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M;\i\'\' interesting and instructive yvoluimes have
been written ou the snbject of photographic’
lenses, but wn the main these have treated of the
construction of the finished product vathier than the
methods used to achieve such results.

The coustant growth of 1lic nse of anastigniat
lenses has led us to believe tu a trealtse on the
production of a modemn photographic lens from its
Very l)egimling wauld at least prove to be of interest
to hoth the owner and prospective owner of such
lenses.

L our story will enable the reader to gain a clearer
insight into the whys aud wherefores of anastigmat

lenses, it will not have been writlen in vaiw.
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Photographic Lenses

and how they are made

"] HE history of the development of
the photographic lens furnishes ihe
key to all other progress in photo-
grap ll)’. for oVery advanee in the
chemistry and practice of photography
has had its pace set by the optical
capacity of the photographic lens, and
s it has come about that a height of
development has been attained whicl
far transcends the wildest imagination
of the past. Yet how many peaple are
there who have an adequate conception
ol the infinite amount of genius and toil
which lics recorded in ihe life history
of a modern photographic lens? Such
a lens is indeed so wonderful an epit-
ome of mental effort and mechanical
akill that it may be worth our while 1o
vetrace its path from the computer's
mind to the ]lhu[ngrnpllin cameri.
The photographic objectives, as now
used for practical purposes, consist of
a more or less extensive number of
component lenses. It may be asked why
this should he an, since it is well known
that an ordinary reading glass i cap.
able of producing upon the ground
}:[Ihﬁ seroen of the eamera an image
of external objects, This is true enougl,
but as soon ns we proceed to examine
such an image more closely, we shall
see that it is hopelessly defective, [ts
general sharpness leaves much to be
desived, and such as it is, it rapidly
declines from the middle to the edpe
of the image, These defects may not

lie 50 very striking when the image is
viewed as a camern obscura picture,
but they stand out in all their glaring
intensity when recorded upon the photo-
graphic plate, Photography here in-
troduces requirements which at onee
place the photographic lens in the cubeg-
ory of difficult problems, and indeed
it has taken generations to solve them
atep by step. A single lens cannot fulfil
these requirements to any degree, and
it needs therefore a combination of
several lenses to overcome the many
defects which Modern  photo.
graphic lenses are nccordingly  com-
posed of a considerable number of
lenses, In most cases they comprise 4, 6,
indeed 8, and even 10 lenses nssociated
le form an objective, From this it must
not be thought that the mere number
of component lenses of which an ohject-
ive is made up is a eriterion of its
quality,

Note the construction of the Aeiss
Double Protar, It is the first lens of
the second row in the picture opposite.
The combination  consista  of  eight
lenses arranged in two sets of four
cemented together with Canada balsam,
On the other hand, the Zeiss Tessar
construction  appears  comparatively
simple, for it consists only of four thin
lenses, two of which are cemaented
together, while the other pair is separat-
ed by a stratum of air, forming the
soecilled airspaee lens. While the ob-

arise.



Jective 1s simple enough as far as the
mere number of lenses is concerned,
its actual manufacture demands an ex-
treme degree of precision: the distunce
botween the lenses, for example, requi-
res to be exact within 1-—100 millimetre
or 1-—2500th part of an ineh,

Let us now see what are the essent
inl defects of a simple lens which
stand in the way of the formation of
sharply, deflined images and which
force the optician to employ such
complicated means,

We cannot possibly attempt to enter
into the theory of the photographic
lens, but we shall do well to consider
briefly the general aspect of lens
defects,

The rays which fall upen a con-
verging lens, such as an ordinary read-
ing glass, near the edge of the lens
are refracted townrds the axis in a
more  pronounced degree than those
which are incident at the middle. In
consequence, rays which proceed from
a point are not made to meet exactly at
another point, and hence the resulting
image of the point is far from sharp.
The defect which arises from this
source ia called spherical aberration,

White daylight, as well as the light
from artificial sources, consists of rays
of different ecolours and qualities,
which in the apgregate constitute
what we know as white light. These
rays of different qualities are refracted
by a lens in different degrees, which
occasions n further species of image
defects, These defects are comprised
under the term “chromatic aberration®,
They are far more pronounced in the
case of oblique rays than in that of
rays that are parallel to the axis, so
that the sharpness of the image deterio-
rates very rapidly from the centre to
the edge. Since hoth these defects are

turned to advantage in the making of
soft focus lenses, they will be more
fully explained under that heading.

