





EVOLUTION of the ASTRONOMICAL EYEPIECE

PREF ACE

In writing this monograph about
astr onomical eyepieces Chris Lor d has
carried out a signal service for
astr onomers, be they amateur or pr  o-
fessional.

Infor mation on eyepieces is dif ficult to
obtain as it is well scatter ed. Much
that was available in the first half of

this century seems to have leant heav -
ily on the articles Optics & T  elescopes
in the 9th Edition of the
Encyclopaedia Britannica c1892! All

we seemed to r ead before the 19500s
wer e descriptions of Huyghenian;
Ramsden; Kellner; Orthoscopic, and,
per haps, solid eyepieces. In 1953
Horace Selby, writing in Amateur
Telescope Making: Book Three
br ought out a paper in which he gave
detailed descriptions of more than
forty dif ferent eyepieces - many of
which had been used during the
Second W orld W ar on advanced optical
equipment. This was a watershed -
but it was half a century ago.
Nowadays when computers are so
cheap and the softwar e so power ful it
is easy to for get the skill, knowledge,
and per haps even genius of the early
optical designers. Doing a single exact
ray trace thr ough an optical system
may well have taken an hour wher  eas
hundr eds of rays can now be traced in

a tiny fraction of a second. One can
almost instantly see the effects of
changing a parameter in a multi-ele -
ment system. In the U.K. optical
design was dominated by the methods

of Prof. Conrady of Imperial College,
London. In the 19308 the young
Horace Dall master ed these methods -
and much else besides. Soon he was
designing and making high power
micr oscope objectives that out-per-
formed anything commer cially avail -
able.

In the late 19600s, when | was Head of
the Optical Department of
Astr onomical Equipment Ltd., | would
take any available new eyepiece to
Horace Dall who would dismantle it
and pr oduce a detailed optical pr e
scription. These test r eports wer e not
published, as Selby had done - he did
however write an article suitable for
the non-specialist in the 1963
Yearbook of Astronomy. A slightly
modified version appeared in the
Jour nal of the British Astr  onomical
Association, 1969. He would design
and make specialist eyepieces when
the need ar ose. His extensive note -
books ar e now in an ar chive in the
Science Museum. Ther e are rich pick -
ings ther e for some futur e historian of
science. Since Horace Dall died in
1986 development of eyepieces has
gone on apace, gr eatly aided by the
computer r evolution. Maybe it will not

be too long befor e eyepieces incorpo -
rating aspheric plastic elements ar e
available at a reasonable cost.
Certainly designs have come a gr eat
distance since the Huyghenian and
Ramsden wer e the best available - but
the per fect eyepiece is some distance
away; and it will only be per  fect when
married to the right objective.

Chris Lor dOs recognition that it was
the development of the camera lens
and the micr oscope objective in the
latter half of the C19th that dr ove for -
war d eyepiece design, that and the
new glasses fr om Schott, indicates
what surely happened. It took a
Conrady or a Dall to take time out
from designing photographic lenses
and micr oscope objectives to impr ove
eyepieces. Let us hope that this mono -
graph may inspir e others to tur n their
hand to impr oving eyepiece design.

E.J. HYSOM FRAS., February 1997
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FOREWARD

Since its invention in the early C17th the
astronomical telescope has undergone
many fundamental design changes, mod-
ifications and on occaisions a complete
rethink. However it is not only the tele-
scope® objective that has been
improved. In the quest to obtain the very
best from the objective, the eyepiece has
also evolved to a degree of complexity
that rivals many camera lenses.

And it is not only newcomers to astrono-
my who find the plethora of currently
available eyepiece types somewhat
bewildering. Eyepiece design has devel-
oped apace during the past quarter of a
century, and many seasoned observers
possess but the sketchiest understanding
of recent designs and how their perform-
ance compares to the older and more
familiar types with which they grew up.
There are also a good many commonly
held misconceptions concerning familiar
eyepiece designs, and erroneous
assumptions about their modern counter-
parts. Many of these misconceptions are
repeated across several generations of
astronomical texts.

In describing the vast majority of the eye-
piece types one is likely to come across
and their properties, | have endeavoured
to fill a void in the literature upon tele-
scope usage. Much of this information is
hidden away in obscure non-astronomical
publications, even more scattered across
long out-of-print reference books.

I have intentionally omitted coverage of
erecting, variable power or zoom eye
pieces, more common in binoculars and
terrestrial spotting telescopes. This is not
to say these supplementary accessories
do not have a useful role in observation;
however one has to draw the line some-
where and in describing most fixed focus
inverting eyepieces, telescope users will
find this a useful guide.

Where circumstances warrant | have
expressed my own personal ophions
about some designs, particularly those
advertsed in American magazines. |
make no apology for this. They are my
own views based upon my experience in
using most of the eyepiece types |
describe, but they are not universally
held, and I leave it to the reader to make
up his or her own mind based on all the
available evidence. This is preferable to
blindly following advertising OhypeO. One
will learn a very biased little from the blan-
dishments of salesmen, and the amateur
whose knowledge of the topic is based
mainly on dealer catalogues in fact knows
less than little. Nor are the so called
OreviewO articles iAmerican magazines
as wholly objective as they would like to
imply, such is the power of the advertiser
upon whose revenue and good will the
publisher is almost entirely dependent.

One of the most significant points one can
make regarding objective-eyepiece com:
binations is that just because a particular
eyepiece works well with one telescope
does not mean it will necessarily work
equally well with another. That is why
some observers, the author included,
continue to acquire different eyepieces as
and when the opportunity arises. It is a
fascinating Cinderella subject, neglected
by practically every observing and tele-
scope handbook.

Read, learn and enjoy.

