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PATENT SPECIFICATION
Applicatron Date: Jan, 28, 1929, No. 2885/29,
Complete Left: Oct, 25, 19239,

Dec. 24, 1929,

Inlpi’ovelnents in and relating to Objectives suitable for Photo-
' graphic Purposes.

We, Jomxy WittiaMm HasseLrvus and
GEoree ArrEUR RIicEMoNnD, both British
subjects, both of Optical Works, Clapham
Common, TLondon, S.W. 4, do hereby
declare the nature of this invention to be
follows :—

The invention relates to objectives
suitable for photographic purposes, a
special object being to provide such an
objective having an exceptionally large
aperture, a large field and a high degree
of correction.

In carrying the invention into effect
according to one form, the objective con-
sists of six co-axial lenses of the general
character to be described, namely, a nega-
tive doublet and a single lens on- each
side of the diaphragm.

Taking the combination of lenses on one
side of the diaphragm, by way of example,
the doublet consists of a negative meniscus
and a positive meniscus cemented
together, the power of the cemented sur-
faces being collective in effect, while in
addition the negative meniscus is disposed
nearer the diaphragm and with its con-
cavity directed thereto.

On the side of the doublet remote from
the diaphragm is disposed with an inter-
vening air space a single collective lens
having surfaces of different radii, the sur-
face with the greater radius being adjacent
to the doublet.

According to the present invention, the

negative element of the meniscus, e.g., of
flint glass, has a higher refractive index
than the collective element, e.g., of crown
glass, the refractive index of which may
be the same as that of the single lens.

In the case of small-aperture objectives,
a good correction for coma can be obtained
by an arrangement of lenses as described
symmetrical about the diaphragm even
though the object and image distances are
unequal.

To obtain comparable results, however,
with a large aperture, a considerable
deviation from symmetry must be made.

Thus, for example, in a specific case,
the focal length of the front combination
is approximately double that of the back
combination, while the focal length of the
front negative doublet is approximately
half that of the back mnegative doublet.

By virtue of such a dissimiliarity in the
powers, an objective can be obtained well
corrected  for  spherical aberration,
astigmatism and coma, with a field of 50°
and the extremely large aperture of F/1.9.

Although a particular combination of
lenses has been described by way of illus-
trating the nature of the invention, it will
be understood that the scope of the latter
is wide enough to include similar combina-
tions of optically equivalent lenses.

Dated this 28th day of January, 1929.
, MARKS & CLERK.

COMPLETE SPECIFICATION.

Improvements in and relating to Objectives suitable for Photo-
graphic Purposes.

We, Jomn Wintram Hasserkus and
GErorGe ArTHUR RIicuMonp, both British
subjects, both of Optical Works, Clapham

Common, London, S.W. 4, do hereby

declare the nature of this invention and
in what manner the same is to be per-
formed, to be particularly described and
ascertained in and by the following state-
ment :— )

The invention relates to objectives
suitable fér photographic purposes and

| I rice = |

particularly to the kind having front and
back combinations of lenses each consist-
ing of a negative doublet and a single
lens.

A main object of the present invention
is to provide an improved objective of the
kind indicated having an exceptionally
large aperture, a relatively large angle of
view and a high degree of correction.

With such an object :— '

The present invention consists in an
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~ objective of the kind indicated, havmﬂ
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front and.’ back combinations of lenses
each comprising a newative doublet com-
posed of a negative meniscus lens"and’ a
positive meniscus lens, the negatlve
meniscus being of a hlﬂ‘hel‘ refractlve
index than the collectlve meniscus and

disposed mnearer the diaphrdgii’ ‘Wwith s

concavity directed thereto and comprising
also a 51n0“1e oollectlve lens dlsposed with
an 1ntervemng air space on the s1de oi
the doublet remote from the dlaphraé*m,
and having surfaces of different radii, the

surface: wrbh “the greater” radms 'bemcr
r L

adgacent {orthe doub'],et,
<'Phe inventiox also ‘consists in . the 1m—

proved. obJectweq heremaﬂer descrl‘bed or,

indicated. -
“In” carrymcr the invention into effect
accmdmcr 4o one fmm ‘ag shown -in the

decompanying: &moirammatm Eigure, the

objective eondists* of .5ix co-hxihl: lenses I

I IIL,. IN; V, VI, - arranged: three on’

each side of the dlaphraom A, ile., the
single lens, I, and ‘the neg ative doublet
1L° III are arranged.on one side and the
ne@atlve douhlet, I.Vf Y, and the smu'le

1ens VI, on the other
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Takmw by ‘way of example, the com-
¥

blnatlon of Jensés on the léft-hand side’

(front) of the’diaphragm, as showh in the

Figure, the doublet. 00n51sts of ‘a negative

memscus II1, and a pomtlve memscus,
I cemented ‘together, the ‘power of.the
cemented surfaces bean' cbllective in
effect, while in - addition the negative
meniscus, IIL, is' disposed nearer the dia-
phragm than ' the positive meniscus, I,

and Swith -ifs concawtv d1rected; towardsr

the diaphragm. °

"On theside- of the doublet remoate from
the’ &1aphra0'm is disposed.with an inter-
vening air space, Si, a single collective
lens, I, having' surfaoes of dlﬁerent radii,
R, R., the surface Rz, with the trreater
radii being adJaoent to the’ doublet.