A simple lens, moreover, fails to
reproduce straight lines near the edge
of the image as straight lines, On the
contrary it gives rise to distortions
which very frequently entirely vitiate
the picture. The nature and intensity
of these distortions depend upon the
form of the lens and the position of
the stop,

Again, the image formed by a simple
lens does not lie in one plane, but on
a spherical surface, and hence it is
impossible to obtain an image which is
sharp at the centre, and, without re-
focusing, also at the cdges. Another
exceadingly disturbing  defect  arises
from astigmatism, which likewise ocen-
sions a rapid deterioration of the sharp-
ness of the image towards the edpes,

All these defects, with exception
of distortion, can be lessened or remov-
ed by the use of small stops, — that is
true enough, But this greatly dimin-
ishes the light-transmitting power of the
lens so that it becomes much (oo slow
for taking instantaneous photographs.
Maodern photography demands, there-
fore, objectives in which all these de
fects are eorrected from the outset, so
that they will give sharp and undistort-
ed pictures over the entire plate when
working at full aperture, The spherical
and chromatie  aberrations can  be
removed by cementing  together two
lenses of appropriate curvatures and
made from glasses with different opti-
cal properties, so that their defects
may be similar but opposite in kind,
thus neutralizing the errors, By this
means we oblain a landseape  lens.
Two landscape lenses of this kind
facing each other and having a stop in
the middle between them form an



Melting Pots for the Making of Glass

aplanatic or Rapid Rectilinear lens, in
which the correction of spherieal and
eliromatic goes hand in
hand with the elimination of coma and
distortion. In order that the very ob-
jectionable defects due to astipmatism
and curvature of field may be removed,
it is necessary to add further lenses or

ill}i!l'l'ﬂ“llll

to construct the ohjective on andifferent
plan altogether,

For a long time it was thought to
be impossible o remove the two last
named defects, or at least 1o remove
them both at the same time, since no
glnsaes then in existence by
which theoretical achievements eould
be translated  into fact. When new
slasses  were  discovered it became
possible to make great advances in the
improvement of photographic  lenses,
and so lenses came into being in which
these two last named defeets  were
entirely absent, or at least reduced to
a practically inappreciable amount,

Wi

We have observed that the various
lens systems are made up of four to
cight components  which are partly
detuched and partly cemented lenses,

A 214

Each of the two or three Tfront or hack
lenses of n combination consists of
distinet kinds of glass which are the
outcome  of very exact trinls, The
cementing medium is Canada balsam.

As we have already seen, the glass
of which the lenses are made is not an
arbitrary matier, On the contrary, this
glass must have very definite qualities,
Foremost among these qualities are the
refractive index and the colowr dis
persion. A pencil of light passing
through an prism iz deflected from its
original course, The degree of the de-
flection depends upon the refractive
power of the glass of which the prism
15 made, The refrocied pencil spreads
out as it passes through the prism, so
that when it reaches a white screen it
does not form an exact image of the
narrow salit from which it proceeded,
but will be seen to have been drawn
out inte a coloured band. The prisam
does  not refract wniformly all the
coloured rays of which the white light
is made up, Tt deflects the violet and
hlue rays 1o a greater extent than the
green rays and these again to o greater



extent than the yellow and red rays.
In consequence, the coloured rays of
the illuminated slit do not meet in one
place, where their mixture would have
furnished white light, but are ranged
side by side, thereby forming the
apectrum, of which we have a familiar
example in the rainbow. The colour
dispersion varies widely for different
kinds of glass, Many glasses produce
long bands, others yield much shorter
bands: in some the blue end is more
distended, in others this happens at the
red end. We thus see why simple lenses
are bound to have the defect of chro-
matic aberration,

Formerly it was believed that colour
dispersion and refructive power were
mutually dependent. They are so, as a
matter ﬂf fllﬂt. mars or h‘lﬂh but not
to anything like the extent as was
supposed at a time when crown and
flint glasses only were known. The
crown glasses have a comparatively low
refractive power and at the same time
are only able to form a short spectrum
band, whereas in the case of the flint
glasses a high refractive power is nsso-
ciated with a considerable amount of
dispersion. The manufacture of modern
optical glasses, however, has rendered
largely fictitious the old distinetion be-
tween crown and flint glasses, in that
now there are glosses which have a
comparntively low refractive power
and nevertheless {urnish  spectrum
bands of great length and vice versa.
With two kinds of glass, that is to say,
old crown glass and flint glass, it is not
possible to unite more than two colours,
say yellow and blue, at a single point.
The remaining rays continue to give
rise to a more or less noticeable blurred
fringe, which is known as the “second-
ary specirum”, Photographic lenses
with a secondary spectrum are never-

theless well adapted for the ordinary
purposea of photography, and it is not
till we come to face the problems of
three-colour photography that it becom-
o4 necessary to bring to a common
focus other colours of the spectrum,
e. g, red. Objectives of this order of
eorrection are called “apochromatic

lenses”. They are now used almost
exclusively in  photographic  process
work.

