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THE chromatic aberrations met with in

modern optical instruments and their
correction are best and most fruitfully
discussed by looking back to the work of
the early pioneers.

We may mention that Newton’s genius
began investigating the coloured band of
the primary spectrum, and his subdivision
of it into the 7 parts (the partial dispersions
in our language) of red, orange, yellow,
green, blue, indigo and violet was accepted
for more than 100 years.

Whereas Newton thought it impossible to
devise refracting instruments free from
colour aberration, it was in the years between
1729 and 1733, that a giited amateur,
Chester Moor Hall, actually planned an
achromatic object glags (composed of a
positive crown and a negative flint lens)
for a telescope and had it successtully made
by London opticians. But the time was
not yet ripe for his great invention and
the optical world had still to wait a quarter
of a century till 1758, when J. Dollond

brought on the market his famous achromatic
telescopes.

They were certainly generally appreciated,
but in 1762 A.C. Clairaut, a French scientist,
was able to show that in Dollond’s achro-
matic glasses not every trace of colour had
been destroyed and that the reason for this
was to be found in the fact that the partial
digpersions from red to violet were not
proportionate in the crown and in the fling
glass.

No numerical valuation of this want of
proportionality could be given at that time,
as the boundary lines between the 7 coloured
parts were much too indistinet. Every
improvement in the colour correction during
the latter half of the 18th century was
therefore restricted to trial and error.

In this latter half of the 18th century
two scientists must be mentioned in this
respect : Father R. J. Buscovich 8.7, a
professor at the Paduan University, who
published his very important views on this
subject about the year 1765, and R. Blair
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of Edinburgh, a ship’s surgeor, who tried
about the year 1791 to construct a telescope
objective showing remarkably diminished
chromatic aberrations, or, in our modern
language, an insignificant secondary spectrum
only.

Both these investigators had to recur for
their experiments to fluid media, ¢.e., pure
water or solutions of different acids in
water. In econsequence of this drawback—
fluid lenses not producing sharp images,
owing to the striec caused by differences of
temperature—the work of these scientists,
although of great theoretical importance,
failed to improve the state of practical
optics at that time.

The generally accepted neccessity of em-
ploying solid optical substances only—
different kinds of optical glass and natural
crystals like pebble—sooner or later com-
pelled practical opticians to direct their
attention to the 7possibility of melting
optical glass. Two diflerent kinds were
necessary, as OChester Moor Hall already
knew : for positive lenses: crown glass
with low refraction and low dispersion, and
for negative lenses: flint glass with Righ
refraction and high dispersion.

Whereas the supply of flint glass as
furnished by the ordinary technical glass
factories was neither sufficient nor perfect,
so that the output of good telescopes espe-
cially of somewhat larger diameter was
endangered, P. T.. Guinand, a Swiss amateur
glass founder, hegan to develop methods
for melting optical glass apart from the
ordinary technical rules; after many trials,
he made in 1798 his first improved experi-
ments in stirring the liquid contents of the
crucible. By a very remarkable combina-
tion of circumstances he was, in 1805, en-
gaged by the owner of a small' Bavarian
optical factory, so that he had to direct his
énergy to founding ordinary crown and
ordinary flint glass for the manufacture of
telescopes. Soon after he made J. Fraun-
hofer’s acquaintance, who, towards the end
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of 1307, was the young foreman of this
optical factory.

There is not room enough for entering
here at some length into the interesting
history of this famous optical factory and
it must suffice to say that between August
1809 and December 1813 Guinand-Fraun-
hofer’s important process for melting optical
glass in sheets of considerable size was
developed and put to the test.

Being sure of the technical solution of
this problem Fraunhofer set to work—as it
seems since the first days in 1814—to find
the exact data necessary for introducing
the optical qualities of any melting into his
scientific calculations. In our modern way

of expression we may say that in time he

accomplished the task of exactly measuring
the refractive indexr of every melting as well
as its dispersion.

This, as a matter of fact, was the very
aim striven after but missed by all scientific
opticians from R. J. Boscovich’s time
downwards. After a not unsuccessful at-
tempt with an instrument we should desig-
nate to-day as a monochromator, Fraunhofer
hit upon the idea of using the dark lines of
the solar spectrum so to say as unchangeable
Jandmarks within the coloured band. We
do not know the exact time of this applica-
tion falling in between the beginning of
1814 and April 1817 ; its description formed
a part of his important paper read before
the Munich Academy in the spring of 1817.
Seven of these dark lines had been described
as early as 1802 by W. H. Wollaston, but
this seientist made his observations by the
naked eye and thought of using them simply
as boundary marks between the regions of
different colour. '

Fraunhofer, with his splendid gift for
observing and measuring, esamined these
lines by means of a theodolite of considerable
magnification and was therefore, in 181%,
able to publish an exact chart of the solar
spectrum and to account for 574 dark lines,
the most important of which he traced on
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the chart. Later on he was able to deter-
mine the length of the corresponding light
waves for seven of his most important lines ;
and for more than 40 years these data
remained the most exact values known.

But to return to the chromatic aberra-
tion : by means of the dark lines he could
now exactly measure the partial dispersions
and accurately verify Clairaut’s supposition
of 1762, In his important paper of 1817
he further demonstrated that for different
pairs of optical media (fluids enclosed) the
degree of this unwished for disproportionality
wag quite different. ITe concluded, there
was the hope of founding pairs of optical
glass types (fit to be used as crown and as
flint) with a more or less proportionate
increase of the partial dispersions. We
shall, in the following, designate such a
pair of optical glasses as answering to
Fraunhofer’s postulate for colour correction.

In his paper of 1817 he could describe
such a pair as a remarkable approximation
to the ideal solution. His two sample
meltings were designated as Flint 13 and
Crown M. He, however, refrained {from
introducing them at large, probably because
the durability of these combinations was not
sufficiently proved.

In order to show graphically the improve-
ment brought about by TFraunhofer with
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regard to the better proportionality of the
partial dispersions we shall apply a well-
known method. As the length of the
complete primary spectrum (say, from the red
line B to the violet line G) caused by a
prism of sufficiently small refractive angle
is proportionate to this angle, we are—Dby
judiciously choosing each of the refractive
angles—able to prescribe a certain standard
length (say, of 250 mm. or about 10 inches)
for the complete primary spectrum of any
glass melting. A certain pair of glasses
being chosen to serve as the crown and as
the flint lens of an achromatic telescope
objective, we are therefore able to give the
same standard length to each of the com-
plete spectra.

In consequence of Clairaut’s law the
partial dispersions of crown and flint are
then by no means equal, and the lengths,
say, from B to C, from C to D, ete., will
differ the more for both glasses, the
greater the disproportionality existing in
them. We shall see this at a glance, if we
arrange the two speetra of standard length
with their subdivisions so that the crown
spectrum is above the flint spectrum.

The two drawings of Fig. 1 show very
clearly a marked want of proportionality in
a pair formed by ordinary crown and ordi-
nary flint and the advantage gained by
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Fig. 1.

Representing the disproportionality of the partial dispersions in crown and flint,

@ : Ordinary crown and flint according to FRAUNHOFER'S measurements,
b: FRAUNHOFER'S improved crown and flint according to FRAUNHOFER’S measurements.






