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P We, Tavror, Tavior & Hobsox eotrected over & senrb-field of Bt least 10 4§
g Louren, a Company registered under degrees. . - L ST o L
: the Laws of Great Britain, and ArrrTr To this end according 4o the invention -
p \'\ ARMISHAM, British subject, both of 104, -thw rear surface #f the sevond_conzergead -
: 5 Stoughton Street, Leicester, ~dv here ¥ - comrponent is senvexifowgrds the -fromt .
g : g:cla.?e 1{he nature of this inventisy to . rture loss than 50
. e as follows:— : - xeal length of
T This invention relates to an opiical vhily the fréng smrface of
iy objective for photographic and like ) ¢ ne is either seneave - .

10 purposes, corzected for spherical abhera- . 3
‘ ~ tion, coma, astigmatism and distortion, greatésthan fep 4ines
. of the kind comprising an asymmetrical Igngth %y iSsliontly eenvex towards the
divergent component disposed behind twog, front, TZoocidius of eurvaturs of the reap
convergent components and in freat of.a toface-of The secomd coavergent com-
15 third convergent component, each ¢« 11} ponent -is preferably greater than #he
components consisting of a_  sin'plés, equi¥alent focal length, and thas of the 60
element. Tt should be made cles?™hat the ~>ear surface of the divergent eomponent is
side of the longer conjueate iz i’ preferably less than one-tenth of that of
- referred to as the ““".0.4” %&<"he” the front suriace of the divergent ewma-
Py 20 ObJectlv_e in accordance witlethie “usual  poment. As in the obisetive of the pricr
, convention. s :  ©

ading of survature
the'eguirvalent focal 55

, A A patent  above mentionad, “the mean 65
B The present applicants, Bi™ish Patent. rofractive index of the alass used for the
o No. 477,424 relc*os toran  ijective of the divercent commonent is preferably greater - -
. above kind, wher.*a gli*s faving a mean than 1.65, and the oliss used for the rear
ce 25 refractive ™dex np ~ubscantially greater convergent commonent preferably has a
i than. 1.65 i, “mploye> for the divergent mean refractive index greater than 1.62 70°
i . component, w ‘ch s double-concave, and and an Abbé V number less than 50.
5 the radius oi .drvature of the frout Numerical data for twe convenient

surface of such component is at least ten practical examples of objective according
30 times that of the rear surface thereof, the to the invention are aiven in the tables

‘5 glass wused for the rear component. below, in which R., R, ... ... desionate 75
‘1' preferably having o mean refractive index the successive radii of curvature of the
r«»} np greatst than 1.62 and ax Abbé V  surfsces counting from the front (the

number less than 50. Such objective was positive sign indicatine that the surface
85 .primarily intended for very short focal is convex towards the front and the

lengths, such as 121 millimetres, and it negative that it is coneave ileveto), D;, D, 80

has been found *hat, if the objective is . . ... .. desionate the axial thicknesses

...\s;d X

i3 empleved for longer focal lenaths, such as. of the lens elements, sad S,; S.. S. the

;:‘i 2% inches, it is not wholly satisfactory ia - axfal air sepavations hetween the com-

l 40 resmect of zonal spherical aberration. . vwonents. The olass of which earh element )

g The present invention has for its -is made is defiued in terms of its meon 85
e ;’5 ‘primary object.to effect 1mprovements in  refractive index 2, and its Abbe VY

Y an cbiective of the above-mentioned kind, number. - a

{ v - . - A

B L whereby the aberrations are satisfactorily .
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. Exaurers 1, '
Equivalent Focal Length 1.000 Relative Aperture F[1.4,
Thickness or Refractive AbbS V
- Radius : Separation Index n, Number
5 - R.+ 1.070- ' . ,
: Co e Db, 110 1.613 59.4
. Rz-l-lQ.O . - .
) i T SI 0010 -
- R+ 5283 ‘ , : :
I - : b, 252 1613 - 0894
: R,+ 8509 : ' :
A S, <011
, R.-2632 - ,
' ST D, 210 1.749 27.8
15 ~R.+ .3194 ; ) - '
: I . S, .196 , !
N RI+ R u5‘814 - - ”
o D, .110 1.644 48.3
R,~ 1.253 , ,