The two classes of the old crown and
Hint glasses were for a long time the
only means which were available for
the construction of lenses. Fraunhofer,
at the beginning of the last century,
realized that these two kinds did not
suffice for the realization of his newly
computed telescope objectives, It is not
saying  too  much that Fraunhofer
inaugurated by his achievements the
ern of modern applied opties, It was
he who first associated
knowledge and a scientific system with
the art of lens making, which until
then had been a mere matter of handi.
eraft. He was also first to describe
exnct methods  for strictly
spherical surfaces,

systematic

making

Wonderful as were the achicvements
of Fraunhofer, there still remained a
tremendous stride to be taken before
the technical methods now in use could
be developed. The uncertain element
of personal skill has now been super-
seded in a large degree by a highly
organized system of mass production
utilizing every available scientific and
mechanical refinement, This is appar-
ent in the construction of a lens com-
bination, In the old days the optician,
guided by oxperience and a more or
less trustworthy intuition, would grind
lenses by way of a trial, combine them,
and then proceed to vary the curvatures
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While passing the enormous stores
of raw materials which the establish-
ment works upon, the uninitiated may
find it difficult to realize how the
opaque substances which he there secs
heaped up, come to furnish the beauti-
fully clear and transparent material
which he afterwards, sees as glass.
Chemically considered, glass is n solid
solution of silica and silicates, which
are obtained by fusing together quartz
sand, soda and lime.

These substances were in the main
the raw materinls from which the old
glasses were made, The materials from
which the new optical glasses are made
include in addition horates, phos.
phates, barium compounds, lead com.
pounds, and fluorites, hence metals,
such as sodium, barium, and lead, are
likewise nmong the constituents of
these water-clear glasses. Some kinds
of flint glass contain even as much as
seventy per cent of their weight of lead
and are nevertheless perfectly trans.
parent.

Every kind of glass is obtained by
melting a mixture of these compounds,
and naturally every glass has its own
particular formula,

The technique of optical glass meli-
ing is as interesting as it is difficult.
The Irﬂulllu ].HJ';iIIM Wi[‘ll the prepars
ation of the melting pots, which are
made of alumina, The material of
which they are made should part with
litle or nothing to the mass of the
melting glasa. On the other hand, they
must he able to resist the enormous
heat of the boiling mass. The pota are
aceordingly made in the Schott factory
itself, The pots, some five feet in dia-
meter, are stored in A gigantic shed
accommodating in the aggregate one
thousand pots, Storage of such large
numbers is necessary as the pois res
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quire to stand for many months, to dry
out quite slowly before they may be
fired. Before use they are warmed up
in special ovens, after which they are
charged with the mixture. Every pot
holds about two tons of glass materinl.
In the event of the pots having a flaw,
such as an externally invisible erack
which has formed during the process
of drying, it may happen that they
burst during the process of melting,
with the result that their valuable con-
tents are lost.

The component materials for the
various meltings are stored in large
siloes. They are mixed mechanically.
The mixture is heaped up in the pot
and melted down by gaseous [uel at a
temperature of about 1500° C, (27500
Fahrenheit), During the process of
melting, the raw materials act upon
one another and gases form which rise
in bubbles within the more or less
viscous mass. This is also the reason
why it is not possible to obtain optical
glass which is entirely free from bub-
bles. For a long time the suceess attend.
ing these melting operations was very
incomplete, and enly a small portion of
the ingot had the desired propertics
owing to imperfect mixing, This evil
can be overcome to a certain extent by
stirring, The idea of stirring the in-
candescent liquid mass was simple
enough, but it is nevertheless o most
important artifice, which was origi-
nated by a Swiss joiner named Guin.
and, who was the first to melt glass for
aptical purposes, The stirring is done
with the nid of a bar of alumina, which
i+ suspended from a gear within the
melting furnace so as to dip vertically
into the molten mass, and is moved
therein in a circle, until all differences
in the constitution of the various parts
disappear by mixing. The meliing pro-
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whether  the
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criterion s to homo-
As soon as this s found o he satis-
factory the melting pot with its con-
tents of about two tona of incandescent
“\llli.l{ mi=s s drawn from l'}u' f'||i' hy
mesins of |.'Il'rr,r' Lanps |||u\.l"|||,,:| i ||'n1
leva, The pot, which is whitehot, i
transferred 1o another furnace, where
it i allowed to cool down slowly within
a week, During this period of cooling
the |.‘_|.'I:-i:\-| contracts and in =0 dililll.'.
hreaks into drregular pieces e
seimbling ice blocks, In many enses the
pot breaks up as well in consequence
of the strains set up by this contraction,
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then sorted, and cracked pieces are
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l'mll|l|:'|r|>’ severed with a 11.'\|u| ]I;ltll-

ey, = that any |'i'.'|1'L\-\ \\'1|ii'l| may
alveady e present may nol conlinue
and result in defects when the material
comes e be worked up later on, From
the broken up the
wood ones llll[l\' are aelected ihie

[HIT A of I':'1|Ili‘il|‘“_ them to the ri'p_|||-

Jrieaes

risulting

ar form of plates which the optician
receives  for making his lenses  and
prisme,

