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Huntan red blood-corpuscles. Magnified 1000 diameters, by 
Powell and Lealand's immersion &. h'egative 145 (new series). 

Xection of c m  epithelial calzcer of the larynx. JIapified 400 
diameters, by Wales' &th. Negative 162 (new series). This 
Negative is taken from preparation No. 2277, Microscopical 
Section. The print shows the nuclei and cells of the growth with 
great distinctness. 

Grunmatopkorcc mnrinn. JIagnified 2500 diameters, by Powell 
and Lealand's inimersion 26. Negative 151 (new series). 

ARHY BIEDICAL MESEUU, &IICROhCOPICAL SECTIOS, 
J(l?Lualy 4, 1870. 

The following note Dr. Woodward has requeitecl us to ai)pciid :- 
T V m  DEPARTNEST, X~-RGEOS-GES;~RAL'S OFFICE, 

\vASlIISGTOS, U.C., ~1~CC,.Ch 28, 1870. 

ilofe.-Since thc foregoing es3ay was printed, I have obtained 
a iiuiiiber of excellent pictures, with powers iangjng from 400 to 
1000 diameters, by using the ordinary oxy-calcium light as the 
source of illumination. Some of these pictures were not inferior 
to the best vork I have done mit'h the Magnesium lamp ; the process 
employed vas the same, and tlie times of exposnrc did not materially 
difkr. I will contribute full details in a short time. 

J. J. WOODWARD. 

V.-Remarks on High-power Dejnition. 
By F. H. WENHAM, Vice-president, R.M.S. 

I AM induced to offer some observations under this head, in con- 
sequence of the communications of Dr. Pigott. I had not the 
pleasure of being present at  the reading of the paper before the 
Royal Nicroscopical Society, on 10th November, 1869, or I should 
have made my comments at the time. Considering the large class 
of. observers that employ their microscopes chiefly for the purpose 
of resolving difficult test-objects, and tlie form of their structure, it  
is surprising tliat the alleged " bead structure " of the Poilz~~a and 
other tests has excited so little discussion; and from tlie partial 
acquiescence conceded by our respected President, I infer that this 
structure finds credence amongst a nuniber wlio interest theinselves 
in such investigations. Not having now the advantage of being 
;hie to attend the meetings of the Society, I d l  take the question 
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as I find it recorded in the Journal, in a fair spirit of coiitrowrsy, 
being TTilliiig either to receive or give any inforination that n ~ y  
tend to elucidate the truth. 

In  the first place, I must take soiiie exception to the slur that 
is cast upon the object-glasses of our best inakers, by the asiertioii 
that “ in the best glasses there is a ccrtain residuary aberiatioii, 
which obscures the clear definition under a pomer of’ 1000.” If 
such an error does not exist, of course all matheiiiatical calculations 
for demonstrating its cliaracter and amount must be in vain. 

The high-power objectives, from 4th upwards, constructed Iry 
our first-class niakers during the last fifteen years, iiiay now be 
nanied as hundreds. Surely some of these are absolutely perfect, if 
not the majority ; and if any error should be present, the develop- 
ment of a peculiar structure in a test-object is not a certain way of 
detecting it. I n  this inquiry, it is remarkable how the use of tlic 
mercury globule is ignored ; yet I have no hesitation in saying that 
Tvithout this test it would be impossible to construct perfect 
objectives. To the practised eye of the microscope optician, it will 
develop errors that can be detected by no other mcans. With a 
good :th, for example, under perfect adjustment the spherule 
appears clear and bright, with the reflexion of surrounding objects 
shown thereon; and the only fault is that arising from the 
secondary spectrum, seen as a pale-green halo beyoiirl tlie focus. 
I t  mould be desirable to correct or diminish this, but the cure lies 
more in the hands of the glass maker than the optician. Wlien 
the globule is thus perfectly defined, if the least possible touch be 
given to the adjusting collar, altering the distance between tlie 
lenses by something less than &&i of an inch, a kind of fog, mars 
its brilliancy, and is the result of spherical aberration, positive or 
negative, accordingly as the front lens is either separated or brouglit 
nearer. Oljects seen by traiismitted light are most uncertain tests 
for these errors of aberration. 