C.J.R. LORD B.Ed.,FR.A.S.
BRAYEBROOK OBSERVATORY
MARCH 1996
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EVOLUTION of the ASTRONOMICAL EYEPIECE

INTRODUCTION
Of equal importance in the astr  onomi- The evolution of the inverting eyepiece
cal telescope to the objective, is the has been one of incr easing field of view
eyepiece, and yet despite a wealth of and eye r elief whilst simultaneously
technical infor mation written about the striving to reduce aberrations that
former, little has been written about restrict that field of view. As well as
eyepieces per sZ. The aberrations of the providing ray path schematics of the
objective ar e rar ely viewed in isolation, most well known types to accompany
and it is not generally appr  eciated that their descriptions, the author has also
in most cir cumstances it is the aberra - drawn a family tr  ee showing the devel -
tions of the eyepiece which pr edomi- opment of all the dif ferent types in
nate. broad ter ms, and how they r elate to
each other . Readers will find it helpful
In this monograph it is my intention to to r efer to this diagram when consult -
rectify this omission and acquaint ing the individual eyepiece descrip -
readers with the specific pr operties of tions.

many dif ferent inverting eyepiece types
that have been designed over the past
thr ee centuries.
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The important basic optical pr  operties of an astr onomical eyepiece ar e its focal length,
appar ent field of view and eye r  elief. When fitted to a particular telescope it will be af flict -
ed by various aberrations and exhibit the following characteristics to some extent or

another:

a) longitudinal chr omatic aberration

b) chr omatic inequality of magnification (lateral colour)
c) spherical aberration

d) coma

e) astigmatism

f) field curvatur e

Q) distortion

h) spherical aberration of the exit pupil

i) inter nal r eflections (ghost images)

Because optical aberrations Oa0 thruO OeO a proportional to the diameter of the exit pupil,
the longer the focal length the mor e pr onounced they become.
Eye relief is given by:
_ bfl.Fe?
F

Er

wher e bfl is the eyepiece back focal length. It incr eases with the focal ratio of the objec -
tive, i.e. as the focal ratio becomes faster

a) Longitudinal chr omatic aberration is a first or  der aberration in which the final
image does not lie in a single plane. An under corr ected eyepiece will have a longer ef fec-
tive focal length in r ed light, an over corr ected eyepiece a longer ef fective focal length in
blue light.

b) Chr omatic inequality of magnification is a consequence of Oad, wher e the image is
magnified by slightly dif  ferent amounts at dif ferent wavelengths. When the image is dis -
placed towar ds the field stop, lateral colour manifests itself, r ed inwar ds in under cor-
rected types and blue inwar ds in over corrected types. Itis ther efore possible to detect the
colour corr ection of an eyepiece by examining the colour fringing ar ound the field stop
when it is held up to a white light sour ce and placing the eye at the eye point. If the field
stop is fringed with r  ed light the eyepiece is under corr ected, and if fringed with blue light,
over corr ected.

C) Spherical aberration is suppr  essed in multi-element designs, but it is pr esent in
single or two element designs to some extent or another . The faster the focal ratio of the
objective the mor e objectionable spherical aberration, if pr esent, becomes, incr easing as
the squar e of the f/no.

d&e) Coma and astigmatism ar e off axis aberrations. In aplanatic (r  ef.p23) eye -
piece designs coma is well suppr essed, and in orthoscopic designs both coma and astig -
matism. However in wide angle designs it is not possible to corr ect both distortion and
astigmatism in the outfield. Because, in astr onomical applications, distortion is judged
to be less objectionable, astigmatism is suppr essed at its expense. Both astigmatism and
coma occur in combination and manifest themselves by an assymetric appearance of the
Airy disc.

10
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f) Curvatur e of the focal sur face in the absence of astig,matism is called the Petzval

sur face. Most telescope objectives and positive eyepieces have positive Petzval field cur -
vatur e. In the absence of astigmatism the image of a point sour ce is for med on a curved
sur face. If astigmatism is intr  oduced the focal sur face moves away fr om the Petzval sur -
face towar ds the Guassian image plane (perpendicular to the optical axis). As it does so
however the best focus deteriorates since its quality depends on the magnitude of the
astigmatism alone. Thus, whilst the out-of-focus associated with Petzval field curvatur e
is r educed, the astigmatism is incr  eased.

9) Distortion is analogous to inequality of magnification with field radius. Positive
distortion isr eferr ed to as pincushion and negative distortion is r eferr ed to as barr el dis -
tortion. Distortion is well suppr essed in orthoscopic designs. It is not possible to simul -
taneously corr ect coma and distortion at the same field radius.

h) Not strictly an optical aberration, spherical aberration of the exit pupil manifests

itself by all light pencils not cr ossing the optical axis at the same distance behind the

field stop. The wider the exit pupil the mor e of a nuisance this r esidual pr operty of many
ultra-wide angle designs becomes. Sometimes it is r eferred to as the kidney-bean ef fect
because it causes zones of the field of view shaped thus to darken.

i) Inter nal r eflections occur at all sur  faces wher e ther e is an abrupt changeinr  efrac-
tive index (typically mor e than 0.25). Single inter  nal r eflections cause light to be scatter  ed
across the field, only double r eflections can lead to ghost images. Not all ghost images
come to a focus. Those that do not only cause light scatter acr oss the fieldand ar educ-
tion in image contrast. Not all coatings can eliminate ghosts. The number of potential
ghosts is given by:

1 o]
wher e N is the number of air -glass sur -

faces and cemented sur faces with an index gradient mor e than 1 4 - The potential pr ob-
lems of ghosting incr  ease rapidly with the number of lens gr oups.

Number of r eflecting sur faces Potential Ghosts Eyepiece T ypes
2 1 Tolles
3 3 Steinheil Loupe
4 6 Orthoscopic; PISssl; Galoc
6 15 Bertele; KSnig
8 28 Panoptic; Nagler I;
Leitz W idefeld
10 45 Nagler Il; Meade UW A

It must be emphasised that

1 o]
2 N ?\I 1ia
indicates the number of Opotential® ghosts, not
the actual number . The task of the designer is to ensur e that inter nal r eflections do not
focus in or near the image plane and for m ghost images. But, the incr  ease in transmis -
sion losses due to inter nal r eflections, even if the designer can cleverly avoid the for ma-
tion of ghost images becomes a big pr  oblem in complex multi-element designs.

11
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Reflection losses may be quantified in ter
boundary, hence:

% -m

>~
lA\-"
]
3
e
_‘E
H

for a cemented sur face wher e:

n})OZU

ms of the r efractive index gradient at the media

24
F mn0
mo

'O"‘<~'C

m=m, =15 (Canada balsam or Xylol)

and wher e:
m =17 k=0.3%
m =18 k =0.83%
m =19 k=138%
m =20 k =2.04%
and at an air -glass sur face wher e:
m =1.0
m =15 k=4.0%
m =16 k =5.33%
m=17 k=6.72%
m=18 k=8.16%
=19 k=963%
m =20 k =1111%

It is ther efore evident that r eflection
losses from an air -glass sur face are
greater than fr om a cemented sur face,
but they also incr ease with the index
gradient. Because the r efractive index
of glass changes with wavelength (dis -
persion), r eflection losses vary acr 0ss
the spectrum, which is why ghosts
often assume a specific hue.