The rough picees picked oot in this
Wity ire then i'r‘.t\lull|c|r'1| in a Avparate
|'l‘.-|l:'.'||i||pf ‘IIH'II'U'{' i|| ;1:1'|;|||,;_l||||;||'
af  fweclay  unul  the
becomes viscous, so as to fll the mould.
When, in this way, the glass hns assum-
ed the shape of the mould, it is sub-
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if'l'lf'l! K3 “It' ﬁm' rnuu'r!h'”;; JHOCESS,
a very slow cooling which usully re-
qpuires one month, but in the cases of
large pieces may be extended over n
period of 2 1o 3 months, This slow
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aoiling s necessiary fo free the slias
from fnternal straing: for, thongh the
sticring has the effect of producing s
ﬂ'llt‘l'l'li{‘.:l“l\u' ]‘llllllllll_"l't”'ﬁ[];. ’_r_lup..,-..\:\-.l FetHses
are likely 1o be s up during the pro-
cess ol cooling, which vender it quite
useless for optical purposes, Now, any
pivee of glass inoa stare of intense com
the properties
t'l'_\-’.‘“ll”im' badies and is double rolraiet-

Pression  acdquires ol
il\!".| that 1= 1o Hily, it .'-|||l|jl\-| T I-cin;;h‘
incident ray into two rays, I soes witl
ol thi=

which cannot for a moment be toleratel

saying  that 4G projierty

ina photographic lens, Before the wlass

i it 1 there
fore carefully tested  with respeet 1o

is passed on o the apti

internal strains as well as the presenee

of atrine, or veins, This, Il”"\""\""l'. can-
not be done without further prreprralien,
for the glass Ill.lh'.\-‘ ds furnished hy this
li"lllt'lllt“llj:_ }u'm‘l'h-\ it gyl ||','||1:\.'.||_|rf-|||
but liave a vough and uneven surface,
The plate is therefore voughly sround
and polished on twa apposile sidis, s
that the ’.'.lll:\-.'-. mny b pestedd hl\.r triris-
mitted light for the presence of bl
Bles and striae,
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lusking
through the polished cdges of the plate

Expericnced  workmen,
towards a suitable souree of light, such
as a0 mercury vapour lamp, ai onee
recognize those portions of ihe glass
which differ from the adjoining por-
by in the light
refracting propertics, 11 we let a drop
al sugar solution Tall o a tumblerful
af il
Ilr'll\’ii'l' I'h,'\||

tiis differenee

siolution, |||'i||:',
will sink lhi'
Bottom, and o doing o it will Teave a
visible trail which is due o the diluted

witler, UL

witlitr, Tis

suear solulion having a refractive in
dex differing from that of pure water,
The
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hli'i\'l!' frresenl o

Closely  pawkad
rIFIi' IR HTERTeE :|.'In:r,|'|"u||h eI e,
any piees of plass containing these s
at onee rejectod, Fregquently flaws arise
which in their appearanee resemble a

fine lace textore stretehed across the
TR EEY HII J.‘:hl\-.\-.. I'[‘||1"-\1" r'fu”fh ;r’fl\'f‘f',\' .'Il'i:\-.r
from the ve-fusion  during  the  pe-

crack n the
,".Iil."\"\ which has l'hl'.‘l]H"l! abservalion in

moiilding  process of 4

the ]H'i‘\-’il'l]h tests, The examination lor
internal atraing, which, as we have seen,



occasion double refraction within the
slass, is made by polarised light,
Slabs obtained from the ingot are
]'IIII{'.N' aide |Iy side aver d |,'|,|‘g_{' h]m'k
glass mirror set al an appropriate
angle, and examined through a Nicol
prism  which travels  along  a rail,
Alternatively, in front of a source of
light is placed a Nicol prism, the so-
called polariser, from which polarised
Iiﬂhl |Il'c|lc‘.r‘.|'.1”h In\-\-':l]'c'l-. '|||r' n||l-u':|'\r1‘|',
This 'mhl!'i\-{ || “y_hl JHIRECR |||:|'u||;_'\|| [|||'
interposed glass block and the latter i
carcfully  examined  throughout by
means of a telescope focused upon it
This telescope has mounted in front of
it another MNicol ||I'iMII'|I the ac-called
r.f..l'h‘fh.'(r‘!'_ W|I|'|| thie ||ul;"'ihl'|:' ;|||§| HEHE
lyser are in such a position relative 1o
vach other that the planes of polariz
ation are at right angles to each other,
i “;.',I'Il will rench the eye of the ab-
refracted out of direct
line by the glass being wested, 1T the

sirver  inless
elags 13 normal. no refraction will take
place, but il there are any strains in
the glass they will give rise to a roin-
tion of the planes of polarisation, and
show as heautifully coloured irregular
patchies,

In the it found after the
application of these preliminary tests
that about 85 per cenl of the whole

end is

Strained Glasa .
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mass of glass is to be rejected as
useless, so that a hundred pounds of
glass  produced often furnishes only
15 pounds of zlass which is suitable for
optical  purposes. The rejected  glass
cannot be redeemed by ve-melting b
IIJIH to he sold = wasle |||'n1|m't Liv
ul]lr‘.l' HIHHH-IIIIII‘-\I'H w|||‘['l' ;_l||;|l-\.-t iH. ||I-\1l{|
for the manufacture of ordinary glass
ware. For any attempt at re-melting
would only have the effect of pro-
ducing glass in which the flaws to be
weaided would he :!t'l'\-.f'nl i'|'| a ]Iiﬂhl}"
aecentuated 1|r'|l¢||r'i'_