If aii object-glass is adjusted by a Dintom, or YorZiwn, viewed 
by transmitted light, and tliis same object then illuminated 011 a 
dark field, it will generally be found that the first adjustment was 
imperfect, as a fog now oftentimes obscures the object, which is 
dispelled by further and more careful arl,justrueiit, with the more 
sensitive test of opaque illumination. Thus in the best objectives 
we have the power of obtaining equally both positive and iiegativc 
aberration, and the position between tlieni is free from either- 
supposing that there are no errors of workmanship. These bcing 
under tlie control of the artist do not frequently occur, and cannot 
be classed as a constant error. 

Object-glasses were made eighteen or trenty years ago with 
smaller apertures, giving as perfect definition as iiow. hniliew 
Ross discovered the adjustment for the thickness of glass-covcr 
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over the object, and denionstrated the nature of the aberration 
cansed thereby. We have here, in the separation or approximation 
of the lenqes of a microscope ob,ject-glasq, an element of correction 
vliich cannot be obtained in the telescope, and nhich, in constructing 
the coinbination, enables 11s to neutralize tlie spherical aberrations 
coiiil)letelF, and. to a great extent, witliont altering the radii. 
Oljectiws, from tlie linnds of careful and experieiirecl iiic~lccrs, have 
all been constructed on the globule test, and are not sent forth till 
every error of worlmanship, centering, state of obliqne pencils, 
achromatism, and spherical aberration-are ohlutP1j- corrected ; for 
this test discovers tlie least fault in either, ~il iere all others n-ill fail. 

But in viewing difficult test-objects n-ith tlic hisliest powrs,  one 
soiirce of error may occur from the follon-iiig cause :-If a large 
angular pencil of rays converging to a focus is transmitted through 
a parallel plate of glass, an approximation to the form of spliericnl 
aberration is prodiiced of a negative character, viz. the margiiial 
raxs are t h r o m  beyond the central ones. It may easily be demon- 
strated that this is not exactly identical in form and cliaracter with 
the positive aberration caused by a lens with a spherical surface, 
and that the operation of bringing the lenses of the microscope 
object-glass nearer togcther for the counter-correction, will only 
neutralize the error mitliiii certain limits. The irregular p i t i o n  
nssigiicd to the marginal rays by a very thick plate of glass, cannot 
be exactly reformed by tlie oppoite error cansed by closing the 
lcnses ; and it is a well-known fact to those experienced in the 
resolution of test-objects, that some of the sanie specimens are 
defined better under one thickness of covering-glass than another. 

I n  the front lens of an object-glass, thickizess is a very important 
element of correction. I have explained this in niy paper “ On the 
Construction of Object-glasses ;” * and in working out a new combi- 
nation it may be necessary to make several fronts in order to 
arrive a t  the exact gauge. If an ordinary “ d r ~ ”  object-glass, 
perfectly corrected, with a proper thickness of the front lens. be 
used as a so-termed “ immersion ” lens by the introduction of water 
between the front lens and covering-glass, this immediately becomes 
a part thereof, and the excess of negatire aberration, both spherical 
and chi*omatic, is not to be corrected hy the usual separation of the 
lensss. The whole combination has beconie over-corrected. Rays, 
which before the introduction of water emerged from the upper 
surface of the plate in a line parallel to their first incident direction, 
now pass on in a nearly straight course from their primary refraction 
from the under-surface of the cover. I n  order, therefore, to employ 
an objective as an immersion lens, it becomes requiqitc to have a 
thinner frolit, all other radii and corrections remaining the same. 
The extra or imiiicrsion lens should have its thickiicss diminished by 

* P ~ ~ l ~ l i s l ~ c r l  conspcuti\rly in tlic ~ n r l ~  niinihci;. nf tlrii: Jmiinal 



rather 1c-s tlian the thickest covering over the olljects that it is to  be 
employed upon. 

TYe have Iiere, in the iinniersion lens, gone bark to  the origiiinl 
condition of again adding tliicknms to the front, and the object iiiq- 

now be considered under view as an uncovered objcct. h u t  either 
the ~cccttr or glaqs-cover has introduced a single nciv elenimt of 
correction, and vill not therefore bear out the fullonkg a 
the paper referred to :-(‘ The extraordinnry d i f h  ence between tlie 
perionu~nce of the hydro-objective and of the pneniiio-objccti\-c (tlw 
plate of air and w t e r  maliing cnorinous differenccs in the ;xl~orifi- 
tion.; of tlic glasses) niust make it apparent to ordmnry c o i ~ ~ o n  
seme that oiir old-fashioned glasses are wrong soine~~liere.” 