Anti-r eflection coatings, developed in
the late 19300s can virtually eliminate
reflection at air -glass sur faces. The
principle involved is the suppr  ession of
the reflected incident ray by destruc -
tive interference, balanced by con-
structive inter ference in the transmit -
ted pencil arising fr om r eflection with -
in the film.
This can occur when the squar e of the

12

coating index equals the glass index,
the optical thickness of the film being a
quarter wave. Her ein though lies the
first dif ficulty, for:
Jr_n for crown and flint glass are
respectively 1.231 & 1.271, and
no solids have r efractive indices as low
as this. Among the near est are lithium
fluoride ( n¥1.39, r educing the loss fr om
between 4% - 5%, to a theor etical
0.1%,- near er 1.5% in practice - over
the visual spectrum); calcium fluoride
(nr+1.34); sodium and magnesium fluo -
rides; magnesium chloride; silicon
dioxide ( mF1.46); cryolite and certain
fatty acids.

None of these ar e perfect: lithium fluo -
ride is fragile and soluble in water
hence useless for outer sur faces;
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magnesium salts, although more
durable, ar e less efficient; the fatty
acids ar e also only suitable for inter nal
air -glass sur faces; cryolite is r esistant
to most corr osive agents, but not to
water; silicon dioxide, mor e stable than
cryolite to water , is less r esistant to
abrasion, but of all the materials avail -
able, it is the most satisfactory pr otec-
tive coating.

In or der to get r ound the dif ficulties in
suppr essing reflections off air-glass
sur faces, caused by the limitations of
these individual materials, lens manu -
factur ers resorted to multiple layer
films. By arranging the coatings such
that the squar e of the outer coating
index equals the adjacent coating
index, and so on thr ough to the glass
index, and ensuring the exter  nal coat -
ing is durable (e.g. silicon dioxide),
then r eflection losses of f air -glass sur -
faces may be r educed to almost zer o
across the entir e spectrum. This tech -
nique is ter med Omulti-coating®.

EYEPIECE TYPE

Uncoated
SINGLE LENS 8%
ORTHOSCOPIC 16.8%
ULTRA-WIDE ANGLE 41.44%

Magnesium Fluoride
2%

4.8%
11.4%
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It is however impossible to reduce
reflection losses at a cemented sur  face
wher e there is an index gradient
because the balsam cannot have pr e-
cisely the same index as the dif ferent
glasses either side of it! So, as long as
ther e is an index gradient, inevitably
ther e is a r eflection loss.

As an illustration of the seriousness of
this pr oblem, consider thr ee different
eyepieces: a single element cr own lens
with only two air -glass sur faces; an
orthoscopic with four air -glass sur -
faces and two cemented surfaces
wher e the index gradient is 0.2; a
multi-element ultra-wide angle eye-
piece with ten air -glass sur faces and
thr ee cemented surfaces where the
index gradient is only 0.1.

W ithout multi-coatings on all air -glass
sur faces the ultra-wide angle design
would not be practicable. The table
also illustrates the significance of anti-
reflection coatings in maximising
transmission and image contrast.

REFLECTION LOSSES
Multi-coating
0.2%

0.8%

2.4%
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PROPER TIES OF AN ASTRONOMICAL EYEPIECE WHEN USED IN
COMBINA TION WITH A TELESCOPE OBJECTIVE

The magnification is given by:
_F_D
Fe Ep

wher e F is the objective ef fective focal length
D is the objective apertur e
Fe is the eyepiece ef fective focal length
Ep is the exit pupil diameter
This can be incr eased by employing a Barlow lens,
wher e amplification:

M

S
A==
d

&
S=B(A-1)

wher e B is the Barlow focal length

In ter ms of objective apertur
ful magnification range is:

By incr easing the ef fective focal length
of the objective in this way, the focal
ratio is r educed, which impr oves off
axis per formance and r educes r esidual

| _ _ 2Dm 2 M3 0.125D
chr omatic and spherical aberrations

The

e, the use -

owing to the smaller exit pupil.

The useful range of exit pupil diame -
ters lies between 8mm and 0.5mm. An
exit pupil much wider than 8mm, the
widest pupilliary opening, ef fectively
stops down the objective; exit pupils
smaller than 0.5mm ar e accompanied
by unwanted dif fraction ef fects that
significantly r educe contrast.

15

exit pupil is r elated to the objective
focal ratio by:

Fe
f /no.

Ep=

and hence the upper and lower limits
of the eyepiece focal length ar e depend -
ent pur ely on the objective focal ratio:

at Ivlmin
at M.,

Fe,..=8.f/na
Fe.., = 0.5.f /no.
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The appar ent field of view is gover ned
by the eyepiece design, and is given by:

6 ..,€e
q=-sin"=
p 2
wher e:
Ed

e

wher e Ed is the field
stop diameter , pr ovided angular mag -
nification distortion andr  ectilinear dis -
tortion ar e fully corr ected. In the pr es-
ence of either , i.e. wher e the condition
of orthoscopy is not met, then e is mod -
ified by:

Ed
e == (1+ Etan’q)

wher e E is the coef ficient of distortion
and J the appar ent field. In some wide

angle designs, such as the Er fle and
the Nagler, rectilinear distortion
exceeds 25% (E=0.25+), although

angular magnification distortion is
suppr essed (E=0.05-). It is not possible

to suppr ess both angular magnifica -
tion distortion and r ectilinear distor -
tion simultaneously at the same field
radius because the for mer is pr opor-
tional to the tangent of the angular
field radius, and the latter the field
radius in radians. In military eye-
pieces, and binocular eyepieces,

16

wher e terr estrial objects ar e viewed,
rectilinear distortion is undesirable,
and it is suppr essed at the expense of
astigmatism. The r eal field is given by:

F
q¢=2tan". € tand
F 2

and is limited by the diameter of the
drawtube, hence:

q¢=2tan™. Ed
2F
and

48

p. D(mn)

Ed

sint ——
16.f /no.

qu:ax =

hence for a given apertur e, the widest
real field incr eases with the focal ratio.

The eye relief or eye clearance is also
governed by the design, and can very
from zero to over 1.0Fe. Having too
great an eye clearance can pr ove as
bothersome as having none at all.
Values between 0.6Fe to 0.9Fe ar e to
be desired in medium focal lengths
(10mm to 25mm), the latter enabling
spectacle wear ers to observe without
having to r emove them.
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The appar ent field widensasthe field stop isenlar ged for a given eyepiece focal
length. Seven separate curves repr esent appar ent fields for differ ent positive
coefficients of distortion. For example, when the diameter of the field stop
equals the focal length, in the absence of distortion the field is 57G03. When
E=0.1 the field enlarges to 66 The zero digortion field is referred to as the
geometric fidd. Distor tion incr eases from zer o on axis to the coefficient value
at the field Ilimit, and varies with the cube of the field radius.

