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- This invention relates to optical systems and vided the front surface of the component is pro-
particularly to highly corrected photographic ob- portionally strengthened so that the balance of
* Jectives. ; power between the elements of this component
Tt relates specifically to that type of objective and between the three components is not appre- -
5. having two collective components spaced on oppo- ciably disturbed. : . :
site sides of a dispersive component, the rear col- In certain preferred embodiments of the inven-
lective component being compound. This type tion involving the above features, there are cer-
of objective is more completely defined by stating tain additional features relating to the front com- -
(1) that the front collective component has a ponents. In these embodiments, the front col- -
10 relatively strong front surface convex to the in- lective component is made meniscus and/or the j¢
cident with a radius of curvature about ¥%F dispersive component has a front surface whose
where F is the focal length of the objective and  radius of curvature is slightly greater than F.
has a relatively weak rear surface with a radius . An objective made according to this invention
of curvature usually greater than F and usually has generally improved characteristics over other
15 negative (i. e. concave to the incident light) and lenses working at the same relative aperture. In 15
(2) that the dispersive component is biconcave the examples shown in the accompanying draw-
with its rear surface the stronger having a radius ing, there is a high degrée of correction for astig-
of curyature about %4F and its front surface hav- = matism. “If the usual rules of weakening the in-
" ing a radius of curvature usually between —1oF _dl_vidual»‘components throughout to give wider
"90.and —F. It is possible to make either or both of covering power, Is applied slightly, the present op
these components compound to gain slight im- invention holds the astigmatism within tolerance .
provements without making any radical changes limits and hence may be considered as supplying
in the properties of the objective and hence with- either improved astigmatism or wider covering
out departing from this type of objective as above power without loss in correction for astigmatism.
op defined. However, these two components are = Furthermore, the invention provides better con-
usually simple and it is in the simple case that trol over and hence bettér.correction for spherical
the present invention is most useful. : aberration tlm;l in similar objectives.
The invention is concerned primarily with the Fig. 1 and Fig. 2 show two slightly different
rear compound component and with the spacing embodiments of the invention. .
30 of the components. It has for one of its objects The specifications-of the lenses shown are as gg. -
the providing of a high aperture objective with  follows: :

wide covering power and more highly corrected Fig.1 /3.5 F=100mm.
for spherical aberration than hitherto. Another : .
object is to provide better correction for astig- Lens Glass Radif Spacings _
35 matism over at least substantially as wide a field 35.-
as hitherto. ) o ) : mm. mm.
According to the invention, the rear air space’ : I I}‘y‘fﬂ)ﬁgm "%;:isggﬁg ~fy=5.00
. e. that between the dispersive component and ° I .|Np= L& | Re=—70.7 | Bi=052
tll;e rfar ;:olliective component) is less than twice . heid N‘;?ilt‘m %::i %{g é::igzs
o the front air space and is preferably but nof ' V=561 | Re=—20.9 | 4=7.9 ,
" necessarily greater -than this front air space. - IV | Npm LB Ri=—13.7 | =200 40
Furthermore, the rear -collective component is :
arranged with its crown element to the front and : ;
g;; cemented surface concave to the incident light. Fig.2 RS Fmiomm
5 e front surface of this rear element is made
relatively strong and for ordinary glasses has a - Lens Glass Reat Specines 0
radius of curvature less than F. Of course if an- ’ ) U -
extr%mely gigl;ﬂlglde:é glass is used in this element, I |Np=z Low %"1’;%’ 51 glsz}g
‘say Np=1.8, this radius may be as large as 15F, =0 " Bam oo = .
but for No less than 1.65, the rule that it should u |Np=tes | R UIO | ST3% | g0
be less than F holds. The rear surface of this m |Npmlow | Rt BA BTIR |
rear component is made weak having preferably Iv- |Np= 152 | Rr=—1201 | R
a radius of curvature whose absolute value is - sl V=084 : , J

‘greater than F. This radiiis may be slightly less : ' — ]
. than F without departing from the invention pro-  These two examples serve to illustrate the in- .
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vention and by reference to these examples, the
following description will explain the pertinent
portions of the theory underlying the invention.
Although the rear component is the most impor-~

- tant in connection with the present invention,
-the refractive surfaces will be considered in the

order encountered by the incident light. The
surfaces and their radii of curvature will be des-
ignated Ri1, Rz . . . R, the thickness of the ele-
ments i1 . . . 14 and the spacings S; and Sz in the
usual way and as shown in the drawing.