One admntagcc in the immersion oljjectiT-e is, t h t  it  almost 
prercnts tlie loss of light from the reflexion of the upper snrfhce 
of thr coyer and front of leiis, and in part nentralizes any c w ~ ~  of 
fignie or pdisli that may exist between tlieni. Tlierc iq al.;o motlier 
condition annexed, it has the singular property of a f r o i d  leirs of 
nc9justcible tlLickraess, and tlierefoie can he set to tlie iitiw\t iiiccsty to 
balance tlic aberrations. Of course there is no optical advantage 
attendant upon the use of water. If a medium of the sanic relractivc: 
power a.; the glass vere to be employed the result vonltl be lwttcr. 
Water having a low refractive index, an adjustment is required for 
each thii~liness of cover, and a difference of adjnstniPnt is not so 
inaiked and sensitive as in the ordinary dry ohjectivc ; but if a 
medinni of siiuilar refraction to tlie glass mere to be used, no adjust- 
ment woulcl be required for any thickness of cover, siqqmsing tlie 
tesct-objects to be mounted thereon (mhich they generally are), for, 
in fact, v e  should then view them all with a front of‘ the same 
thickness-considering the coyer, the front lens, and the intcrposing 
mecliurn as one. 

error awimed to exist in all o w  best object-glasses, I must oi c‘o~ir+; 
notice the observations upon which the assurance lias been fc unded. 
The author of the essay expresses his opinion that this “ minute 
structure of the Pocliira affords the most severe trial for rcsidinry 
aberration mifh mhich he is acquainted.” I have three +li object- 
glasses, and it is most easy to produce the beading with tlie worst 
of them. The highest eye-piece should be used, the draw-tube 
lengthened, and the object placed slightly out of focus. The illn- 
mination (with the achromatic condenser) requires long and careful 
coaxing to obtain the illusion. Figs. 4 to 7 in Dr. Pigott’s paper 
do not fairly represent the appearance. The beads are neither so 
closrly packed or so regular as there shown. The under-beads may 
appear to cross either to the right or left, according to the illumina- 

. tion orfuwcy of the observer. Having got the beaded forin developed 
to the hest advantage, if TC now remoye the highest eye-piwe and 

H a ~ i n g  now given some reasons for repudiating the 17 
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substitute the lowest therefor close in tlie tube, and acljust the focus 
(which the change of eye-piece requires), the beaded appearance 
dissolves into the usual “ note of admiration ” markings. Another 
appearance may be very easily obtained in the Podula-that of a 
series of oat-sliaped cells, each end terminated by a brigllt spherule; 
a i d  with equal reason might be claimed as tlie real structure. 
Probably no one has ever examined this object so carefully and 
systcniatically as the late Richard Eeck. With his oTTn liands he 
collected hundreds of speciniens in niany localities a id  of every 
variety of species. Some of these lie gave to nie, and wliicl! I value 
exceedingly. I never once heard him express an opinion that the 
inarkings were otherwise than longitudinal ribbings. The surest 
may of deciding the question is by examining fragmentary pieces of 
the scale. The insects are not easily obtained at this time of the 
year, or I would offer some illustrations. 

At  the conclusion of Dr. Pigott’s paper he states that “ the  
surface of nietals and alloys, vith st power of 1000 diameters, show 
under reflected light particles, apparently spherical, agglomerated 
together, with dark lines separating the particles.” The plane 
surfaces of mercury, well-polished speculum metal, or steel, show 
no structure, but metals with an imperfect surface are full of 
glittering points which can be developed as spheriiles. A broken 
surface of bright points is by no means a practicable test for the 
correction of object-glasses, for the numerous images interfere and 
cause a confusion of the indication which is required from a single 
point only. When a particle of mercury is beaten into fine dust for 
the purpose of obtaining a very minute point of light for testing 
errors, a single atom is isolated, as the comas from surrounding ones 
would embarrass the result. The broken surface of fine cast-steel 
consists of angular fragments or crystals ; a few of the highest can 
be seen in focus, those beyond appear as spherules. 