When glass is required for making
lenses over 12 inches in diameter it
follows from all this that the pleces
i'?hl.'lilll!'lf |II'nIII i | ||li'u|\'|'||-|l|: Jril nf '\:‘]“HH
cannol he Ilhl'li, .'|r1i( il lll'i"ll|'|'|1'H it
anry in this case 1w pour the liquid
mass into a laree iron mould and allow
it cool therein quite slowly, As be-
fore, the surfuce of this il el pii':'r'
14 |lll|'i.'-'.||t'|| ot hothi hiili"\. 'Hu' ||H]|,IIIi"
portions are selected and el out and
then ve-moulded i the usual way,

I'Illli.' j.",lil':"- 1% 10w }'l‘.'lliy Illl|‘ I.“hp“."{ll
o the manufaeturing optician who has
still to test it with vespect to its apticul
for  different
identical  in their
pertica, Despite the exercise of the
utmast care in weighing off the cone

hatches
aptical

constiant=, are

ol jiro-



Cutting the Glass Slabs

stituents there are always small vari-
ations.  The manufacturing optician
therefore cuta from the plates sup.
plied to him small pieces, which he pro-
ceeds to grind and polish in the form
of prisms to enable him to ascertain
the optical constants, The deviations
from the standard values are in the
majority of eases very slight, yet too
great be dgnored. The ealeulated
data  of the optical instrument  for
which the glass is required need there-
fore some slight rectification by small
alterations in the radii, the thicknesses
of the lenses, their distances apart, ete.,,
a0 a8 to bring them into line with the
alight  variations in  the eonstants,
assuming, of course, that the caleu

lator has completed the fundamentally
important work of the computation of
the entire system of lenses,

The mathematical methods of optical
computation eannot be gone into here.
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[t must suffice to say that all the re-
quisite  data have o be laboriously
caleulated in succession with the aid
of irigonometrical formulne. When o
successful combination has been arrived
at which sati: all given require-
ments, an exact drawing with a de-
seription of the radii, thicknesses, dia-
meters of lenses and the kinds of glass
to be used 15 handed into the work-
shops.

The first siep there is to make the

iea

grinding tools which are required to
shape the lenses, These are in the form
of flat cups of cast iron or brass having
the reverse curvature to that which the
finished lens is required 1o have. To
make 4 converging lens with a convex
surface a concave tool is accordingly
roquired, whereas a mushroom-headed
tool will be needed for making a con-
cave lens. The surfaces of these tools
are turned on the lathe with the utmost



(:I"illl“!ly, Tools with

|1|'l‘l'.i.'-|llull with the a=sistance of Line
wents, Belore
cooding te wrind the lenses the unworked
plass plates regquire o be reduced to o
form which will save 1 maximum of
materinl and  labour. The plates are

I:||'.'t\-|ll|i||,r, illHll

NI ill}l_ly il i||lu |‘i|'i"|"-\ wi|ir|| HIRE

but  lide thicker  than the thickest
portion  of the required  lens, This
sawing  operalion wins  formerly  per-

fill'lnl‘li with o kind of fiddle-how =W,
the Dlade of which was [I'|I|,‘|l'l'l! liy i
steel wire, By means of this, tomether
with emery and water, the sliss was
sawn inte pleces, Today this s done
invariably with the aid of a rotating
.
with fine diwmond splinters, The wheel
i< sel i very rapid rotation by o motor
and cuts up the glass inon overy shor

iron l“'\l" the vim of wll'ii'h il-c. |'||;||

tinie, he JI|'r||lI'uh'iIn.'IIr' oo n{ l!u'

l'l'l‘“il'i'll ;\-\ W ih.‘lwn w||||
peneil upon the slab of glass and all

superfluons materinl  nibbled off by

il"l"! il

TR u{ p]irl':q with soft i'|'n|| ]','lw\-t,
Thie |lil'l'.|' i ||:|'|| giw'u n .'|[||p|'n,\(i,-
mately cireular form on a0 prinding
stone with the assistance of =and and
water. When the piece has been pre-
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paved incthis way inthe rough the opera

v ol lens grinding proper beging,
Il erinding which  have

”.Il'!‘.”.il_\" bt dleset ihr'il ari

fonls
moved 1o
il Ilru\ while lllf' |Illi'l'|' u}' :_'Jul-\-i w||ir']:|
is to e pround s cemented o a0 rapidly
votating spindle, wherehy it is pressed
arainal the toeol. Tt is usual o grind a
numiber of lenaes ln;'_l'Hn'l hv |'1"I'||i'|'|l'i|'|;:|
af them 1o a
large ool of the reverse curvature and
waorking thim jointly.

