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Magnifiers

Asan pbject is brought closer to the eye, the size of the image on the retina increases and
the object appears larger. The largest image magnification possible with the unaided eye
occurs when the object is placed at the near point of the eye, by convention 250 mm or 10 -
in from the eye. A magnifier is a single lens that provides an enlarged erect virtual image
of 2 nearby object for visual observation. The object must be placed inside the front focal
point of the magnifier.
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The magnifying power MP is defined as (stop ét the eye):

o]

MP < Angular size of the image (with lens) - i

Angular size of the object at the near point §§
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. 13-7
Keplerian Telescope

A Keplerian telescope or astronomical telescope consists of two positive lenses separated
by the sum of the focal lengths. The system stop is usually at or near the objective lens.
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Objective T e

(Stop) Lens

Image at Infirity

This telescope can be considered to be a combination of an objective plus a magnifier. The
objective creates an aerial image (a real image in the air) at the common focal point that is
magnified by the eye lens and presented to the relaxed eye at infinity.

h=6fm — h=—0fm mp=2 o Jou
.8 .
The image presented to the eye is inverted and reverted (rotated by 180° or “upside down™).
The MP of a Keplerian telescope is negative.
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. . . 13-13
Exit Pupil and Eve Relief

The XP should be made larger or smaller than the pupil of the eye so that vignetting does
not occur with head or eye motion. This compensates for eye rotation as the rotation point
of the eye is not at the EP of the eye. The pupil translates with eye rotation.

A close match of the instrument XP and the eye EP requires precise ali@ment of the two
pupils. Small displacements will change the light level in the image. This is true even if
the eye is at the XP.

The human eye pupil diameter varies from 2-8 mm, with a diameter of about 4 mm under
ordinary lighting conditions.

When the XP of the instrument overfills the EP of the eye, the eye becomes the system
stop. Larger instruments tend to have large XPs, while compact instruments may have
small XP diameters (1-1.5 mm).

Sufficient eye relief should be provided to allow the eye to access the XP. Hand-held
instruments should have 15-20 mm of eye relief. Microscopes may have as little as 2-3
mm of eye relief. Other systems should have a very long eye relief. For example, a
riflescope needs a large ER to avoid problems due to kickback.
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Exit Pupil and The Eye 13-12

Thet EP of the eye should be placed at the XP of the telescope to properly couple the two
optical systems. If the eye is not at the XP, vignetting can result:

Ray bundles are shown for
different FOVs.

The eye will see only on-axis
(or near-axis) object points.

If the eye is displaced
laterally, portions of the off-
axis field are seen.

XP * When the eye is in the XP,
the entire FOV of the
telescope is seen.

The eye can rotate to look
around within the FOV.
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13-21
Telescopes — Field of View

The FOV of the Keplerian telescope is limited by vignetting at the eye lens. As the FOV
or intermediate image height increases, the ray bundle is clipped by the eye lens.

Unvignetted
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50% Vignetted
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Fully Vignetted (the limit i 2

when one ray passes 3
through the XP) %

13-36

Vignetting Example — 5X lerian

Unvignetted: U=1.34°

-l

Half Vignetted: U=1.91°
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: 14-7
Microscopes

The compound microscope is a sophisticated magnifier which presents an enlarged image
of nearby object to the eye. It consists of an objective plus an eyepiece or ocular.

Eyepiece MP.,

Objective

fDBJ

Image of h

The visual magnification is the product of the lateral magnification of the objective and
the MP of the eyepiece. )
- 2z MPy, = 250mm

Z0 Jee

Mony

7
2z, 250mm
= =20
my =My, My =
. zo  JeE

Note that the visual magnification is negative (z, is negative).
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: 14-8
Optical Tube Length and NA
The optical tube length OTL of a microscope is defined as the distance from the rear focal
point of the objective to the front focal point of the eyepiece (intermediate image).
Standard values for the OTL are 160 mm and 215 mm. A relaxed eye (image at infinity)
is assumed. The OTL is a Newtonian image distance:
o ek,
= OTL AN s
ors =TT =T
Joss = T ‘57# A;‘Im
OTL 250mm
m, = ———
f osJ ) f EYE
The NA of a microscope objective is defined in
object space by the half-angle of the accepted input Objective Stop
ray bundle. Along with the objective magnification, : ﬁ/ﬂ
the NA is inscribed on the objective barrel. | e \l\
’ z

Microscope objectives are often telecentric in object H______F,
space. The stop is placed at the rear focal point of Zo foss
the objective so that the magnification does not
change with object defocus.
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14-3
Relay Lens

A relay lens inserted between the objective and the eye lens of the Keplerian telescope
can correct the image orientation. The intermediate image formed by the objective is
relayed to a second intermediate image. The second intermediate image is placed at the
front focal point of the eyepiece. The re-imaging causes an image rotation of 180°,
correcting the image orientation.

Objective

Relay Lens Eye Lens

SIS RO

Toms " % e

The net MP of the relayed Keplerian telescope is positive. The system MP equals the
product of the magnification of the relay and the MP of the original Keplerian telescope.

r !

z Z;
mR=_R MP=mR1WPK=——,R'&A-'-
2z : Zy Je
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X 144
Relay Lenses and Field Lenses

Field lenses can also be added at the intermediate images. A common arrangement is for
each field lens to image the pupil into the following relay lens. All of the light collected
by the objective is transferred down the optical system. The final field lens is part of the

eyepiece.

Objective
d Field Relay Field Egﬁs Xp

! ,

=

The first field lens images the objective aperture into the relay aperture, transferring the
entrance pupil to the relay lens. If the relay lens diameter is larger than this image, all
of the light from an object point collected by the objective will be transferred to the
second image. For an optical system used with the eye, the final field lens will not
image the relay lens aperture into the eye lens, but rather to the exit pupil with the
appropriate eye relief.
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