17
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EYEPIECE DESIGNS

Eyepiece designs fall into six basic cat -
egories: sdid; negative; orthoscopic;
achr omatic/wide-field; negative-posi-
tive; compensating.

A solid eyepiece is any which has only
two air -glass sur faces, r egardless of
the number of elements. The negative,
negative-positive and compensating
types possess an inter nal field stop. All
other types have an exter nal field stop.
Orthoscopic eyepieces ar e, in principle,
those corr ected for both coma and dis -
tortion. They ar e also corr ected for lon -
gitudinal spherical and chromatic
aberrations and lateral colour , usually
over a field not wider than a radian
(57i). Achromatic/W ide-field types
extend the fields and aberration corr ec-
tion of simpler types, and encompass
the majority of eyeyieces developed
over the past 150 years.

SINGLE LENS EYEPIECES:

The most primitive inverting eyepiece
was r ecommended by Johannes Kepler

in 1610 and bears his name. Originally

it was an equi-convex lens, but it was
realised that if the lens was alter ed
such that the first sur face became
shallower , or even plane, aberrations
would be r educed slightly. Bearing in
mind the very long focal lengths of the
single element refracting objectives
used in astronomical telescopes
throughout the C17th. KeplerOs eye -
piece was all that was needed. The field

of full illumination is given by:

tans = (m- 1) - L
2 2.f/ na

where m is the glass r efractive index.
Off axis aberrations become intolerable
though when  Q > 15j, but since the
focal ratio of single element objective
refractors was typically /100, and the
biggest eyepiece lenses wer e no wider
than 100mm, this limitation is some -
what academic.

18

The exit pupil lies at:

1s
F§+ﬁz

hence: Er » Fe

THE SPHERICAL LENS EYEPIECE:

An extr eme form of equi-convex, first
employed by the microscopist
Leeuwenhoek, is the spherical lens.
Eyepieces of this for m wer e made by
William Herschel fr om 1768 onwar ds.
The glass spher es were made by dr op-
ping beads of molten glass into water
and selecting and mounting them in

tur ned holders of lignum vitae. The
focal length is given by:

mr
2(m- 1)
and because, for ordinary window
crown, m=1.5; Fe = 1.5r and Er =

0.5Fe. T oincr ease Er mar ginally, a flat
was polished on the side facing the eye.

Whilst secr etary of the Royal Society,
William Hyde W ollaston (1766-1828)
devised a modified for m of spherical
magnifier , having a pair of plano-con -
vex hemispherical lenses cemented
back to back with a central field stop.
David Br ewster subsequently devised a
larger version, with the edge hollow
ground giving the finished lens the
appearance of a diablo. Ther e followed
other variants of the spherical lens
magnifier . The Coddington, in which
the first and second sur face had the
same radius struck fr om a common
centr e; the field being defined by acen -
tral gr oove gr ound into the edge. About
the same period (early C19th.) Charles
Stanhope, the botanist, devised anoth -
er solid for m, in which the field sur  face
was made much shallower
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None of these spherical or quasi-spher -
ical for ms possessed good edge defini -
tion. Spherical and chr omatic aberra -
tions wer e so heavily under corrected
that the central definition fell off
markedly.

The first ef fective solution to this pr  ob-
lem appear ed in the United States of
America in the middle of the last cen -
tury when Robert B. T  olles developed a
micr oscope objective in the for m of a
solid Huyghenian (to be described
later). T olles r ealised that chr omatic
inequality of magnification could be
suppr essed simultaneously with longi -
tudinal spherical aberration when the
overall length of the lens is r elated to
the r efractive index and sur face radii.
Hence for chr omatic corr ection, the
separation of r ; &r, becomes:
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The design was later manufactur ed
and sold as an inverting eyepiece. In its
common for m 2r ;4 =3r ,. Known as the

Opoor manOs orthoscopicO, the TOLLES
has unfortunately zer o eye relief. A
negative flint eye cap, an innovation
intr oduced by Hastings, incr eases eye
relief no mor e than 0.1Fe. The field is
restricted to 200, but transmission is
very high, and ther e is only one poten -
tial ghost (in practice ther e are none).
The design, originally intended to work

at /30, in fact works well down to
/10, after which spherical aberration
becomes objectionable. The author has

of late r eworked T ollesO elationship for
both spherical and chr omatic corr ec-
tion, and has incr eased eye r elief to a
modest 0.3Fe; widened the field to 350
and shifted the field stop onto the edge

of the first sur face, giving the field of
view a sharply defined boundary.
Greenwood has made pr ototypes in a
variety of focal lengths using BK7
cr own, which exhibit excellent corr ec-
tion at f/15.
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VARIANTS OF SOLID EYEPIECES:

No single element eyepiece, no matter
what the for m or figur e on its sur face
can be corr ected for both spherical and
chromatic aberration. Following the
manufactur e of Chester Moor HallOs
pr ototype achr omatic doublet by the
jobbing optician Geor ge Bass, and the
work of Leonhard Euler and S.
Klingenstier na on the geometrical
method of simultaneously corr  ecting
both spherical and chr omatic aberra -
tion in object-glasses, John Dollond
assembled the first achr omatic lens. It
had plano-concave flint and equi-con -
vex crown components, with focal
length in the ratio of their dispersive
powers. Dollond manufactur ed dou -
blets in small sizes fr om about 1759,
and employed them in micr oscopes
and telescopes as objectives and as an
inverting eyepiece.

THE ACHROMA TIC DOUBLET :

Possesses a much wider field with
superior edge definition to a simple
Keplerian type, and was well suited to
the shorter focal length achromatic
r efractors of the late C18th. It shar es
the same eye r elief of about 0.9Fe.
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Lenses of this for m wer e scarce and
expensive to pr oduce because of the
dif ficulty in pouring bubble and striae
free flint glass. It was not until 1828
when H. Guinand founded an optical-
glass works at Choisy-le-Roi, on the
principles of the r esearch carried out
by his father , Pierr e Louis Guinand, a
Swiss hor ologist of Les Br enets, for
Joseph Fraunhofer , that this techno -
logical deficiency was r ectified. During
the Fr ench r evolution of 1848, Geor ge
Bontemps, an employee of Guinand,
left for England bringing with him a
number of Fr ench and Belgium sheet-
glassmakers. Bontemps joined the
newly founded Birmingham firm,
Chance Br others, and imparted his
technical knowledge. Within a few
years, English optical-glass pr  oduction
surpassed that established on the
Continent.