The combmatton ‘on the right-hand side
(back) of the diaphragm is similar as
regards the general arrangement of the
lenses

According to the present invention, the
refractive 1ndex of the negative olement
of the memscus III or IV e.g
glass, is at least three umts of the second
decnnal place higher than the refractive
m(Iex of the’ coIlectlve element ILor V,
e.¢ ) of cro“n g ss
1n€lex of the smcrI ens, VI, mav be
the same as that of the pOblthé‘ memscub,
II or v

In the case of smal][-aperture objectives,

., of flint:

Whﬂe the reiractlve '

a good .correction forcoma can be obtained.

] by an

65

alr
svmmetncal about ’che &aphraom even
1h0ucrh the obJect and 1mawe dlstances are

al 'O'ement ‘of. I@nses as descrlhedﬁ

unequal

“‘Tq obtain comparable results, however,
with a large aperture, a conmderable
deviation fromi symmetry must be made.

Thus, for example, in the specific
examiple, particulars of which are given
below, the focal length (+198. mm) of
the “front! combination of three lemsés is
approximately double that (4111 mm.) of
the - ‘corresponding hack combination,
Whlle‘ the focal length (- 243 mm.) of the
front' hegative doublet is approximately
half that (-483 mm) of the bacL nega-
tive doublet. ~ ™

“The follbwing tables give partlculars of
one ‘spectific “forin of- ob]ectlire haviiig &

fodal. length of 100 umts “the thlckness)és,'

separatlon “of the’ component lenses afid,
radii of the surfaces being denoted in the'
tables - by the conesPondmcr “teferénce
letters ixi-the Rigure, While the types ot
glass'for the different_ lemses” @re’ charac:
ferised by the refractive indices, Nq and-
N,, for ‘the helium and- nercury lines’

respectwely
Thiekness
Radii of “and:
Surfaces. Separations.
Ra= +64.75 d,=7.90
R.= +289.15 S,=1.32
R.= +37.65 d.=8. RL
Ri= +6475 ds=5:88'
R.= +27:6Q b, ="T7.98
Ry= - 26.85: b.=T.98
Rf; - 64.75 d4—5 08
- Ri= - 33.00 ds=6.59
R,= +564.75. S,=1.32
Riz= = 75,50 d;=9.03
T "7 (GLASSES. )
L IL, ¥V, VI, 1.61217 1. 62522
III IV S 1.65336 1,67860°

By v1rtue of such a dlssimllarlty in the
powers, an’ ob]ecﬁwe ¢an be obtained well:
corrected: fot “splierical, 'zorial; chromatlc
and comatic aberratlons with a field of
%0/01 gnd the extremely larO’e apertuie of

Although a particular combination of
lenses has been described by way of illus-
trating the nature of the invention, it will
be undelbtood ‘that the scope of {he latfer
is wide enough to include similar com-
binations of optically equivalent lenses.

Having now particularly described- and
ascertamed the nature of our said inven-
tion and.in what manner the same is to
be’ aerfonned we declfue that what we
clalm ig:—

1. An_objective of the kind indieated,
having . front and, back. combinations of-
lenses eacn comprlsln(r a negative doublet.
oomposed of a necratlve meniscus lens and
a pos1t;ve meniseus 1ens the negative
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4B the refractive

index than the collective meniscus and
disposed nearer the diaphragm with its
concavity directed thereto and comprising
also a single collective lens disposed with
an intervening air space on the side of
the doublet remote from the diaphragm,
and having surfaces of different radii, the
surface with the greater radius being
adjacent to the doublet, substantially as

10 described.

2. An objective as claimed in Claim 1,
in which the refractive index of the nega-
tive meniscus lens is at least three units
of the second decimal place higher than
index of the positive

meniscus lens, substantially as described.

3. An obhjective as claimed in Claims 1
or 2, in which the focal length of the
front combination is approximately
double that of the back combination,
while the focal length of the front nega-
tive doublet is approximately half that of
the back negative doublet, substantially as
described.

4. Improved objectives substantially as
hereinbefore described with reference to
the accompanying drawings.

Dated this 23rd day of October, 1929.
MARKS & CLERK.

Redhill: Printed for His Majesty’s Stationery Office, by Love & Malcomson, Litd.—1930.
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