The abrading material wsed i emery
|l1§.‘_l‘i|1|‘l' with witer, Codrse ecmery 18

r'.l:ljr[n\'l'li firat

i 1'.IIII‘-|i|||'|.'||IIl' '|"|I”'|"IH'F

for obtaining the re-
aquired Torme By the cradual introduoes
tan of hoer grades of emery the rongh
|Nl|'|il?l|'l:-. of the surfaee are smoothed
t|u\ﬂl\ tiniil Iih.':”y it [HesRenls “II"l\-‘
greyed appearance, The workmen con-
tral the prinding process and see o it
that there is always sullicient abrading
matterinl and  water 1"'|\W'l'|| lllf' wurk
sl the |||l|||_ l'l{lh”_" |}|i' [rreEs n[
prinding, the sorfaces are constantly
testedd by delicate measuring  instro-
maents, fooery surfaee of each single lens
1B

et e ill I}li"‘- Wiy,

Sinee the tools themselves are subject

I'|'|u'.|||'1||y



[} illlli::jr, thir Taenues

to abrasion during  the process they

themselvies I'l'll“il'l' to be continually
testid s well,

'\[HI'I"l froin thee |!|'|'hi'|'iln'1l curvalures
ol the surfaces of the lenses, their thick
ness requires Lo conform rigorously 1o
the calealuted value, ns this constitutes
an important element in the regquoired
“|l!i4‘il] m'|l1'hlr, ||| f:u'l l’}u' ||1']-(||il,-.l.gl,l'.
of the must be realized within
ihe 1/2500th part of an inch, A special
instrument s oused  for measaring e
thicknesses of

]1'”‘-I"-|

Ii'll'!l"!. .II‘H' II'||‘-\ Wllii'h
Ui b b dested s placed upon o 1)[n||‘
thi: muvahle pin
made 1o rest upon il By means of o

il Treely canpifaaet
veading telescope the thicknesses may
b read off with the atinest preeision
upon i fine seale,

When the lenses have acquired the
desived form on both sides, the nes
step i o polish them, This is done in
a similar manner to the grinding, the
,‘.‘\I"IIH“II;.', ol |||'i||:l, |r';||;|i:'ild I’."" thi
polishing tool and the emery by jew
The  polishing
sinply an impression of the so-called

eller’™s  roupe. tonl s

standard  test plate in piteh and s
abtained alier the manner of o hr'u“n::‘
wix impression by hinine o erinding
tool with pitch, and while this is siill
soft pressing the test plate into i, The
lens s then operated upon with rouge
and water until it has taken on oa hine
pirlish.

tool  with

Polishing the piteh

voige pives the best possible resulis,

sinee in this way the spherical form
comes oul best. A dey method s pre
ferred i
[m“r-hml

where the
wninter
medinte stage inomanulaciure, To npply

II“”‘\" L Rt |I”|"
=1 II.'ll'l"'\ MOy HES
this methad cloth or paper is fixed by
an adhesive to the

rubibied into the latter,

!Hil] .'l”l{ |'l|||"|"‘1'

The lens is now subjected 1o a final
and excecdingly severe test, For this
purpase 1l is nob sulficient o apply
mechanical means, and henee i beeom
e necessnry o adopt an optical method,
il

standard test plate, Everyone is familio

The test is made with the aid of

anil
rainhow

with the colours of ] Ltibelilies,

many will have woticed  the



Palishing the Lenses

ail

1'”|n|||'-'. w||ii'|| i thin  film priv
diees when (loating on water, and
some may  have observed that when

a spectacle glass as worn by a long-
sighted person is placed npon a glass
|'_|1,'|,|(' i Hi"|"l|l"-f. uf narraw I'ihij in olose
steeession is visible at the point of con
tact. A similar appearance occurs when
twor glass plates are pressed together,
Here, oo, coloured rings are formed.
fl\ln‘ |ph-:'|u|||'|{‘nu|| i\-. dite to the formae
tion, by reflection of light at ihe free
airfuees of thin ilms, of (aterference
which governed by the
thickness of the film, The walls of the
soap bubble, the thin layer of oil and
the thin stratum of between two
plass  plates  pressed together consti-
tite thin filins of this kind., When they
are of uniform thickness at ull [mil'll"\
|||4‘!.-' i,'xhihil e |'n|nll|' ||I'Ily W!lil'.h
depends upon the thickness of the filin.

Taking advantage of this principle,
optical workshops provide themselves
with extremely aceurately made stand
ard test plates for all curvatures with
which they are concerned in their lens
making A
plul(l i;f 1||il-l IL.,i|'|:| }\.;\\-. the reverse curva
ture to that of the lens which is to he