20 It will be noticed tha% in this example has a radius over 26 times the equivalent 25
- thé radius R* is approximately 31 times focal length. With this example, at a
the equivalent focal length tihe surface focal length of 2% inches, the residual
being -convex to the front, whilst the aberrations are very satisfactory over a
fifth surface i3 concave to the front and semi-field of 12 dearees. '

30 Exauere IT.

Equivalent Focal Length 1.000 Belative Aperture I'/1.4.
B Thickness or Refractive Abbe V
~ Radius R Separation | Index =, Number
7 ,:.?' R1+ 1.011 _ i T - .
86 o b, 110 | 1613 . 59.4
o R.4 6.667 . - 7 : o
e ' 8, 010
DU R.+ .5102

it
o
[+]

20 1613 . 7 504

CUH0 R+ 2857 . =
: B B, S8l

R5 +26.29 o . :i__:. 2 . : e o '
- - T s D, 2107 1.749 278
' R.+ ..207¢ - ) ’ - :
45 -8 .196
T R+ 52 o . : '
S ) D, 110 1.644 48.3
-« Ry~ 1.805 '

2~ - 'This example difers feom the first vexity of the fourth surface to the front’
~~:. 50 primarily in that the fifth surface is being somewhat reduced. _ 55
s 0 elightly eonvex towards the fronf and has ™~ Datfed this 12th dav of Julv. 1940.

7. .. m radius substantially greater than ten PULLINGER & MALET-VEALE.

o i es theequivalent focal length, the con- Agents for the Applicanis.
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~-Irsproverments in or relating to COpiical Objectives

~We, Tavror, Tavior & Hopsox WaryrsHAM, British subjeet, botk of 104.
< LirITED, 2 Cempanvy recistered under the Stoughton Sireet, Leicester, do heveby 60
- Laws " of - Great Britain, axd ArtmUR declate the nature of this invention and
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in what manner the same is io be
performed, to be particularly deseribed
and ascertained in and by the following
statement ; — .

_This invention relates io an optical
objective for photographic and like
-purposes, corrected for spherical aberra-
" tiom, eoma, astigmatism and distortion, of
the kind comprising an asymmetrical
divergent component disposed behind two
convergent components and in frent of a
third convergent component, each of the
components consisting of g simple
element. It should be made clear that
the side of the longer eonjueate is herein
referred to as the *° fromt™ of  the
objective in accordamce with the usual
convention.

The present applicants’ British Patent
R0 No. 477,424 relates to an objective of the

above kind, wherein glass having a mean
refractive index 7, substantially greater
than 1.65 is employed for the divergent
component, which is double-concave, and
25 the radius of curvature of the front surface
of such component is at least fen +imes
that of the rear surface thereof, the glass
used for the rear comnonent preferably
having a mean refractive
greater than 1.62 and an Abbé V number
less than 50. Such objective was primarily
intended for very short focal lengths, such
as 12% millimeires, and it has heen found
that. if 4he ohjective is emmloved for
85 lopger foral lerotds. such as 2% inches, it
is not whelly satisfactory 1n. respect of
zonal spherical shevration, -~ -
- The presset invention kas for its
primars object o effsct improvements in
40 an ohicetive of the above-mentiopsd kind,
" whereby the aberrations ave satisfactorily
corrected over a semi-field of at leash 19

oy

15

index 7,

To this end according to the invention
the rear surfice of the second convergent 45
compenent is econvex towards the front
and has a radius of curvature less than
five times the equivalent focal length of
the objective whilst the front surface of
the divergent component has a radius of 50
curvature greater than ten times the
equivalent focal length, whether such sur-
face be convex or concave to the front.
The radius of curvature of the rear sur-
face of the second convergent compénent 55
is preferably greater than the equivalent
focal length, and that of the rear surface
of the divergent component is preferably
less than one-tenth of that of the front
surface of the divergent component. As
in the objective of the prior patent above
wentioned, the mean refractive index of
the glass used for the- divergent com-
ponent is preferably greater than 1.65,
“and the glass used  for the rear conver.
gent component preferably has a mean
refractive index greater than 1.62 and an
Abbé V number less than 50.

