,
though not thus represented in the figure.
Having shown in what manner the two lenses are
be joined together in order to produce a good
nstrument, two things must be explained to- you:
the one, How these lenses come to represent objects
igtinctly ; and the other, Why they appear magni-
fied as many times as the line AF exceeds the %.ine
BE.  'With respect to the first, it must be remarked,
13t 'a good eye sees objects best, when they are so
stant that the rays which fall on the eye may be
idered as parallel to each other.
Let us consider, then, a point V (Praze VI, Fig.
,).in the object toward which the instrument is
cted, and on the supposition of its being very -
ant, the rays which fall on the object-glass PQ,
A, PQ, will be almost parallel to each other ; ac-
rdingly, the object-glass QA Q, being a convex lens,
ill collect them in its focus F, so that these rays,
@ convergent, will not suit & good eye. But the
neave lens at B having the power of rendering
e rays more divergent, or of diminishing their con-~
'%ency, will refract the rays QR, QR, so that they
all become parallel to each other; that is, instead
of meeting in the point F, they will assume the
divection RS, RS, pavallel to the axis BF. Thuns
ood eye, according to which the consiruction of
e is always regulaied, on receiving these parallel
RS, BF, RS, will see the object distinctly.
‘he.rays RS, RS, become exactly parallel to each
iher, because the concave lens has its foeus, or
ather its point of dispersion, at F.
sYou have only to recollect, that when parallel
ys fall on a concave lens, they become divergent
refraction, so that being produced backward, they
et in the focus. This being laid down, we have
“only to reverse the case, and to consider the rays SR;
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arallel to each other, become convergent by a con-
ex lens; and afterwards, the concave lens destroys
tils convergency, and again renders the rays parallel
ig.each other.

s 6tk February 1162,

SR, as falling on the concave lens: in this case itds
certain they wonld assume the directions RQ, RQ
which, produced backward, would meet in the poin
¥, which is the common focus of the convex and
concave lenses. Now it is a general law, that in
whatever manner rays are refracted in their passag
from one place to another, they must always underg
the same refractions in returning from the last to tk
first.  If therefore, the refracted rays RQ, RQ
correspond to the incident rays SR, SR ; then, rec
procally, the rays QR, QR, being the incident one
the refracted rays will be RS and RS.
‘The matter will perhaps appear in a clearer light’
still, when I say that concave lenses have the powe
of rendering parallel those rays which, without th
refraction, would proceed to their focus. You wil
please carvefully to attend to the following laws o
refraction, which apply to both convex and concav
lenses.
1. By a couvex lens (Prate VI. Fig, 81.) pa
rallel rays are rendered convergent. ‘
Convergent rays become still more so (Prare.
VIL Fig. 1.), and divergent less divergent. ¥
2. By a concave lens parallel rays arve rendered
divergent. (Prate VIL ¥Fig. 2.) :

EErrErn XC.—ON THE MAGNIFYING POWER OF
PoCKET-GLASSES.

THuE principal article respecting teleseopical in-
iyments remains still to be explained, namely,
their effect in magnifying objects. I hape to place
this in 50 clear a light, as to remove every difficulty
1 which the subject may be involved; and for this
purpose I shall comprise what I have to say in the
follewing propositions, -

L Let e (Prare VIL Fig. 4.) be the object, situ-
afed on the axis of the instrument which passes per-
-pendicularly through both lenses in their centres,
Fhis object E ¢ must be considered as at an infinite
- distance,

#2. If then, the eye, placed at A, looks at this ob-
Jeet, it will appear under the angle E A e, called its
visnal angle. It will, accordingly, be necessary to
-prave, that on looking at the same object through

Divergent rays become still more divergent, Fig. 8§ l}if:‘glass, it will appear under a greater angle, and
and convergent rays less convergent. , 3 -gkactly- as many times greater as the focal distance
All this 1sfounded on the nature of refraction an the object-glass PAP exceeds that of the eye-glass

QRQ. .
3. As the effect of all lenses consists in represent-
-the objects in another place, and with a certain
nagmitude, we have only to examine the images
hich shall be successively represented by the two
lenses, the last of which is the immediaie objec of
g:sight of the person who looks through the
. lnstrument. .

.4 Now, the object E e being infinitely distant
from the convex lens PAP, its image will be vepre-

the figure of the lenses, the discnssion of which woul
require a very long detail; but the two rules whic
I have now laid down contain all that is essential
It is abundantly evident, then, that when the couve
and the concave lenses are so combined that the
acquire a comimon focus at F, they will distinctly re
present distant objects, because the parallelism of the'
rays is restored by the concave lens after the con
vex lens had rendered them convergent. In other
words, the rays of very distant objects, being nearly