N A irit

air

aperations, stundard  1est
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Lerstendd, aned oo test the Litter it s pre anl
upon the test plate, Any faulty part will
at onee bis made manifest by the appear-

we of eoloured rings, sinece at such a
point there will be air strata of different
t|||'1'|\|'u'l-|\-u'u, ” the lens which is to IN‘
tested has an exact curvature without
a lanlt the entire surface of the test
plate will appear colourless, or if the
deviations of the surfaces amount 1o
nnh.r a fraction of ope \'\-".II\-'r‘.-h‘II{.‘fll! l!li‘}"
atir, The method

will exhibing a single e
i+ a0 excecdingly sensitive that slight
warming of a portion of the lens by the
warmth of the hand sulfices 10 zive
Fise Lo i|'|'|'l\.l;|||.'||' colours, 1t i without
saying that the radii of curvature of
the test plate must be measured in
millimetres in the most exacl mannor,
il they are to serve all standards for
teating new lens surfaces,
The apparatus designed
suring these radit of curvature is called
a Spherometer, and is of extreme deli-
cacy. The test plate lies with the sur-
face which s 10 be measured facing
downwards on a tapering metal ring of
an accurately mensured dinmeter, and

for men

a freely movable pin is pressed from

below against the surface of the test



Teating the Quality of the

afl the socenlled
veriex depth of the test plate sorface

piilh‘. Tlie dinarninl

ean he read onoaoseale and the appro-
priate radius of corvature caleolated
therelvom. Sinee the radii require Lo b
maoasured necurately o 1250000 of an

inch, it goes without savine that these
mensuring instruments must be made
with extreme precision,

When the lenses have r|:'1|||i|r'1f prer
ii"'ll\' }Nlli'-]ll'1| atiifaces .'||ur \\'II:'II h."'
the tests applicd 1w them they have
proved to conlorm sivietly 1o calenlation

the next task 1w “eentre™ them, i, e,
to prind the periphery of the lens so
that the optical axis is a1 the coentre ol
the eylindrieal boundary of the lens,
The optical “axi=”, it should be noted,
is the line joinine the centres of the
s Whll\'ll form the frec lir||l-¢ 11

For testing this adjustment there are
two methods, an oprical and o mech-
anicel -one and, as before, the optical
1 the more ¢ werale nf !Il.i‘ fwin,
It s based in principle |||m|'|1hu|'|l“|-p.
HI'IH', j'l}'u]u'r'lir'\-\ of pn||',-'.||p|| lisiis aiir-
faees, The lens which is to be coenled

|||1"|f|n(|

is comented by one of its surfaces 1o

Polish wnder o Magnifier A 177

thee clineck of
point of light

a lathe, and o ilume or

sl oup al linle
distanee Teom i, When the lens s made
Ly rodate the two ifll.‘l:"_i'h of the flame
forimed Il‘r' reflection at the two ,l:p]]uri;-.
al surfaces will be seen 1o rotate about

SOHNG

e another if the optieal axis does not
cutneide with the axis of rodation of the
lens, 1 both are eoincident the reflected
innge appears to stand =il The lens
is trued on the ehock, that is o Ay,
it is brought into such a position that
the reflected Gmage appenrs o stand
still, by displacing and tilting the lens
over the cementing medinm, When this
his IH'F'II il-('l'l!llllllll'\-\lll'i! [lw outer Loni-
dary of the lens is ground down 1o a
cyvlinder on the lathe.

Where contred lenses require 1o he
cemented together so a8 to Torm a single
compound lens, ihis is done by means
of Canada balsam.

Cementing s done by applying a
drop of Canada balsam to the carefully
cleancd and warmed lenses. They are
then placed upon one another, and by
,"."II”!' pressire air and exeess of halsam
expelled, When the balsam has cooled,
thee lenses will be fiemly  united, Lot




]Vluunlirl],]| i Pllnlnp_ru|||\|'r. '.r.nn

they require once more to be trued up
on the lathe, in order that the optical
axes of the two lenses may necurately
coincide. The finished combination is
then laequered black at the eylindrical
boundary, to ebviate reflection of light
at the translucent rim. It is now ready
to be set in the lens mount.

The mounting is mostly done on
lathes with treadle motion, The degree
of precision with which this eperation
is performed is the same as that applied
in the processes of grinding and poli-
shing, for it will be remembered that
the distances between the component
lenses of the objective enter into the
caleulation and must  therefore  be
adhered to within the smallest [raction.
Extreme care must alse be exercised
to avoid any excessive pressure, and
still more so any one-sided pressure,
being exerted by the mount upon the
lens, as this would give rise to internal
strains in the glass, or it might even
cause otherwise perfect lens surfaces
to be distorted in a more or lesa pro-
nounced degree. When all the various
atages in the making of a lens, as here
deseribed, have been earried out with
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rigorous precision, even then a con.
seientious optician does not feel entitled
to place the resulting product on the
market, Each finished objective is tested
individually by specially appoinied lens
testers, before it is allowed to enter the
world’s markets, Once again it is tested
for strine, strains and other possible
flaws in the glass, and finally it is sub-
jected to a practical photographic trial
on the test chart. Also, the focal length
is determined aceurately, 1o fractions
of a millimetre, for each objective, Its
agreement with the value preseribed by
the enleulation furnishes a eriterion as
to how far the practical achievement
conforms with the caleulation. Process
lenses, as well as mirrors and prisms
usedd  in conjunction with these are
examined separately in  the photo-
maechanical laboratory so as to ensure
that exceptional degree of optical cor-
rection which is needed for this pur-
pose, It will be readily appreciated that
such a degree of precision in the system
of manufacture with its  incidental
phases of weeding out is quite incom-
patible with mass production as ordi-
narily understood, and that this neces-



|1"|Hl,“'. Laboratory or |']|t|l:|;l:.‘||r||i.' [T

the cost ol sueh (KR
this
U
the other hand, the aliimate possessor

.'|.'I.I"I|\ iu“lh'”i'r'-.

