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PHYSICAL CONTSTANTS

Speed of light ¢ =2.998 x 10® m/s
Electron charge e=1.602x107"C
Electron rest mass m=9.109 x 107! kg
Planck constant h =6.626 x 1073 Js
Boltzmann constant k = 1.3805 x 1072 J/K
Permittivity of vacuum g0 = 8.854 x 10712 CY/N-m?
Permeability of vacuum po = 47 x 107 T-m/A
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Optical Instrumentation

50

INTRODUCTION

The principles of geometrical optics are applied in this chapter in order to
discuss several practical optical instruments. The discussion begins with an
introduction to the operation of stops, pupils, and windows, of great practical
importance to light control in optical instrumentation. We follow this with a
brief overview of aberrations and then examine in turn, the optics and opera-
tion of prisms, cameras, eyepieces, microscopes, and telescopes.

1 STOPS, PUPILS, AND WINDOWS

You should be familiar with ways to trace rays through an optical system
using the step-by-step application of Gaussian formulas and ray tracing.
However, not every light ray from an object point, directed toward or into an
optical system, reaches the final image. Depending on the location of the
object point and the ray angle, many of these rays are blocked by the limiting
apertures of lenses and mirrors or by physical apertures intentionally insert-
ed into the optical system. An aperture, in its broadest sense, is an opening
defined by a geometrical boundary. In this section, we wish to concentrate on
the effects of such spatial limitations of light beams in an optical system.

The apertures dealt with are often purposely inserted into an optical
system to achieve various practical purposes. Apertures can be used to
modify the effects of spherical aberration, astigmatism, and distortion. In
other applications, apertures may be introduced to produce a sharp border
to the image, like the sharp outline we see looking into the eyepiece of an
optical instrument. Apertures may also be used to shield the image from
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Optical Instrumentation

undesirable light scattered from optical components. In any case, apertures
are inevitably present because every lens or mirror has a finite diameter
that effectively introduces an aperture into the system.

The presence of apertures in an optical system influences its image-forming
properties in two important ways—by limiting the field of view and by con-
trolling the image brightness. The first limitation determines how much of
the surface of a broad object can be seen by looking back through the opti-
cal system; the second determines how bright the image can be, that is, how
much irradiance (W/m?) reaches the image. Both of these limitations de-
pend directly on the optical behavior of bundles of rays that leave points on
an object and thread their way through an optical system—and its aperture—
to a conjugate image point.

There exists in the optical industry today many different practical opti-
cal systems, each with many choices available for the placement of apertures.
In this introduction we limit ourselves to a basic description of how apertures
can affect both image brightness and field of view. We examine first the role of
aperture stops and their related pupils in fixing image brightness, then the role
of field stops and their related windows in determining a field of view.

Although the actions of stops, pupils, and windows depend quite clearly
on the principles of geometrical optics, the details can at times be confusing.
In the descriptive text and correlated figures that follow, it will benefit the
reader to coordinate the reading of the text and examination of associated
figures closely. Thus, for example, in the text and correlated Figures 1a, b, and
¢, we define carefully the meaning of aperture stops (AS), entrance pupils
(E,P), and exit pupils (E,P) and illustrate their effects in several simple
optical systems.

Image Brightness: Aperture Stops and Pupils

Aperture Stop (AS) The aperture stop of an optical system is the actual phys-
ical component that limits the size of the maximum cone of rays—from an ax-
ial object point to a conjugate image point—that can be processed by the
entire system. Thus it controls the brightness of the image. The diaphragm of
a camera and the iris of the human eye are examples of aperture stops. An-
other example is found in the telescope, in which the first, or objective, lens
determines how much light is accepted by the telescope to form a final image
on the retina of the eye. In the telescope, then, the objective lens is the aper-
ture stop of the optical system. However, the aperture stop is not always iden-
tical with the first component of an optical system. For example, refer to
Figure 1a. As shown, the aperture stop (AS) in front of the lens determines the
extreme (or marginal) rays that can be accepted by the lens. But if the object
OO' is moved to a position nearer to AS, at some point the lens rim becomes
the limiting aperture. This position is just the point of intersection between the
optical axis and a line drawn from the lens rim through the edge of the aper-
ture stop AS. In this case, the angle (L'OL) subtended by the lens rim at O
becomes smaller than the angle (M'OM ) subtended by the edge of the aper-
ture, and so we designate the lens as the aperture stop.

Entrance Pupil (E,P) The entrance pupil is the limiting aperture (open-
ing) that the light rays “see,” looking into the optical system from any object
point. In Figure 1a, this is simply the aperture stop itself, so in this case, AS
and E, P are identical. To see that this is not always the case, look at Figure 1b,
where the aperture stop is behind the lens (a rear stop), as in most cameras.
Which component now limits the cone of light rays? You can see that it is that
component whose aperture edges limit rays from O to their smallest angle
relative to the axis. Looking into the optical system from object space, one
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