A preferred construction of objective
according to the invention is illustrated
in , the accompanying drawing, and
numerical data for two convenient prac-
tical examples thereof are given in the
tables below, in which R., R, .....
designafa the successive radii of curva. 75
ture of the surfaces countine from the
front (*he positive sign indieating that
the surface is convex towards the front
and the newative that it is concave there.
to), D, D...... desicnate the axial.80
thicknesses of the lens elements, and §,,
S., 8, the axial air separations hetween
the comnonents. The elass of which each
element is made is defined in terms of its
mesn refractive index n, and its AkbE V 85

70

6u

e,

o odegmees. T T T <" awmnber, -
oL T Bmawpss I -
Equivalent. Foesl Fength 1.600 ~Belative Aperture F[1.4,
80 Ui~ 7. 0 ++-- Thickness or Refractive Abbé V-
.. - Redihs % N Separatios  .Index n, Number
L B I - R , T
T e D, 110 1.613 59.4
86~ R.+10.8 - S S -
T T I ] S .010
S D. 252 1613
A R,+ 3.509 :
B T I S, o1 ,
e R;-26.82 - S
T T D, .210 179 -
: i R."f' 3194 ] -
- o ) S, .196 -
106 Rm.+ 5814 i S
T T D, .110- 1644 . L
.- 1.258 ' ) - R
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It will be noticed that in this example
the radius R* is approximately 3} times
the equivalent focal length, the surface
being convex to the front, whilst the

® fifth surface is concave to the front and

has 2 radius over 26 times the equivalent
focal length. With this example, at a
focal length of 2% inches, the residual
averrations ure very satisfactory over a

semj-field of 12 degrees. 10

Examerr IT.

' "-V»E‘&-lliivalrent Focal Length 1.600 Relative Aperture Fjl.4,

et : Thickness or Refractive Abbé Vv
- Radius "« Separation  Index #, Number
15 R.+ 1.011
D, .110 1.613 50.4
- » S: .010 ,
20 . 5 - D, 240 1.613 89.4
o R,+ 2857 .
' S, 011 )
R, +26.29 ™~ , N
- e D, .210 1.745 ' - 27.8
25 B+ .2976 . i :
. ' S. .196 ' '
R.+ .5263 .
' D, 110 1.6844 48.3
Rs— 1.305 ¢
80 This example differs from ihe first 3. An optical objective as claimed in

Claim 1 o3 Cioum 2 in which the radius
of curvature of the rear surface of the G0

primarily in that the fifth surfece is
slightly convex towards the front and the
convexity of the fourth surface to ihe divergent component 1z less than one-

- front is semewhat reduced. As in the ienth of that of the fromt surface thereof.
35 first example, the radius of the ffth sur- 4. An optical objective as claimed in
face is substaniially greater than ten Claiiz 1 or Claim 2 or Claim 3, in which

1. An optical objective of the kind

" ‘deseribed, in which the rear surface of

BT

the second convergent component is con-
vex towards the front amd has s radius of
eurvature less than five times the equiva-
lent focal length of the objective, whilst
the radius of curvature of the front sup-

80 face of the divergent compoment is

numerically greater than ten times the

index greater than 1.62 and an Abbé V
number less than 50. :

6. An optical objective.gs claimed in
any one of Claims 1 to 5, in which the

is convex to the front and has a radius of

- times the eqeivalznt focal leagth. the mean refractive index of the glass 60
. - Having now particularly deseribed and used for the divergent component is -
: asceriained the nature of our said inven- greater thaz 1.65.
- 4G Hon and in what manner the same is to 5. An optical objective as claimed in
"~ be performed, we declore that what we Olaim 4, in which the glass used for the
elaim is:— ; rear component has a mean refractive 70

" front surface of the Qiverment component 75

curvature greater. than ten times the

equivalent foeal length.

7. Av optica? objective substani’allyas™ 7

Dt

-~ equivalent focal length. shown in the accom»anving drawing and 89

e 2. An optical objective as claimed in having numericsl data subsianginliy s ved-
S Claim 1, in which the radius of curvatmre forth-inonhe or other of the fables terein.

Dated this 19tk dav of Juhe, Hal. -
. _. PULIINGER. & MALET,
T Agents fer the Applicants.

55 of the rear surface of thé second conwer-
-~ _geni componsnt iz greater” than the
- equivalent foeal lenpth ot the—hiective.-
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