At  page 192 of this Journal, for April, Dr. Pigott states:- 
‘‘ I had the good fortune to discover yesterday that the median line 
of‘ the Formosum is formed of four parallel rows of beads about one- 
tliird the size of the general beading. Every part seem coiiipouiided 
of cohesive spherules.” I refer to this as an example of ho~v a false 
structure may be developed in one part of an object of this character 
by the interference from adjoining parts. Taking the entire scale 
of‘ the Forinosum, this four-banded appearance of beads iiiny readily 
be shown on the median line, and it \Todd be hard to say that they 
did not exist; but this Diatom is exceedingly brittle, and liable to 
split domn the centre, or close to the median line. I have a slide 
containing numerous fractured specinlens ; in one, the midrib stands 
out quite isolated a distance beyond the broken scale. In  this 
portion, not by any means of illumination, or any object-glass that 
I can employ, am I able to develop a bending or molecular structure; 

. 

. 



tlicrc is oiily a faint iiidicatioii of‘ n corc, or median liuc. In tlic 
portion of tliis miic i d r i b  sitnnted iu the scalc the rows of beds 
can be made to appear. I liavc therefore no doubt t’liat tlicy arc 
spiirions. 111 fix& in the Foi..irzosui~~ tlic row of beads nest t,o the 
miclril~ are much finer, or :tLout half the size of tlie ot,llers, nnd :L 
spurious iiuagc of these can be thrown within thc rib. 

Tlw 
splicrules are prfcctly isolated, niid appear like heads of coral on it 
deep sliS-bl11e g r o d ,  niid at the fractt1rc:l alga t h y  or~erliaiig in 
some places. 

Uiider n ,’,& tho Fownosui~z is a most superb object. 

\T.-Oii CL ivcic! Critical R m d n r d  Jfemzwe of the  Pei:fictioi~ q: 
IIigh-picer DeJizit io J L  a s  ctforrlall by Dit i f om s’ r i 11 1 ~ Y o l ~ ~ i ‘ t ’ s  
Liiies. By Dr. ROTSTOX-PIGOTT, M.A., C a i  tab., Fellow of 
tlic Cambridge Philosophical nnd of tho Royal Llq trononiicnl niic1 
iMicroscopica1 Societies of London ; foriiierly Fellow of St. Petcr’s 
Collep, Cambridge. 

TIIC study of Diatoin- and Nobert’s lines unquestioi1:LbIy reimrd3 t lv  
ardent observer for years of application and research. Ey snch 
studkc; chiefly microscopy has reached its proud position among tho 
advanced scipnces of the nineteenth century. TVliat was deemed 
impossible tcn yenis ago is now with the microscope a coiiinion feat 
performed at mill and at oiicc, RS the resolution of Xiiomboidcs, 
d d i  good observers might fornieily be hours in attaining. 

Further ailrances can only be niaclc by searching out errors yct 
to  l,c rcincdicd: it is unpliilosopliical to  declare perfection has I m i  

reached--xs n bar to  inquiry. The satisfied optician, in tlie face of 
modern irnp-oviimits, is npt to feel it wonld be far heltcr to I d  
 ell alone xnil disconray fiirtlier refinements in optical wicnce. Onr 
motto must still be ‘ I  Onwarit.” 

The great obstncles to niiiinte obscrvatioii niay lie ,iunimcd up in 
t n o  mrJs  : imperfect correction nnd exaggerated diffraction. 

Thc former is perhap3 insufficiently studied by microscopists, 
vlio often purchase their glasses on trust ; the latter is a snljcct 
vhich remains to be thoroughly investigated and eshausted. Both 
the-c causes distort, derange, and disfigure the true definition of 
minute objects, and especially thc appearance of t l i ~  celebrated lincs 
of ilTobe?t’s Test-Plate. 

Diffraction lines arc not confined to the iniages of brilliant 01)- 
jects. If  a transparent or rather opalescent and pellucid film of n 
variegated substance traced mith dark spots and lincs be examined 
nnder a high power, Then illuniinated l y  tlic dirici r n ~ s  of tlic R i m .  

YOL, I11 \ 


