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COMPLETE SPECLFICATION.
Improvements in Lenses;

. We, Rarmrnowrr OvriscHE Inpustrie-Anstarr vormals Emil -Busch,
Actien-Gesellschaft, of Rathenow, in the Province of Prussia, German Kmpire,
do hereby declare the nature of this invention and in what manner the same
is to be performed, to be particularly described and ascertained in and by the

5 following statement:—

This invention relates to lens systems of the so-called telephoto type the focal
distance of which is considerably’ greater than the image distance. Such com-
binations have the advantage of obtaining comparatively great focal distance
by means of relatively short extensions of the camera.

10  Telephoto combinations hitherto used have all the great defect of producing
an image much less clear than that produced by means of a rectilinear lens.
Such telephoto’ combinations usually consist of an ordinary converging lens
(positive element) and a diverging lens having a shorter focal distance (negative
lens) the lenses being corrected separately but not as a combination.

‘15 By this means a well corrected telephoto lems having a large aperture is
not cbtained. ’ :

Further attempts have also been made to correct the combination of a positive
and negative element, the combination being considered as a single objective
lens This method also has not produced a practically useful telephofo lens.

20  'This last method is only theoretically correct. Our telephoto combination
consists of a positive lens at the front and a negative lens at the back each of
which consists of at least two glasses and has its concave surface towards the
stop, This form is particularly favourable for avoiding the astigmatic sinus
and distortion defects. :

25 Lo correct chromatic aberration in direct and oblique pencils the front lens
as well as the back is made of at least two different glasses, and the most
favourable arrangement is that in which the positive element as well as the
negative is separately free from chromatic aberration.

In order to make our invention more clear, we refer to the accompanying

320 drawing in which: . .

Figures 1 and 2 are cross sections of two modifications of the new lens,

Figuré 3* illustrates a lens of the usual kind in conneclion with a telescope.

Figure 3° shows our improved lens system for the same purpose. _ .

In Figures 1 and 2 R! R? R? R* R R°® indicate the radii of the lens

35 surfaces, o', 8, &, & are the thicknesses of the lenses and ¢ signifies the

distance between the two lenses. ZEL »

yalues for the illustrated lonses are as follows
[Pfrice 8d.]

el¢ are refractive indices. The numerical
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. FiGURE 1
Focal distance 240 mm’ Aperture = ¥:11
R'= + 29,74 i
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1 2 d > g T
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. R® = + 360,25 ' )
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' : F1GURE 2
Focal distance 240 mm  Aperture =F: 8 : 10
Ri= 4 2199
T
8, = 6,007 1,61400. ;‘1 1,62825
Re= - 43,64 .
2 2
C &= 072 7 1,61400 ; 1,63604
R = 4 38,66
¢ 25,20 air
Re= . 15,06 .
¢ 3
’ & =" 1,34 :;' 1,59000 ;f, 1,60229
6 == .
A S = 336 ™ 155100 " 156685
4 ] d." gl > ! 15

Re= — 26,23

The lenses made according to these calculations give a clear image up to the
cdge of the 9 x 12 photographic plate.

In order to avoid distortion in the combination it is advisable to place the
stop as close as possible to the back leus, or the latter must be of smaller 20
diameter, of course without restricting the aperture.

These lenses arve suitable for hand cameras having a short extension.

After removing the negative back lens the front lens can be used in combi-
nation with small stops as a wide-angle lens. Also the distance between both
lenses can be varied within certain limits to alter the focal distance and the 25
back focus. :

This'-new system having a short back focus and showing the tapering of the
ray cone produced by the back lens can be usefully employed as a telescope
lens, especially for prism-telescopes, as in such cases the instruments can be
provided with much smaller prisms than are in the usual instruments or the 30

length of the imstruments can be shortened if the prism remains the same.
© In Figures 3" and 3" such a device is shown. Fig. 3* is a Porro-prism system
in which ' 2? indicate the prisms in connection with an ordinary lens O.

Fig. 3° illustrates an object lens O according to our invention in connection
with the same prism system p' p? and it is clearly to be seen that in consequence 35
of the construction of the ray cone the dimensions of the prisms p' 7 are
considerably lessened.
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—

Having now particularly described and ascertained the nature of our said
invention, and m what manner the same is fo be performed, we declare that
what we claim is:— -

(1). A lens gystem having o relatively short back focus, consisting of a
positive and a negative lens having their concave-surfaces opposite each other,
each lens for the purpose of correcting optical defects being made from at least
two glasges of the required refractive power, and the mnegative lens having a
focal distance about cqual to or smaller than the focal distance of the positive
lens, substantially as described: ' _

(2). In u lens system according to Claim 1, the employment of a positive
front lens as single object lens, substantially as described. :

(8). The application of a lens system according to Claim 1 to telescopes,
especially prism telescopes, in order to obtain short telescopic length and small
prisws, substantially as described. '

Dated this 1st day of August 1905.

RAYNER & Co.

37 Chancery Lane London.
Agents for the Applicants.

Redhill:_ Printed for His Majesty’s Stationery Office, by Love & Malcomson, Ltd.—1905.
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