Lustrmments in
way  cannol possiblv be “eheap”,

ihli'fl-\, |l|'m]|l1'|'f|

ol sueh an instroment has the satislae
Lo ol I\ll”“‘i!l}'_ that s illijw'livu I
cipial to its prodicer’™s promise.
Iewill alsor be vealized that =ueh an
insteuiment should not be expected 1o
whiich i

I|"|lliT'i'T1|1‘II|'l are

conflict with the natural laws of apties,

lihawael

Muany s are commitied in this riss il
\‘Hu'n ||1.1' u|1|jl‘j“l|"| \\'nrl\ i{m'\-\. pil o
Ui Lo suel visions of Thi' i|"|||m-.,-\'.'i,|;|1l_ |||l‘
I.‘I)"HI.‘II. in oo [rernne L Bl the in
striment, Thos, i happens very often
that an intending purehnser of a lens
attaches an exaggerated value o the
.'I.l?'li‘llt'l‘ 'J[ hl.l||ll||c"\-|\ :ll’lli_ |'|11{1l¢‘(|‘ st
that the lenses should be entirely free
from these, The wish te [LEEETEE aiieh
a dens without a trace of bhabhles s
intelligible enoush, hut unfortunately.
i 1. lIHI“I'I)‘ iln}mh'\-‘ihh' tor aceede to it
which have  already
i‘N]lIIIiII:'d .'I.lllu\'i', .l.hl' n|;||'{'|'.'||'| will RT3

for reasons Wi
tuinly take prear pains to eliminare any

material which might in the alishies
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Zeiss

1]1',‘.‘,I'1‘4' detvaet Trowmn the pr,‘u'!ii',‘d |','||||.'
HI i ui!irl'li\'i', “ul i 1'1'\\' Iru]iMu-. arit
ot o e li'I'L.lI”l'II in ||||-. 1',‘”1':_"“]'.\.'_
Whaen it i considered that the smallest
stop with which o photosraphic ol
jectivee s used o an aren of  about
boagquare millimetres, while ihie ngpie-
wale arita ol thie lvili!ilh"-\. rulll.li.m'|| i||
EL “I)jl‘l'li\i'. masiind= Iu.'||m||| '-f'rhi|||;|:|'
millimetee, it Tollows that the loss of
“I\Phl which may ln" Hl'i';]-\||l||f‘1{ I'."' |||1‘
al  these =olated  bubibles
amennts tooa negligibly small pereeni-

jriescnee

ame, noe more than about ten jrer cenld
il the 1i:.'_|l| H'.‘I.II\-.I:liTI:iH:I_|'.'I||.'|1'ily wlieh
the abjectivie has when operating with
its smallest stop. When, however, we
consider that o the majority of eases
the objective operates with far larser
slapes, the loss aof li;r,hl mecasioned i'.\"
the presence of these hubbles becomes
utterly Indecd, 0 the
L1 inches in
diameter ats rapidity b5 only  reduced
by 1/9000th part ol its r';{pii“ly at Tull
aperture. We hive already pointed ou

insignilicant.
case of an abjective

that the Jrreaenee ol amall ZaR Biilililes

cannot - he avouled i ol

aplical



making, To the uninitiated these bub-
bles are particularly conspicuous, and
he is inclined to endow them with ex-
aggerated significance, While they are
entirely unavoidable in the production
of the new glasses, they are nothing
more than blemishes which can offend
the eye only, since the loss of light
which they occasion is too slight to be
appreciated. The true amount of this
loss may be realized by a small cal-
culation. Let us suppose a certain lens
3 em. in diameter to contain 10 bubbles
0.1 mm, in diameter. This would mean
that within a surface of 706 square
millimetres an area of 0,0785 aquare
millimetres would be ineffective, so that
the total loss of light oceasioned by the
bubbles would be only 1/9000th of the
incident or transmissible light, When
the lens is stopped down to 1 em. this
opening will contain two bubbles. In
this somewhat wnfavourable case the
loss of light would therefore be 1/5000th
of the total transmissible light, These
are amounts which have no praetical

significance  whatever, and the most
punctilious  photographer would cer-
tainly not trouble to take any account
of them when estimating the required
time of exposure in any given case,

You will thus see that manufacturing
opticians are . well within their logical
rights when refusing to admig the pre-
senca of bubbles as reasonable grounds
for complaint,

It will have oceurred to you that the
production of photographic lenses in-
volvea a vast expenditure of time and
that it makes even greater demands
upon skill. True, in large
estublishments, as you have seen, the
operations are considerably simplified
and abridged by the introduction of
special machines, Nevertheless, in op-
tical manufacture far more is left to
the personal skill of the workmen than
in other branches of manufacture, and
this is not likely to be superseded for
time to come by mechanical
devices.

manual

a0me
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