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little, deviation. Ini Fig. 20 the second-
ary axes BB and CC cross the pi incipal
axis AA at 0, the optical centre of the
lens.

'l'le priicipal cocus onIy is considered
in calculating the refractive pover of a
lens.

Convex lenses converge rays t ransmitted
by thei; they are called positive because
they have a real focus, and are also called
plus (sign + ), because thley ilci ease the
refractive power of thle eye.

Concave lenses diverge rays transiitted
by thei; they are called negative because
they have no real, but only a negatine
focus, and are also called minus (sign -)
because they decrease the refractive
powcr of the eye.

Ii order to know the number of a con-
vex lens, it is mercly Inecessary to imeasure
with a yard stick the distance at which
a focus is obtained of light cntering a
doorway or window that is situated twenty
feet or more awav. On a piece of white
paper fastened to th' wall a clear invertcd
image of the view outside the door or
vindow can be obtainled if the numiber
of the lenis be not higher than 24.
Weaker lenses are difficult to focus,
especially if the liglt be duli. 'ie
st:·onger the lens the more the rays wvill
be refracted, and therefore the sooner
they will mîeet, and so the shorter is the
focal length. 'he weaker the lens the
greater the focal distance. The picture
thrown on to the screen will bu sharp
only at the exact focal distance of the
lens ; when it is held nearer or further
away tlan ithis exact distance the image
is indistinct. The stronger the lens, the
snaller and sharper is the picture.

''ie inch or old systeni of numîeration
is based on the fact that a double convcx
lens forned of two segments of a sphere
of x inch radius refracts parallel rays of
light so as to bring then to a focus at
one inch; this tenls is it unit or standard
of themich systei. A lens that has une-lalf
this power refracts rays only to one-half
this extent, and so brings them to a focus
at two inches. A lens vith ü., the power
of the unit hends the rays only- enotgh
to bring thei to a focus at ten inches.
Oculists and opticians mark such lenses
as or i, but in the trade they are
called No. 2 convex or No. 20 convex,
and so with all the other nunbers.

The concaves are similarly numbered
according to the radius of thicr curvature.
'ie amîount of refraction outwards iii

any concave lens is sufficient to render
parallel the mna%.îrdly rfr.ttld ra> uf the
correspundimg <mx Nu. (ste fig. 13).
A No. 20 concave hends the rapb out-
wards to exactly the saine extent as No.
20 convex bends theni iiwards; so, to-

gether, their united refraction aimounts to
nothing.

'l'o add together, that is, to find the
strength of, two convex lenses, say, Nos.
2.1 and îo, as the refractive pover of the
one has to be added to the refractive
pîover of the other, proceed thus :

+ ,y + ~.Jô - 2 1

(about),
so these two lenses together make a
or, as gencrally called, a No. 7
convex. The small fraction need not be
coisidered.

'l'o add together two lenses of opposite
retraction, for instance, No. 12 concave
and No. iS convex (here the concave is
the stronger, so the resuilt must be con.
cave), procced thus

and the two together are therefore equal
to a No. 6o concave.

'l'o add, say, No. 20 concave and No.
10 convex, lci e the convex is the stronger,
so the resuilt is convex

therefore the two comibined equal No. 20
convex.

For quick working al that is necessary
is, when both lenses are convex or both
concave, to divide the multiple by the
sum of the tvo numbers.

For instance, Nos. 2j and Io, then
20x 10=200
20+10-= 30

30)200(7
If one nubiner is convex and the other

is concave, then divide the multiple by
the diffemence. For instance, Nos. 30
concave and 1o convex :

30x 10300
,0- 10 - 20

20)300( 5 convex,
as of the original nuimbers the convex
was the stronger.

hlie new scale of numeration is veîy
nuch more simple. It is called the
dioptric (dia, ilrough ; opto, to sec),
which mneans refractive. li this systeni,
instead of measuring hie focal lcngth,
which is the result of the refr:iction of a
lens, the refraction itself is neasured, and
the unit is a diopter (signi D). The
diopter uf refraction is the quîantity of
Lum ergg puwer în a coin e.\ lIs that is
sufficient to bend rays of lighlt that are
parallel before entering the lens to a
focus one metre behind il.

A metre (sign M) is a French measure
of len)gtl equal to 39.337 ilches English
or Aiierican. For general purposes, it is
sufficiently close to calculate forty inches
as equal to one metre. If il) of refrac-
tion makes a focus of parallel rays at
forty inches, then 2) will refract just
double as much, and the focus will be
found at twenty inches; a .1) convex
lens having four tines the refractive
pOner uf il) ill retrat the liglt suffi-
cielitly tu make the fuus t.n inc.lhs, and
so un thioiugh the scale.

Iln connection vith duopters it is cus-
tomary to use the sign + for convex and

- for concave, and this should lie noted,
as often oculists mnerely put the sign +
or -, and the number of the lens withott
adding the sig 1) ; therefore, welcn you
read +. it shotild be taken as meaning
four diopters, whereas . Cx should be
tindeistood as re)iesenting a four-inch con.
vex lens.

'o find the strength of two or more
lenses combined by the dioptric system
is particularly easy. It is mterely ieces-
sary to add or subtract, and the result is
+ or -, according to which is the higlier
or stronger nuiber. For example

+2 and +4= +6
+4 and -3=+1
-5 and +3= - 2
-5and -2=-7
+3 aId -3= 0

Now as + 1) refracts parallel rays so
that they focus at 4o inches, it is plain
that it is equal to a No. .40 convex lenls
of the old system ; a + 21) equals a No.
20, and a + 401) lens is the saime as a i
inch convex lens.

'l'o translate the millber of a lens of
the one scale into that of the other, the
rules are as follows:

'l'o turn inches into diopters mîultiply
the refractive power by 4o ; thus a No. 5
cquals SI), as

.!, x = =8.

'l'o turn diopters into inches: Divide
the refractive power by 40; thus, 1o)
equals a No. .4, as

× - | igo1 , or a No. 4.

But a more simple mîethod of convert-
ing lenses of cither scale into that of the
other is to (livide 4o by the known nuim-
ber. For instance, you vish to know
what is the equivalent of a 51) tens in
the inch system ; then 5)40(8, so 5) is
the saine as an S-inch lens, or an SI)
equals a 5-inch. In making this division
there is often a snall fraction left over, as
many, nunbers u dl not di ide evenly into
40 ; these fractions nleed not lie con-
sidered, but the next nearest nunber
mist be taken ; thus 31) equals No. 13
inch. 'l'le rule is that if the number
vill not go exactly into 40, dlivide it into

39, or the nearest possible number to the
one or the other. For instance, 3.501)
No. j1, 3.251) No. J2, 450=No. 9.

Ini the saime vay, if the inch number be
known, divide it into 4o to get the diop-
tric neasurîenent ;thus No. 16 equals
2.501), as 40 16 goes 2.50 times ; No.
12 equals 3.251), as 40÷12 gives 3.25
(about); a No. 2e-iici gocs z6 tiies
into 4o, so thfat it is equal to a i6D.

It must be noted also that the fractions
of inches are always expressed as vulgar
fractions, as 2Y2 inch, while fractions of
diopters are invariably expressed in deci-
mals, as 6.5ol). 'T'lie mere putting of a
decimal fraction denotes that the lens re.
quired is of the dioptric scale, this system
being cntirely based on decimal calcula
tions.

By dividing into 40, the nuinber of a
dioptne lens, you also gel the focal length
of that tls in inclies. If the focal length