It was only with the development of
optical-glass production technology,
and the availability of a variety of

cr own and flint glasses having dif ~ fering
r efracting and dispersive powers. that

it became feasible to design and
manufactur e achromatic lenses in
any quantity.
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TWO LENS EYEPIECES:
chr omatic inequality of magnification,

The first two element eyepiece; the and pr ovide a wider field by r eimaging
HUYGHENIAN - was developed fr om the objective using a field lens.

the principles of r efraction deter mined

by Wilebr ord Snell and RenZ Suppr ession of lateral colour r equir es
Descartes, by the Dutch physicist that emergent pencils of different
Christiaan Huyghens in 1703. It may wavelength be parallel. The equivalent
be justifiably regarded as the first focal length of a two lens combination
intentionally  designed eyepiece. is given by:

HuyghensOconcern was to minimise

i

- f,.+f-d wher e d is the lens separation

If both lenses have the same r  efractive index, for a given DI their focii will each alter by
DA »
hence:

f.f, f,.f,(1+Df)’

f+f,-d f(1+0F)+f,(1+Df)- d

and neglecting powers of
DA :

(f,+ f,X1+Df)- d=(f, +f,- d)(1+2Df)
d=2(f,+ 1)

In the Huyghenian eyepiece A | = 3A, is the condition of minimum spherical aberration,
ther efore:

and:
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TWO LENS EYEPIECES (cont.):

HUYGHENIAN (cont.): Although lat -
eral colour is corr ected, the longitudi -
nal aberrations ar e added, and this
residual spherical and chr  omatic err or,
together with coma and angular mag -
nification distortion, become objection -
able at focal ratios faster than f/12.
The appar ent field is about 400, but eye
relief is less than 0.3Fe. Also the field
stop lies between the field and eye
lenses, and in high powers becomes
fringed with false colour

RAMSDEN - the second two element
design, devised by Jesse Ramsden the
London instrument maker in 1783. It
consists of two plano-convex cr own
lenses of equal powers, their convex
sur faces tur ned inwar ds. ldeally for
lateral colour corr ection,

wher e:

d:%(fl-'- fZ)

Fe=d= Al

However this brings the field stop into
coincidence with the eye lens, hence
zero eye relief, and every imper fection
on the field lens is thr  own into sharp
focus. In practice therefore d is
reduced to between 0.8Fe and 0.6Fe,
with incr easing under corr ected lateral
colour .
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RAMSDEN (cont.):

The design is noted for its fr  eedom fr om
rectilinear distortion over a 350 appar -
ent field, making it ideal for micr ome-
ters and finders, wher e cross wir es are
employed.

A recent modification usng fluorite
lenses incr eases the appar ent field to
600 and r educes lateral colour

Spherical aberration, coma and longi -
tudinal colour become objectionable
below f/8.

VARIANTS OF THE HUYGHENIAN:

In 1812 W ollaston discover ed that a
meniscus-shaped lens pr oduced less
longitudinal spherical aberration and
gave a flatter field than a simple plano-
convex field lens. The Dutch optician
Mittenzuuey used this to modify the
Huyghenian by incorporating a positive
meniscus field lens and eye lens.

Later the astr onomer Geor ge Biddell
Airy widened the appar ent to 450 by
intr oducing a bi-convex field lens.
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VARIANTS OF THE
HUYGHENIAN (cont):

Almost a century later the American
optician Hastings adopted an achr  o-
matic doublet eye lens, with a plano-
convex field lens to incr ease eye relief
and impr ove off axis per formance at
focal ratios down to about /7.

FURTHER V ARIANTS OF SOLID
EYEPIECES :

Development of the achr omatic lens on
the Continent during the 18200s and
18300s was driven primarily by the
desir e to pr oduce shorter focal length
refracting objectives with imaging
characteristics superior to those of the
Newtonian r eflector. In smaller diame -
ters and shorter focal lengths, achr  o-
matic objectives found their way into

the camera lucida and eventually the
early camera Chevalier supplied
achr omatic landscape lenses for the
Daguerr eotype camera in the late
18300s. Shorter focal lengths could be
used as low power wide field eyepieces.
The appar ent field was still r  estrictive
though, no mor e than 150.

In the 18600s Hugo Steinheil and Max
von Seidel (the mathematician who had
recently established a theory of lens
aberrations), simultaneously with
John Henry Dallmeyer , developed the
wide-angle r ectilinear lens. The for m of
this lens comprised a pair of meniscus
doublets about a field stop. The key to

the success of this camera objective lay

in the choice of glass. The components

of each doublet dif fered as much as
possible in r efractive index yet lay as
close as possible in dispersive power
The lower -index positive elements wer e
inside, close to the stop, while the
higher -index negative elements wer e
outside. Among the glasses available in
1866 ther e were only a few flint glass -
es that metthe r equir ements, and both
Dallmeyer and Steinheil selected two
flints, one light and one dense. The
wide-angle version of this lens
employed steeply curved meniscus
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doublets which worked well at /18.
Steinheil used this meniscus doublet
as an eyepiece in some of their smaller
brass r efractors. The doublet was not
only achr omatic, it was also aplanatic
(corr ected for both spherical aberration
and coma).

The driving for ce behind the establish -
ment of the optical theory necessary for

the design of multi-element wide angle
lenses was not the astr onomical tele -
scope, but the micr oscope and photog -
raphy. The first successful high-index
crown glasses wer e manufactur ed by
AbbZ & Schott at the Jena glassworks

in Ger many.

Er nst AbbZ (1840-1905), a young 26-
year old physics professor at the
University of Jena, was hir ed in 1866
by Carl Zeiss (1816-1888) to put his
instrument workshop on a viable foot -
ing. AbbZ worked first on the design of
the micr oscope and by 1880 he r eal-
ized that he needed some radically new
types of glass to r emove the secondary
spectrum of a micr  oscope objective. He
persuaded the 29-year old Otto Schott
(1851-1935), a dass maker from
Witten, to join him in establishing a
glass factory at Jena.

