OPTI 415 Homework 1 Due: February 8, 2022

Do all four questions.

1. Below is a raytrace of a telephoto lens. Where is the aperture stop located? Which ray is
the chief ray? Which rays are marginal rays? Which surface is the field stop? Which

surface is likely to cause vignetting if the field angle is increased?

2. Make a ISO 10110 compliant drawing of Edmund optics part 32-718 on the attached
sheet. You only need to take into account the radii, thickness, diameter, optical axis,
material, index and Abbe number of the lens. Don’t worry about tolerances, coatings or
surface effects at this point.

3. Figure 1 of US Patent 2,171,274 (see attached) gives the prescription for the lens in
question 1. Note, the value [; in the prescription is the distance between the first and
second lens. The aperture stop is located in this space. Specifically, the stop is 8.61 mm
to the right of the first lens, or equivalently the stop is 9mm to the left of the second lens.
Use commercial raytracing software to determine the locations of the cardinal points of
this lens.

4. Create a spreadsheet like the one illustrated in class to do a paraxial raytrace of the
system listed in Figure 1 of US Patent 2,171,274. Do not do this by hand.

e Trace an incident ray with height of 1 at the first surface and slope of 0.



Trace a second ray with a height of 0 at the first surface and a slope of 1.

Use ray scaling to create a ray with a height of 1 and a slope of 0 leaving the last
surface. What are the scaling coefficients?

Use ray scaling to create a ray with a height of 0 and a slope of 0.1 at the aperture
stop. What are the scaling coefficients?

Calculate the cardinal points from these rays. How do these compare to the results
found in question 3?

Calculate the location of the entrance and exit pupils from these rays.
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UNITED STATES PATENT OFFICE

2,171,274
TELEPHOTOGRAPHIC OBJECTIVE

Willy Merté, Jena, Germany, assignor to the firm
Carl Zeiss, Jena, Germany

Application June 12, 1937, Serial No. 147, 832
In Germany June 22, 1936

3 Claims.

The present invention concerns telephoto-
graphic objectives or, in other words, objectives
the two principal points of which lie in front of
the front lens, this front lens being the lens which

5 faces the object in the case of reduction and the
image in the case of magnification. In objectives
of this kind, the principal points are given their
special positions by disposing a negative lens sys-
tem at a not inconsiderable distance in the rear

10 of a positive lens system. Particular reference
is had by the invention to objectives in which
the negative lens system consists of two parts
separated by air.

When the image field is more or less wide, all

16 teleobjectives known so far and, consequently,
also the objectives of the latter kind, produce a
cushion-shaped distortion which increases ac-
cording to the increase of the image angle. The
invention aims at correcting this distortion in the

20 said latter kind of objectives and attains the con-
dition that this distortion does not increase con-
tinuously, as is the case generally, but is reduced
at a definite image angle within the useful image
field when the distance of the two parts of the

o5 negative system from each other is comparatively
great, viz. at least equal to one third of the dis-
tance apart of the negative and the positive sys-
tem of the objective, and when the inner part of
the negative system is very dispersive and the

30 outer part of this system has a convergent re-
fractive surface facing the inner part.

The outer of the two parts of the negative sys-
tem may, itself, be dispersive, but it may also be
convergent. In any case, it is convenient to use

a5 an outer part having a refractive power of a nu-
merical value smaller than that of the refractive
power of the inner part. This inner part has
conveniently a refractive power the numerical
value of which is greater than that of the refrac-

40 tive power of the positive system of the objective.

To obtain good correction, it is further advan-
tageous to provide that the distance of the two
parts of the negative system from each other is
greater than the distance apart of the negative

45 and the positive system of the objective.

According to requirements, each of the single
parts of the objective, i. e. the positive as well
as the negative system, may be composed of a
plurality of lenses.

50 The accompanying drawings and the following
tables illustrate and have reference to two ex-
amples of objectives according to the invention.
The statements in the tables refer to focal lengths
of the objectives of 100 millimetres.

55 Figure 1 is a sectional view of one form of lens

(Cl. 88—57)

made according to this invention and Figure 2
is a similar view of a modification of the inven-

tion.

The objective according to Figure 1 is com-
posed of a positive system, which is a single lens
Li, and a negative system consisting of a part of
three lenses La, 13, L4 and a part constituted by

a single lens Ls.

The constructional example

produces an exceedingly sharp image field of ap-
proximately 15° at a ratio of aperture of 1:4,
the distortion being corrected. The chromatic
correction is obtained substantially as regards
the wave-lengths corresponding to the lines D
and G’. The intersectional distance is equal to
approximately half the focal length of the ob-
jective, and, in spite of the great ratio of aper-
ture, the total length, i. e. the distance apart
of the vertex of the front lens and the rear focal
plane, is smaller than the local length of the ob-

Jective.
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The objective according to Figure 2 is com-
posed of a postive system, consisting of two ce-
mented lenses Li, Iz and a single lens L3, and a
uegative system consisting of an inner part, which
is a highly dispersive lens L4, and an outer part,
which comprises two cemented lenses Ls and Ls.
The indicated refractive indices are for the line
C of the solar spectrum. The constructional ex-
ample produces an image fleld of exceedingly
sharp definition of approximately 30° at a ratio of
aperture of 1:6.3, the distortion being corrected.
The chromatic correction is obtained substan-
tially for the wave-lengths corresponding to the
lines A’ and C. In the constructional example,
the intersectional distance is amply 4/10 of the
focal length of the entire objective, and the en-
tire length, viz. the distance of the vertex of the
front lens from the rear focal plane, amounts
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to slightly more than 8/10 of the said focal

length.
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I claim:

1. In a photographic objective the two princi-
pal points of which are in front of the front
surface, the combination of a positive and a nega-
tive lens system, said negative system being in
axial alignment with and lying in the rear of
sald positive system, said two systems being

2,171,274

spaced apart by air, the refractive power of said
positive lens system being greater than one and
a half times and smaller than five times that of
the objective, said negative system consisting
of an outer and an inner part axially spaced by
alr, said inner part being dispersive, the numerical
value of the refractive power of said outer part
being smaller than the refractive power of the
inner part, that refractive surface of said outer
part which faces said inner part being convergent,
and the axial air space between said inner and
said outer part being greater than one third of the
axial alr space between said negative and said
positive system. ’

2. In a photographic objective according to
claim 1, the numerical value of the refractive
power of the outer part of said negative system
being smaller than that of said positive system,
and the axial air space between the inner and the
outer part of said negative system being greater
than the axial air space between said negative
and said positive system,

3. In a photographic objective according to
claim 1, the numerical value of -the refractive
power of the inner part of said negative system
being greater than the refractive power of said
positive system. .
WILLY MERTE.
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