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1. Consider two identical thin lenses of focal length f = 5 inches, spaced one focal

length apart (see �gure below.)
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1.a) Calculate the focal length and back focal length of the combination.

1.b) Assuming the stop is located at the �rst lens and has a diameter of 1 inch,

and the second lens is also 1 inch in diameter, calculate and draw the tra-

jectory of the axial and chief rays.

1.c) What is the �eld of view of the system?

1.d) What is the f=# of the system?

1.e) How does the performance of the system change if the aperture stop is

placed 1 focal length to the front (i.e., to the left) of the �rst lens?

2. Achromatic doublet. A common method to reduce chromatic aberration is

to combine two optical elements with di�erent aberration coeÆcients and optical

powers such that the optical power of the compound element equals the desired

power and the chromatic aberration of the compound element equals zero. These

elements are known as \achromats," or \achromatic doublets." (Note that the

term \achromat" as a disability condition refers rather to persons who lack cones

in their retina and hence are unable to perceive color.) Consider the achromat

shown below, where the individual elements are thin spherical lenses and there

is a distance t between them. We seek to minimize the chromatic aberration of

the achromat between two wavelengths of interest �a and �b.
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2.a) Let Vj (j = 1; 2) denote Abbe's V -number for the j-th element, and fj
the corresponding focal length. Show that the chromatic dispersion in the

optical power of the j-th element is

�
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�
=
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Vjfj
:

2.b) Derive the thickness t that is required to eliminate chromatic aberration

from the composite element in terms of Vj, fj (j = 1; 2.) What is then the

optical power � of the compound (i.e., the doublet) ? What are t and � if

the lenses are identical?

2.c) Practical doublets are often cemented (i.e., \glued" together) in order to

minimize the possibility of misalignments and other instabilities. Then t = 0

and R1

0 = R2. Derive the condition that Vj, fj (j = 1; 2) must satisfy in

order to eliminate chromatic aberration in this case. What is then the

composite optical power �?

2.d) Design a cemented achromatic doublet for � = 10D. (You should select the

appropriate materials and curvatures for the individual lens components.)

2.e) Plot the focal length of the doublet you designed for all wavelengths between

�a = 0:2�m and �b = 0:7�m and specify the maximum chromatic aberration

within this range and the wavelength(s) for which it occurs.
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