In the incr edibly short interval of six
years they wer e able to issue a cata -
logue containing 44 types of glass,
many of which wer e entir ely novel. At
the low dispersion end wer e four phos -
phate cr owns, which wer e inter esting
but unfortunately so unstable chemi -
cally that they had to be withdrawn.
Next came thr ee barium cr owns, useful
in r educing the field curvatur e of a
compound lens, followed by a series of
borate flints, which wer e the glasses
AbbZ needed.

An achr omat composed of a high-index
barium cr own element combined with

a low index borate flint has a smaller
Petzval sum but incr eased spherical
aberration, than the Chevalier land -
scape lens.
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If ris the sur face radius of curvatur e
of the anastigmatic image, f the focal
length of an equivalent thin lens, and

the r efractive indices of the lens and
spaces separated by the sur face,

the Petzvalsum 1 o 1 o mtm

ro a fm a mme
During the following years a number of
Barium cr own glasses in the Schott
catalogue steadily incr eased, and these
glasses wer e immediately adopted by
lens designers in an ef fort to r educe
astigmatism in photographic objec-
tives.

Steinheil®s development of his aplanat -
ic rectilinear lens led by 1880 to the

Group Aplanat, which had surfaces
whose curvature shared a common centre.
This novel design of photographic
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objective underlay the MONOCENTRIC
eyepiece. The lens consisted of a thick
cemented triplet, with an equi-convex
barium cr own flanked by borate flint
negative meniscus elements. Another
assymetric version had an even thicker
crown and forwar d flint with a thinner
double extra-dense flint eye lens. These
are the most nearly per fect eyepieces
ever designed, having highly corr  ected
achr omatic and orthoscopic fields, flat
over the gr eater part, and very dark.
Eye r elief is as high as 0.85Fe, but the
appar ent field is r estricted to 280. An
aspheric design by Richard A.
Buchr oeder of T uscon, possesses a 400
field with r educed eye clearance, but
has not been manufactur ed. Steinhell
Monocentrics may be used down to /6

or f/5.
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In the mid 18800s Dr . Hugo Schr oeder
pr oduced a high power design of triplet
with a wider , flatter field, suited to
micr ometric work because of the com -
paratively lar ge distance between the
lensO first sur face and the web. The
triplet lens was composed of a dense
flint plano-convex between two lenses

of soft cr own. The apertur e of the lens
could be half its focal length without
any sensible defect in angular magnifi -
cation or r ectilinear distortion.
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In 1890 Er nst AbbZ and Paul Rudolph
tur ned their attention fr  om micr oscope
to photographic objectives. They felt
their work on what AbbZ had come to

ter m OapochromaticO lenses could have
a useful application in the field of pho -
tography. Their initial lens consisted of

a thick cemented triplet in the middle

of an existing symmetrical lens called
the Periscopic. A Ger man patent was
taken out on behalf of Zeiss by
Rudolph in 1911, registering their

triplet design. Zeiss marketed this
Monocentric variant in several for ms
until the mid-19500s.

There ar e two other designs of cement -
ed triplet; the HASTINGS LOUPE and
the assymetric LOUPE TRIPLET - both
developed in the 19100s. They ar e still
the most common for m of achr omatic,
wide-angle, hand magnifier
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ORTHOSCOPIC EYEPIECES:

The quest for distortionless imaging
characteristics of photographic objec -
tives in the 18500s and 18600s led C.A.
Steinheil to design the Periscop lens in
1865. Prior to this in 1859 the Petzval
Orthoskop appear ed. The fundamental
pr operty of any orthopscopic lens is
that it should have a wide flat field fr ee
from r ectilinear distortion and angular
magnification distortion.

In 1880 Er nst AbbZ br ought out an
Orthoscopic eyepiece for Zeiss. The
field lens is an over corrected triplet
combination with a negative compo -
nent in the middle, followed by a simple
plano-convex eye lens, convex sur face
almost in contad. This eyepiece is
remarkable for gr eat eye clearance and
has given rise to a whole family of eye -
pieces, some of them of very complex
for m. In AbbZOs design har d crown and
dense flint glasses wer e used to secur e
an appar ent field of 300, and an eye
clearance of 0.8Fe. The Zeiss
Orthoscopic patented in 1930 made

use of less usual glasses; barium
crown, extra-dense flint and borate
flint. This incr eased the appar ent field
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to 400 at /5. In the mid-19300s Barr
and Str oud patented an orthoscopic
eyepiece in which the simple eye lens is
bi-convex, with the steeper convex sur -
face remote fr om the eye having a par -
abolic figur e. This widened the distor -
tion fr ee field to 640 and the eye clear -
ance was extended to 0.91Fe. The
glasses used wer e boro-silicate cr own
and extra-dense flint.

Another aspheric variant was designed
for Zeiss, pr obably by Robert Richter in
1934.

Accor ding to the British patent, the
thir d surface (a steeply convex face
of an over-corr ected eye triplet) was
parabolized and provided a wide-
angle eyepiece with a 530 field in
w hich distortion was eliminated; the
lateral colour removed without use
being made of more than one lens of
flint glass; astigmatism reduced to
that resulting from the Petzval cur-
vatur e, and spherical aberration of
the exit pupil eliminated or margin-
ally reversed. Eye clearance was
reduced slightly to 0.66 Fe.
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An other
Kalliscopic

1941 variant called

KSnig or Richter . It had a thicker lead

ing element to the field triplet and a
field of 430 at f/4.5, and 0.83Fe eye
r elief.

In 1924 the Goerz company patented
two orthoscopic types having 1-3-1 &

Orthoskop was pr obably
designed for Zeiss by eithea Abert
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2-3-2 configurations. The 1-3-1 had a
central triplet similar to the AbbZ Loupe,

flanked by a plano-convex eye lens and a
meniscus field lens. This modification

had a 600field and 0.59Fe eye clear-
ance and used barium crown and
extra-dense flint glasses. The 2-3-2
had a 550field, 0.46Fe eye clearan ce
and used boro-silicate crown and
dense flint glasses. Both designs
wer e used in military binoculars
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GALOC -

Another wide angle variant, designed designed for the M.o.D. (Ministry of
by Galoc in 1935 for military use has a Defence) have very flat 600 fields at /4
triplet field lens and a meniscus dou - completely fr ee from r ectilinear distor -
blet eye lens. The appar ent field is 750 tion, lateral colour , and minimal astig -
at f/4 and eye clearance 0.8Fe. This matism. These eyepieces ar e highly
design is still used in moder  n military corr ected with extended eye clearance
optical equipment. T wo modifications of 1.2Fe.
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ACHROMA TIC & WIDE-FIELD
EYEPIECES:

The achr omatic wide-field eyepiece is a
development of the positive Ramsden.
Spherical aberration and longitudinal
chromatic aberration become objec-
tionable in the simple Ramsden at focal
ratios faster than f/8. The field is
restricted by coma (lateral spherical
aberration) because it is impossible to
correct coma using elements of the
same glass type.

