





























will make the true position of the index-pointers uncertain, but
will add nothing substantially to the reading of aperture.

The size of the field has practically no influence by the method
in question.

As to the observation on the oil-immersion 1, to which Mr.
Wenham alludes in proof of his assertion, its fallacy will be obvious
on a moment’s reflection. When a microscopist observes any object
of say 7 mm. in diameter, and wants to observe its whole extension
within one field of vision, he certainly will take care that the stop
in his eye-piece does not confine the field to 6, or4, or 3 mm. Now
the telescopic image of distant objects, delineated on the back of an
oil-immersion §, must extend to upwards of 7 mm., as is evident
at once to everybody from the diameter of the back lens; and for
observing the limits of this telescopic image the whole must, of
course, be within the field of the auxiliary Microscope. Why did
Mr. Wenham expect then to see the limits of the aperture whilst
using eye-pieces, the stops of which confine the field of vision of
the auxiliary Microscope to perhaps 3, or 4, or 6 mm. ?

A few words on the origin of the apertometer. Dr. Woodward,
in his paper “ Deseription of a New Apertometer,”* speaks of my
arrangement and every part of my method as a “ modification ” of
an apparatus described by Mr. R. B. Tolles in 1873, I am
aware of Mr. Tolles’ priority in the description of the semicircular
glass disk, and I highly appreciate his merits in the propagation
of sound ideas about the aperture subject; but Dr. Woodward
will allow me to observe that two principal features of my arrange-
ment, the observation of the teleseopic field of vision of an objec-
tive and the numerical indication of the aperture, have obviously
no connection at all with a glassdisk. In fact, I have applied this
method of observation with the naked eye and with an auxiliary
Microscope, since 1870, in measuring air angles by means of a
divided rule fixed below the stage of a vertical stand at a definite
distance (100 mm.) from the focal point of the objective, black
disks moved along this rule being used as indicators for markin
the limits of the telescopic field on the scale; an arrangement whicﬁ
I use even now with objectives of moderate air angle, the rule
being divided after the numerical scale. Shortly afterwards, when
I felt the necessity of extending measurement to apertures ap-
proaching or exceeding the maximum air angle, I interposed a
semicircular lens of well-known refractive index, centred in the
stage-hole of the stand, between the objective and the scale, in
order to prevent the angular extension of the cone of rays in its

ge to air and the total reflexion of the oblique pencils—a
evice essentially identical with the arrangement described and
* ¢ Am. Quart. Micr. Journ.,” i. (1879) p. 284.



figured by Professor H. L. Smith in the paper quoted above. But
I soon abandoned this method as being inconvenient, because a
very slight deviation of the focus or apex from the centre of the
lens must introduce a perceptible error, owing to the refraction of the
spherical surface, unless the lens were very large. Since 1871, for
measuring great apertures I have used a rectangular plate of
crown glass 100 mm. in length and 60 mm. in breadth, three edges
ground, and one, on the long side of the rectangle, polished to an
angle of 45° for allowing the plate to be applied on the stage of an
ordinary Microscope. e scale of numerical aperture was en-
graved along the three perpendicular edges according to previous
computation, and index-pointers used asnow. In this shape (which
18 briefly described and figured in Nigeli and Schwendener, ‘Das
Mikroskop,” 2nd ed. p. 170) the apparatus has been used for a long
time by Mr. Zeiss and myself; many microscopists have seen, and
some of them have the appliance. I explained and demonstrated
its use at the meeting of the Gesellschaft fiir Medicin und Natur-
wissenschaft of Jena, November 1,1872. On the basis of measure-
ments made by this rectangular plate Mr. Zeiss in his catalogue of
August 1872 stated his immersion objectives to yield an aperture
of 108 degrees water angle, thus exceeding the maximum air angle
by several degrees. :

The only part of the apparatus, besides the name, which is of
more recent origin, is the circular shape of the glass disk, which
was ailopted by Mr. Zeiss when he began to make the apertometer
for sale.

The description of my arrangement has been delayed for so
long a time because I proposed to explain the method of aperture-
measurement and a.llietf methods for measuring focal lengths, amplifi-
cations, &c., in connection with a more exhaustive discussion of the
aperture theme. Now, as priority results from literary publicity
only, the application of the glass disk for measuring apertures
belongs to Mr. Tolles, of course. But as to those parts of my
arrangement which have not been described by others, the fore-
going remarks will show them to be independent of Mr. Tolles’ or
any other apparatus.






