TWO SIMPLE APERTOMETERS FOR DRY LENSES.
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Ix dealing with questions of apertometry it is very important, to
inquire, in tho first place, ns to what order of accuracy it is
desizablo to work. No useful purpose would bo served by giving

carpenter a. foot-rule, divided to hundredths of an fnch, with
which to measure the length of a plank. Tho measucmont,
if made to such an order of accuracy, would be useloss
meaningless.

‘Prof. Abbe, in * Some Remarks on the Apertomoter” (Journal
of the Roy. fic. Soc. 1880, p. 20), after statiug that tho orror of
measurement in his welllmown apertometer is Limited to about
3 por cent, goes on to sy that “an exactness of reading
o this extontis ovidently moro than suflcient, An wnavoidatle
amount of uncertainty resulting from tho naturo of the abjct,
and mony other sources of elight error, will always Jimi the
veal exactmess of obsercation beyond 1 por cent. of tho unit,
difforent. observers and different methods of equal reliability
‘being supposed, In low powers slight variations in the length
of tho tube, in high powers slight alterations of the cover-
adjustment, will admis of much greater differonco than the
error of rending will introduce. Tt should bo observed that
in high-angled objectives the aperture has not the same
value for different colours, owing to the differenco of foeal
length (or amplification), even in objectives, which aro perfeotly
achromatic in tho ordinary sense. Tn the case of very largo
angles, the aperture, angular or numerical, will be grenter for
the Huo rays than for the red, gencrally by more than 1 por
cont. Last, not leust, thore is no possiblo intercst, cither
practical o sclontifle, nppertaining to single degrees, or halt
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degrees, of aperture angles; for no microscopist in tho world will
bo able to make out any differonce in the performance of objec-
tives s Jong as tho numerical apertures do nob differ by severnl
‘per cont,, other ircumstanees being equal.”

“ For theso reasons I consider all attempts at very accurate
‘measurements of this kind to be useless.”

No one, probably, is likely to havo the temerity to question
tho authority of Prof, Abbo on such & question as Apertometry,
0 that wo ean accept his limit of 1 per cont. with confidence.

Tig. 5 shows n plan of & form of apertometer for dry lenses
which for simplicity in use and for the necuracy of its results
‘probably leave nothing to bo dosived. A strip of vulcanite A *
i o0 divided that tho distance D of any line from the zoro of the
scalo s given by the equation

D=2 A tan (sin-t NA)

ot out in this Journal for April 1904 (Ser. a, vol. ix. p. 1), in
tho article on * Abbe's Test of Aplanatism, etc.” The graduations
are marked with the corresponding N.A. values for o valus of A
equal to 25 mm. In nse tho apertomoter is placed upon the
stago and the object plano of the lons to bo tested adjusted at n
eight of 25 mm. above the plane of the scale. Tho upper foral
‘plano of the objective ia thon observedin any known way and the
apertometer adjusted on the stge until the inner edgs of tho
fixed white block B is sean on ons edgo of the objectivo apening.
“This ndjustment effected, the liding whito block C is alid along
tho strip A until its inner edgo is seen on the opposite edge of the
objective opening to that on which the block 1 is just scen.
The N.A. value found opposite to the inner edgo of tho block ¢
on the scalo is that of tho lens tested.

The graduations from 0 to 09 N.A. proceed by steps of 002
and from 0:9 to 0:96 N.A, by steps of 0°0L.

Fig. 6 shows o modification of tho form of apertometer
desoribed in my original paper in 1904, I have substituted for
tho concontric cirdles there shown curved lines which project
optically into the pper focal plane of the lons being tested ns o
number of equi-distant straight lines of equal thickness, The
projected imago of the apertometer soalo s thus a simple linear

* The right-hand end s shown broken off.
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sealo upon which N.A. values cun bo rend d|rmly. The m.le
rans from 00 to 0:9 N.A. by steps of 005, i, the
sturting from the contro havo the values 0, 0 n&, 010, 015, 0° 0,
cte, of N.A.

The short curved Jines of the scalo should strictly be hyperbolas,
but such curves are very difficult to draw accurately, and it was
ot until my son, M. R. W. Cheshire, suggested to mo that they
might bo replaced by nres of cireles with curvatures equal to
those of the corresponding hyparbolnl at their vertices that the
apertometer describod became a practical construction.

T may, perhaps, bo alowed to vl el of Ghis uppmeumey
to say that in my opinion thero aro several ol
Mr. Nelson's form of tho Apertometer which was mLmdumd
by mo in 1004, Thess moy bo briofly indicated. Tn the first
place, no advantage can result from tho uso of tho outer edges
of tho lines, instend of the middles, as is usually done, as tho
part of tho lines from which distonces and thersfore N.A's
must bo estimated by eye. Farthor, in Mr. Nelsou's form the
thickness of tho lines varies in different purts of tho diagram,
amd hns no nssigned or stated thickness in terms of N.A. This,
1 think, is o fatal defect, bocause when the thickness of a line
Tns & N.A. valuo of 002, say, such thickness, especially when
dealing with low-power lonscs, prosides an invaluable standard
of reforonco when cstimating by eye N.A. values intermediate
to thoso represented on tho scals,

In aportemeters of tho kind in question the further the sub-
division of the sealo is carried tho greater must bo the complexity
of the imago presented to tho eyo—the advantago of ono is
balanced by the disadvantage of the other. Possibly, howover,
‘most people would prefer the simplicity of a diagram with tho
Inrger divisions to tho optical Hampton-Court-mazo necessitated
by the smallor ones.

Tourn, Gactett Mo Lty o 2, ek 318, . h i 014
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