The front crown may be bent to control the
flatness of fleld which is very senmsitive in its
response to such bending. In the preferred em-
bodiment wherein this component is meniscus,
the spherical aberration also responds to such
bending. For a satisfactory field Ri must be
held between 23% and 35% P and R: according
to its absolute value must be greater than F. It
is possible for Ra to be slightly less than F with-
out departing from-the present invention espe-
cially when the front component is made com-
pound. It might conceivably also be possible to
use & very low index glass in this component and
have Ri less than 23% F but such cases are
undesirable. However, except for the added fea-

ture of having this component meniscus in the .
preferred embodiment, the present invention is’’

not directly concerned with limitations regarding
this front component except to thg degree in which
they define the class of objectives to which the
invention belongs. i . -

This latter statement is also true with regard
to. the dispersive element wherein the novel
feature of the preferred embodiment is that
Ri>F. Ruis held at about Y4F.

In an objective made according to the invention
and working at £/3.5, S2 must. be, made less than
twice $i, or the distortion (barrel type) will go
beyond tolerance limits. In general S: will be
greater than Si, but this is not necessarily true
since it is possible to have a lens according to
the present invention in which S: is slightly the
greater.

As shown in the drawing Rs is between J7F and
F, 1. e.isless than F. - This feature which is quite
different from former lenses of this type is a

- relative one determined by the resulting power
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of the surface. For all ordinary crown gilasses
Rs must be less than P but if a glass having an
index of refraction Np>1.8 say, Is used, Rs may be
slightly greater than' F and still meet the re-
quirment of being relatively strong. In such
cases where Np is greater than 1.65, Rs must be
less than 2F (for all known glasses) and may be
less than 7. . o
Although Rs according to the invention is rela-
tively strong compared to Rs in other lenses of

“this type, it is the outer surface of the crown ele-

ment of the rear component and corresponds to
Ry of lenses wherein the crown element is placed
to the rear. This Rs in known lenses is usually
strong being less than %4F. Thus the invention
has the added advantage of providing relatively
weak outer surfaces on both sides of the rear
component Rs being greater than .6F and Ry
being in the examples shown greater than F
(negative). It is even possible within the inven-
tion to make R~ plano i. e. infinite. ©On the other
hand it is possible to allow Rz to be slightly less
than F depending on the glasses used and the
covering power desired and hence it is not easy to
define the limits for Rr except that it is always
greater than %LF . .
The cemented surface Rs concave to the ir-
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cident light has been found to control the
spherical aberration of the system and must be
held at about Y4 F (negative)—i. e. between 15%
and 35% F. It is curious to note that similar
absolute limitations apply to known lenses in
which this surface is positive. .

- Regarding the distribution of powers between
the components, in Fig. 1 the focal lengths of the
front, dispersive, and rear components are re-
spectively 51, —32 and 56 mm. approximately
and in Fig. 2 are respectively 50, —32 and 58 mm.
approximately. Weakening these powers by
changing the radii and/or the glass to say 52,

10

—34 and 60 gives greater covering power but -

slightly less correction for astigmatism and other
aberrations. To avoid lateral color and distor-
tion, this balance of powers must be maintained
and satisfactory results are impossible if too much
power is shifted from the rear component to
the front i. e. if the focal length of the rear
component is weakened to say 75 (i. e. 34 ; it
is preferably less than 65 (i. e. .65F). This is
true of all lenses of this type working at an
aperture of £/3.5 or larger as is the fact that
the front component has usually about twice the
power of the whole objective (. e. its focal length
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is between .75F and .4F). :

When & lens is made up according to the in-
véntion, the rear crown element must have a
thickness f3 greater than 4.5% F to permit an
aperture of £/3.5 and practically this ; must be

greater than 5% to give any useful thickness at
-the margins of the lens. In the examples shown

t:is 8% F.
Having thus described two embediments of

the invention in detail, and the limitations some-

of which are necessary and some of which are
incidental to the invention, ‘we wish to point out
that the invention is not limited to these specific
structures but is of the scope of the appended
claims. o .