The availability of flint glass fr  ee from
striae and bubbles from the mid-
18400s made it feasible to design and
manufactur e, for the first time, an
achr omatized Ramsden which was fr ee
of these r estrictions.

The KELLNER -

This was done by an Austrian micr  o-
scopist called Karl Kellner and
described in his 1849 publication, ODas
Orthoskopische Ocular®. The original
Kellner eyepiece was intended for use
as a micr oscope eyepiece and had a
plano-convex field lens, plane sur  face
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The KELLNER (Cont.):

towar ds the field stop, and an over  -cor-
rected doublet eye lens with the plano-
concave flint outwar ds. The field was
not wide, only about 300 at /6, and the

eye relief a modest 0.4Fe. For the
micr oscope this was a decided
impr ovement, but the design needed
some slight modification for use as an
inverting astronomical eyepiece.
Kellner widened the field to 450f/6 by
changing the for m of the field lens fr om
plano-convex to bi-convex, with the
shallower face towar ds the field stop,
and incr easing the over -corr ection of
the eye doublet to compensate. The
incr eased power of the negative
element also marginally extended
the eye clearance to 0.45Fe.

The Kellner in
this modified
for m gives wide,
flat fields and
excellent colour
corr ection and
orthoscopy.

However the
Kellner is noto-
rious for ghost-
ing, although

moder n anti-
reflection

coatings

reduce the
problem sig-
nificantly.
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The PL...SSL -

A separate development of the
Ramsden by Gustiv Simon PISssl in
1860 led to a class of orthoscopic,
achr omatic, wide-field eyepieces,
referred to variously as the
Symmetrical, the Dial-Sight, and the
PISssl.

The for ce behind the technical innova -
tions that enabled PISssl to design this
class of eyepieces in the 18600s again
lay with the needs of the photographer
and micr oscopist.

G.S. Pl&ssl was apprenticed to
VoigtlSnder in 1812 when he was 18,
and in 1823 he decided to establish his
own company in Vienna. There he
made micr oscope objectives, which he
designed himself, and opera glasses. At
the 1830 Scientific Congress in
Heidelber g he received a prize for the
best achr omatic micr oscope.
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In 1839 he is r eported to have made a
Daguerr otype camera and modified the
Chevalier landscape lens. In the year of
his death at the age of 74 the Optical
Society of V ienna named a medal in his
honour .

PI$ssI@ modification of Chevalier®
achr omatic doublet anticipated that of
Steinheil and Dallmeyer by almost
quarter of a century.

The first Symmetrical eyepiece consisted

of a matched pair of PIssslOs modified
achr omatic and aplanatic doublets, with
their crown bi-convex elements facing
inwar ds. Their separation was about
0.5Fe, so eye r elief was gener ous (0.8Fe)
and the appar ent field about 400 at f/6.
Orthoscopy and lateral colour corr  ection
were excellent down to f/4.
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The true PISssl eyepiece, as manufac -
tur ed by Carl Zeiss, and after W .W.II by
ets ClavZ and now Kinoptique, has the
crown elements almost in contact (the
separation can be as little as 2 thou -
sandths of an inch), and the eye dou -
blet has a shorter focal length than the
field doublet. This widens the appar ent
field to 450 at /6 at the expense of eye
clearance (0.7Fe). In its best for m, this
design is distortion fr ee, and has no
detectable lateral colour , even at f/4.
Fields ar e dark and ghost fr ee, and
contrast is excellent. However , unlike
the AbbZ Orthoscopic and its deriva -
tives, wher e longitudinal spherical cor -
rection is zer o on axis, the assymetric
form of the PISssl leads to a zonal cor -
rection and the sharpest imagery does
not occur on axis but some 30%

towar ds the edge of the field of view. At
low to medium powers this is of no con -
sequence, but it is noticeable at high
powers (exit pupils less than 1.5mm).

The thir d class of this for m of eyepiece
is called the Dial-Sight. It has achr o-
matic and aplanatic doublets with
plano-concave elements facing inwar  ds,
and separated, again typically about
0.5Fe. This gives gr eater eye clearance
(0.8Fe), but also a flat field completely

fr ee from r ectilinear distortion.
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This variant is intended to be used with

a graticule divided for micrometric
adjustment. It became known as the
Dial-Sight thr ough its use in military
tar get rangefinding optics. The range
was set using a moveable graticule
driven by divided drum heads.

ACHROMA TIC WIDE-FIELD
DERIV ATIVES:

Both the achromatic Ramsden and
Kellner , and the Symmetrical and
PISssl, spawned a plethora of wide-
angle derivatives.

DERIV ATIVES OF THE KELLNER:

COOKE 3 LENS -
attempt to impr

In a successful
ove the per formance,

Harold Dennis T aylor (1862-1943) of
Cooke T roughton & Simms, r  esorted to
a triple for m of eye lens and arranged
to fix the position of the exit pupil with
respect to the eye lens by varying the
power of the field lens to suit the focal
length of the objective, This eyepiece
yielded a r emarkably flat field simulta -
neously corr ected over 500 for both
angular magnification and r  ectilinear
distortion. The design when matched to
the objective was also truly aplanatic.
Eye clearance was a modest 0.45Fe.
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COOKE 5 LENS - Dennis T aylor took
out a British patent on behaf of
CookeOs in 1900 for the 3 lens type and

in 1918 patented a 1-3-2 computed
design which also possessed Kellner
characteristics. It consisted of a simple
field lens having approximately the
focal length of the objective, the duty of
which was to collimate the principal
rays and fix the position of the exit
pupil. The triple collective lens had the
crown glass elements in the centr e and
the doublet eye lens was of the
Steinheil for m. This type of eyepiece
was made in lar ge numbers and could
be used with ot without the field lens.

In the for mer case an appar ent field of
650 at f/5 was possible with excellent
performance and good eye clearance
(0.69Fe).

