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2.10: Designing an Achromatic Doublet
It is not the intention of this chapter to study lens aberrations. However, the design of an achromatic doublet lens lends itself to the
sort of calculation we are doing in this chapter.

A combination of two lenses in contact, a converging lens made of crown glass and a weaker diverging lens made of flint glass, can
be designed so that the combination is a converging lens that is almost achromatic. Flint glass is a little denser than crown glass,
and has a higher refractive index and a greater dispersive power.

The dispersive power  of glass is usually defined as

Here C, D and F refer to the wavelengths of the C, D and F Fraunhofer lines in the solar spectrum, which are respectively, H
(656.3 nm), Na I (589.3 nm), H  (486.1 nm), and which may be loosely referred to as “red”, “yellow” and “blue”. A typical value
for a crown glass would be about 0.016, and a typical value for a flint glass would be about 0.028.

An achromatic doublet is typically made of a positive crown glass lens whose power is positive but which decreases with
increasing wavelength (i.e. toward the red), cemented to a weaker flint glass lens whose power is negative and also decreases (in
magnitude) with increasing wavelength. The sum of the two powers is positive, and varies little with wavelength, going through a
shallow minimum. Typically, in designing an achromatic doublet, there will be two requirements to be satisfied: 1. The power or
focal length in yellow will be specified, and 2. You would like the power in red to be the same as the power in blue, and to vary
little in between.

Consider the doublet illustrated in Figure II.15, constructed of a biconvex crown lens and a biconcave flint lens.

I have indicated the indices and the radii of curvature. The power (reciprocal of the focal length) of the first lens by itself is

and the power of the second lens is

I shall write these for short, in obvious notation, as

But we need equations like these for each of the three wavelengths, thus:

Now we want to satisfy two conditions. One is that the total power be specified:
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The other is that the total power in the red is to equal the total power in the blue, and I now make use of equations  and 
:

On rearrangement, this becomes

Now, making use of equations  and , we obtain the condition that the powers will be the same in red and blue:

For example, suppose that we want the focal length in yellow to be 16 cm (  cm ) and that the dispersive powers
are 0.016 and 0.028. Equations  and  then tell us that we must have  cm  \) and 
cm . (  cm and  cm).

If we want to make the first lens equibiconvex, so that , and if , Equation  tells us that  = 6.86 cm. If 
, Equation  then tells us that  cm. That  is negative tells us that our assumption that the flint lens was

concave to the right was wrong; it is convex to the right.

Suppose that, instead of making the crown lens equibiconvex, you elect to make the last surface flat – i.e.  = ∞. What, then,
must  and  be?

Answers.  = 6.55 cm,  = 7.20 cm.
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