We claim: i :

1. An objective comprising two collective com-
ponents axially spaced on opposite sides of a dis-
persive component, the front collective com-

ponent having about twice the power of the whole
objective and the rear collective component hav-.

ing power at least one third greater thar and
less than three times that of the objective, the
front surface of the front component and the
rear surface of the dispersive component being
conivex to the incident light and having radil of
curvature each equal to about one fourth of the
focal length of thie objective, the rear surface of
the front component having a radius of curva-
ture according to its absolute value greater than
one half of the focal length of the objective: the
front surface of the dispersive component being
concave to the incident light with a radius of
curvature greater than one half of the focal
length of the objective, and the rear collective
component being compound, said objective. be-
ing characterized by the spacing between the rear
component and the dispersive component being
less than twice and more than three fourths the
other spacing, the cemented surface of the rear
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component being concave to the incident light, .

the rear surface of the rear component having &
radius of curvature greater than one half of the
focal length of the objective and the front-sur-
face of the rear component being convex.to the
incident light with a radius of curvature between

"60% of and twice the focal length of the objec-
tive for all glasses and less than this foceal -

70

length when a crown glass having an index of
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refraction with respect to the D line less than
1.65 is used for this front element of this rear
component. .

2. An objective according to claim 1 in which
the front component and the dispersive com-
ponent are single elements. :

3. An objective comprising two collective com-
ponents axially spaced on. opposite sides of a
dispersive component, the front collective com-
ponent having about twice the power of the
whole objective and the rear collective com-

. ponent -having power at least one third greater

16

than and less than three times that of the ob-
jective,” the front surface of the front com-
ponent and  the rear surface of the dispersive
component being convex to the incident light
and having radii of curvature each equal to about
one fourth of the focal length of the objective,

the rear surface of the front component having

a radius of curvature according to its absolute
value greater than one half of the focdl length

_of the objective, the front surface of the dis-

persive component being concave to the incident
light with a radius of curvature greater than one
half of the focal length of the objective, and the
rear collective component being compound, said
objective being characterized by the spacing be-
tween the rear component and the dispersive

component being less than twice and more than .

.. once the other spacing, the cemented surface of
" the rear component being concave to the in-
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cident light with a radius of curvature between
15% and 35% of the focal length of the ob-
jective, the rear surface of the rear component
having a radius of curvature greater ihan said
focal length, the front surface of the rear com-
ponent being convex to the incident light with
a radius of curvature between 70% and 100% -of
said focal length and the front element of this
rear component having a thickness between 4.5%
and 12% of the focal length. "

4. An objective comprising two collective com-

ponents axially spaced on, opposite sides of a .

dispersive. component, the front collective com-
ponent having about twice the power of the
whole objective and the rear collective compo-
nent having power at least one third greater than
and less than three times that of the objective,
the front surface of the front component and the
rear surface of the dispersive component being

convex to the incident light and having radil

3

of curvature each equal ‘to about one fourth of
the focal length of the objective, the rear sur-
face of the front component having a radius of

curvature according to its absolute value greater .

.than one half of the focal length of the objective,

the front surface of the dispersive component be-
ing concave to the incident light with a radius
of curvature greater than one half of the focal
length of the objective, and the rear collective
component being compound, said objective being
characterized by the spacing between the rear
component and the dispersive component being
less than twice and more than three fourths the
other spacing, the cemented surface of the rear
component being concave to the incident light;
each outer surface of the rear component having
a radius of curvature greater than one half of
the focal length of the objective and the front
component of the objective being meniscus with
a radius of curvature for its rear surface less
than ten times the focal length of the objective.
5. An objective comprising two collective com-
ponents axially spaced on opposite sides of a
dispersive component, the front collective com-
porient having about twice the power of the
whole objective and the rear collective compo-
nent having power at least one third gréater than
and less than three times that of the objective,
the front surface of the front component and
the rear surface of the dispersive component be-
ing convex to the incident light and having radit
of curvature each equal to about one fourth of
the focal length of the objective, the rear sur-
face of the front component having a radius of
curvature according to its absolute value greater
than one half of the focal length of the objective,

the front surface of the dispersive component be-
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ing concave to the incident light with a radius of .

curvature greater than one half of the focal
length of the objective, and the rear collective

- component being compound, said objective be-

ing characterized by the spacing between the rear

component and the dispersive’ component be-

ing less than twice and more than three fourths

the other spacing, the cemented surface of thelys

rear component being concave to the incident
light and the front surface of the dispersive com-
ponent having a radius of curvature greater than
the focal length of the objective.

FRED E. ALTMAN. 5

GEORGE H. AELIN.
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