Dennis Taylor worked entirely by
algebraic formulae, which he
developed himself, and he claimed
that he never traced any rays.
When the design was as good as he
could make it, the actual lens was
fabricated and examination of the
image on a lens-testing bench sug-
gested changes that should be
made to impr ove p erfor mance.
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KELLNER 1l - Other attempts wer e
made to impr ove the per formance of
the Kellner by intr oducing a fourth
lens, and a Zeiss patent taken out by
K3nig describes an eyepiece of this type

in which the eye-lens system consists

of a simple collective lens followed by a
doublet which may be either conver g-
ing or diver ging but which wasr espon -
sible for the achr omatism of the eye -
piece as a whole. The power of this
doubletis not mor e than half the power
of the single lens and the concave side

of its cemented sur face faces the sim -
ple lens. This eyepiece is ther efore of
the 1-1-2 type, and has an appar ent
field of 500 at f/6 but only 0.32Fe eye
clearance.
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ZEISS WIDE-ANGLE - An example of
the type in which the positive lenses
both face the focal plane and which
can be used with or without a field lens
is also specified by Zeiss. The two dou
m and when

blets ar e similar in for
used with a field lens an
appar ent field of 700 at f/5
was obtained with 0.32Fe
eye clearance.
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K...NIG WIDEFELD - A 3-2-1 for m by
Zeiss designed by KSnig having a 670 field
and 0.72Fe eye clearance. The glasses
used wer e BK7, SF12 and LaFN3 lan -

thanum glass.

STRAUBEL -

A 2-2-1 lens by Zeiss in

which the appar ent field
is 700 atf/5S and eye r elief
0.56Fe. The glasses used
were dense flint, hard
crown, and a low index,
low dispersion FK3 flint.

Another type of eyepiece

of unknown origin is a
2-2-2 constru ction.
This type will give an
appar ent field of about

600 at f/5 and 0.72Fe
eye clearance. The
glasses used were
extra-dense flint and
har d crown, barium

crown or borate flint.
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ZEISS? WI DE-ANGLE (ORIGIN
UNKNOWN) - A 2-3-1-1 for m having a
630 field and 0.7Fe eye clearance. The
glasses used wer e boro-silicate har d
crown and extra-dense flint.

EURYSCOPIC Ill - A Kellner type of
wide field eyepiece manufactur ed by
the Ferson Optical Company of Biloxi,
Mississippi. (Euryscopic: from the
Greek: to see wide). The separation of
field and eye lens was r educed, and the
field lens equi-convex. This widened
the field to 500 at f/4. Eyer  elief was the
same at 0.46Fe.

34

BER TELE - Designed for Steinheil
by Ludwig Jakob Bertele (1900-
1985). The patent describes an
eyepiece of 1-1-2 form, intended
for usein militarybinoculars, and
ther efore somewhat over -corr ected. It
possesses a 700 field at f/ 5 and
eye relief 0.8Fe. According to the
designer , Gts advantage lay in the
elimination of every deteriorating
influence of the curvature (of the
field), but aboveall in the suppres -
sion of large air spaces. In the
main the improvement is however
obtained owing to the use of a
strongly bent ocular lens of menis -
cus shape.O The glasses used are
SK2, FK5 and SF12. The design is
noted for its remarkable orthoscopy.



EVOLUTION of the ASTRONOMICAL EYEPIECE

K...NIG - A. K8nig patented a 1-2-1
design for Zeiss having a 550 field
and 0.67Fe eye clearance, using
bor o-silicate crown and doubl e extra-
dense flint, giving a sharp change of
index att he cemented surface.

K..NIG Il - K3nig patented an
impr oved 2-1-1 design for Zeiss,
having the same 550 field but
extended eye relief of 0.92Fe and
superior orthoscopy. The glasses
used are SF1 and BK7.

Both these designs compare
favourably to the Orthoscopic,
despite the additional pair of air-

glass surfaces.
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SCHULZ - A modification of K&nig®
design having a 550 field and
extended eye relief of 0.8Fe.

TRIPLANE - A post W.W.IlI design;
another modified Kellner marketed
by Vixen and Swift during the 196 0@.
The specification was almost identi-
cal to Kellner® original achromatic
Ramsden. Its per form ance was poor.

RKE - A 2-1 modified Kellner similar
to Ksnig® 1915 2-1 design. RKE
stands for Reversed Kellner Eyepiece.
It was designed for Edmund
Scientific by David Rank. It has a 450
field at f/6 and 0.9Fe eye relief.

WIDE OR THOSCOPIC - A modified
Kellner of 1-2-2 form sharing
similarities to Taylor@ Cooke 5
lens design, having a distortion
free 500 field and O0.5Fe eye
relief.



EVOLUTION of the ASTRONOMICAL EYEPIECE

DERIV ATIVES OF THE PL...SSL AND
SYMMETRICAL:

The first wide-angle modification of the
PISssl was the aplanatic eyepiece of Dr
Otto Schrider , described in GillOs arti -
cles on telescopes in the 9th. edition of
the Encyclopaedia Brittanica. The
glass employed is referred to as
DaugetOs crown (Cb1) and flint (Fb1). It
comprised a pair of achr omats spaced
at 83% their ef fective focal length. The
crown elements being plano-convex,
plane sur faces facing the eye, and the
flints being cncave meniscus. Eye
relief was 0.54Fe, and the appar ent
field 720 This design was initialy
employed by Schsnfeld in his south -
ern Durchmusterung, and subse-
quently marketed by Br  owning.

ZeissO modification of the PI§ssl,
and the subsequent incorporation
of the field lens to widen the field,
led Heinrich ErflZ to design thefirst
true wide-angle eyepiece for military
usein 1917.
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ERFLf 1 - A 1-2-2 design having a 600
field but eye r elief only 0.3Fe. The
glasses used wer e SF2, PSK3, FK5 and
SF10.

ERFLf Il - A 2-1-2 design using the
same glass types having a 700 field and
0.6Fe eye clearance. Patented after
ErflZOs death in 1923.

ERFLf 1l - A 1-2-2 design using the
same glass types having a 550 field and
eye clearance of 0.32Fe. Patented after
ErflZOs death in 1923.

KAPELLA - Patented after ErflZOs
death in 1923 for Zeiss by Kapella, one

of his assistants. A 1-2-2 design having

a 700 field and 0.685Fe eye clearance.
The glasses used wer e BK1, SK15 and
FN11.

KASPEREIT - A modification of Er  fIZOs
designs by Kasper eit having a 2-2-2
for m, giving fields in excess of 680 and
eye relief 0.3Fe+. The glasses used in
moder n variants ar e SF2, BK7, SK20
and SF10. Some W W.II (World War II)
variants using Thorium or Uranium
glass have fields wider than 700.

All these Er flZ types and their deriva -
tives suf fer fr om lateral colour , astig -
matism and r ectilinear distortion.






