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Gas correlation imaging enables high specificity 
remote sensing of gas species based on unique 
molecular resonances that cause narrow band 
absorption. 
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Multilens system design with an athermal chart

Yasuhisa Tamagawa, Satoshi Wakabayashi, Toru Tajime, and Tsutomu Hashimoto

We have introduced an athermal chart that plots chromatic dispersive power and thermal dispersive
power on a Cartesian coordinate, and we give the design method of a multilens system in contact that
satisfies achromatism and athermalization. The advantages of this chart are (1) that the condition of
achromatism and athermalization is clear and (2) that the approximate power of the lenses that compose
the multilens system is easily found on the chart. Design indices are given through a few design
examples with an athermal chart.

Key words: Athermalization, athermal chart, optical system design.

1. Introduction
An optical system is useful for remote sensing and
surveillance systems because of its high-resolution
image. The major factors that cause the degrada-
tion of image quality are thermal aberration and
chromatic aberration of optical systems. These aber-
rations cause the focal-point shift of the optics,
because the refractive indices of lens materials are
highly dependent on temperature and wavelength."2

To reduce these aberrations, a multilens system is
used and several design methods for multilens sys-
tems have been developed. Roberts dealt with ther-
mal aberration and chromatic aberration separately.3
He designed the achromatic optics first and then
compensated for the thermal aberration by adding a
chromatic aberration-free lens, such as a Ge lens in
the 8-12-jim range, but such a specific material is not
always available.

Rogers showed that the multilens system can be
achromatized and athermalized with three materials
by solving three equations for lens power, achroma-
tism, and athermalization,4 5 but to find a proper
combination of materials, trial and error must be
repeated.

To avoid time-consuming computation, graphic
methods have been developed. Gibbons presented a
design method for an athermalized doublet, using a
chart where the chromatic and thermal Abb6 num-
bers were plotted.6 For a triplet, Rayces and Lebich
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introduced a yV-V diagram and showed that chro-
matic aberration corresponds to the area with a
triangle in the diagram.7

With these graphic methods, the power of each lens
is not shown clearly on the graph. To reduce other
aberrations of multilens systems, such as the Seidel
aberrations, each lens power must be as small as
possible.

In this paper, we introduce an athermal chart
where thermal dispersive power and chromatic disper-
sive power in a Cartesian coordinate are plotted.
In this chart, the conditions for athermalization and
achromatism are easily found, and each lens power of
the multilens system is given graphically. In Section
4, we give design indices through several numerical
examples of the multilens system.

2. Athermal Chart
Let us consider a thin lens with power i and material
Mi. Then the chromatic dispersive power wi and
thermal dispersive power Oi are given as follows:

oi = - i/(i= - (ani/a)AX/(ni - 1),
Oi = (a-i/aT)/,i = (ni/aT)/(ni - 1) - ai,

(1)

(2)

where AX is the specified wavelength band, n is the
refractive index at the center wavelength, ati is the
linear expansion coefficient of lens material Mi, and T
is the temperature. In Eqs. (1) and (2), xi and Oi are
expressed as material parameters and the wavelength
band. Therefore we can indicate the lens of material
Mi by the point (i, Oi) in a Cartesian coordinate with
the axes o and 0. Here we call this chart an ather-
mal chart.

First we deal with a doublet as a multilens that
consists of lens Ll(wl, 0) and lens L2(W2, 02) in contact
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