


e B g | bk § (B




Spencer Optics

The oursranding optical performance of
modern microscope objectives has been
achieved through excellence of optical de-
sign, the use of select materials and pains-
taking workmanship in construction.

Since single lenses with spherical sur-
faces can provide only an imperfect optical
image, It is necessary to overcome the
defects or aberrations of single lenses by
constructing optical systems which con-
sist of more than one lens. It is the task of
the oprical designer to discover those com-
binations of lenses: the radii, thicknesses,
separations and glasses of a system which
form the most perfect oprical image.

The degree of perfection of an optical
image is judged E}- the crispness of the
definicion in the image, the resolving pow-
er of the lens system, which is the power to
reveal objects close together as separatc
objects, and finally, by the contrast by
which the derails of the object are repro-
duced.

The definition of the lens system de-
pends[primarjl}r on its image-forming qual-
1ties. lts optimum is rcached if all the rays
from a point on the object are refracred to
one anthhf: same point in the image, and
if this is true for all other points in the
object. Furthermore, this condition should
be sausfied for rays of different color,
which is called correction for chromatic

Objectéves with Iris Diaphragm.
left, 1.8mm. achromar; right, 2o, apochromar.
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aberration. By a careful mathema
analysis of the refractive action of I
on the light ravs, it is possible to s
lens combinations in which this ide
very nearly rcached. The merthods of
optical designer to solve this difficult i
ematical problem form a special anc
tended ﬁelF:i in the science of optics, th
called Geomertrical or Ray Optics. M
outstanding physicists and machen
cians from all countries have fele the ¢
lenge of the oprical design problem
have given consideration to its succe
solurion. Since the davs of the first A
ican microscope builder, Charles Spes
this organgzation has kept in close cor
with the science of geometrical optics
contributed to irs progress. The prime
portance of this science for conrin
development of superior and efficient m
ods 1n optical design has contribute
the improvement of the performanc
MICrOSCOpes.

It is true chat the resolving power of
microscope and the contrast wichin
image depends on the perfection of
definition. Maximum resolving power
only be obtaimed if the image-focu
action of the lens is flawless. Howe
even when the definition is perfect we
not reach an unlimited resolution of
jects, since an insurmountable bounda
sct by nature through the finite w
length of light. As a consequence of
wave theory of light, onc finds that
light energy which is radiated from a p
source never can be concentrated agai
lenses in one given image point, even if
image-focusing action of the lens is
fect. Instead of a point image, a diffrac
disc of finite dimensions is seen wi
dimensions cannot be smaller than a
tain fraction of the wave length of Ii
This causes a limit of the resolution wl

can be shown by the formula TT‘-;-&—&“']
NA is the numerical aperture of the

Jective.
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judgment of the perfection of a lens, the
designer therefore has to employ, in addi-
tion to methods based on geometrical
optics, other methods derived from wave
optics. This knowledge of wave oprics
plays an especially important part in the
determination of tolerances for which the
lens system should be manufactured.

Recent results in the wave oprical inter-
pretation of the image have demonstrated
the influence which rhe construction of the
lens may have on the contrast of the de-
tails in the image. The aim of obraining
images of maximum contrast then repre-
sents an additional problem in the im-
provement of microscopes. Work on this
problem has provided us with instruments
which have ser new standards of perform-
ance, and continuing research should lead
to even betrer optical designs in the future.

The marerials available for the use of
the optical designer have grown in number
and quality. Charles A. Spencer made his
own optical glass during rEc middle of the
19th century. He also used natural mate-
rials such as fluorite. Optical glass manu-
facture was developed greatly in Europe
during the latter half of the century and
was taken up again by Amecricans during
the First World War. We mer our needs
during this period by establishing an opri-
cal glass plant ac Hamburg, N. Y.

For many years fine optical glass has
been available from scveral sources in the
United States as well as Furope, and the
oprical designer has had a rapidly growing
CE()in: of refractive indices and dispersions.
New, unusual glasses have been made from
rare oxides and are available to AO lens
designers.

Good workmanship interprets careful
design and proves the work of the design-
er. Experimental lenses are made and rested
to check every new design, to see that it
fulfills its purpose and to determine if it
can be produced economically. Good work-
manship is revealed in“the uniformiry of
the lenses and mountings. Like lenses are
interchangeable oprically as well as me-
chanically. An exhaustive inspection rou-
tine guards the quality of Spencer instru-




Apechromatic Objectives; left to right: 1w, 8mm., 4mm., 3mm., N.A130, Jmm., N.ATA0, Do, N.A 1A

Spencer Microscope Objectives

Apochromatic Objectives

Of all types of microscope objectives,
the apochromats represent cthe closest ap-
proach to perfect definition. The most
common defects in microscope objecrives
are the failure of light of different wave
lengths of the spectrum to focus at the
samc point (Chromartic aberration) and
the fa.ifurc of light entering different zones
of the lens to focus at the same point
(Spherical aberration). These defects are
overcome to a remarkable degree in apo-
chromats, which are corrected chromati-
cally for three colors of rhe spectrum, and
spherically for two; whercas in the achro-
matic objectives the corrections are limited
to two colors and one respectively. The
natural crystal fluorite 1s used to make
some of the lens clements. With glass alone

it is not possible to obrain the nece:
COTTECEiONS.

Apochromats are used for the mos
ricalpmiurgsmp}', both for visual worl
for photomicrography. They are espec
useful in phoromicrography, where
is to be reprodaced.

Because of the greater perfection of
color correction im apochromatic ©
tives, the oblique color error is of nece
somewhat greater. To compensate foi
residual color error, it is necessary
these objectives in combination with
pensating evepieces. A microscope h:
an optical system with apochromati
jectives and compensating cycplieces
also have an achromartic condenser t
tain the best possible performance.

| Equiv. Focus Initial 3 Numerical WorkingD
Cat. No, min. Magnificarion L¥pe Aperture L1 I
150 16 10 dry 0.30 5.2
152 =« § 20 dry 0.60 0.75
154* 4 44 dry j 0.95 0.20
156" 3 60 dry 0.95 0.16
161 3 60 oil imm. 1.30 0.20
162 3 60 oil imm. 1.40 0.17
158 2 G0 o1l tmm. 1.30 0.10
1299%* 2 90 oil imm. | 1.30 0.10
159 2 a0 oil tmm._ 1.40 (.05
160 15 120 oil tmm. 1.30 .08

*Furnished in collar adjustment mounts,
¥*With iris diaphragm.

Fluorite Semi-Apochromati
Objectives

The duorite obhiectives occubpy 4 DO:



used where the extremely fine correction  struction, which is similar to that o
of apochromats is not required. Their  achromatic objectives, with some lens

moderate cost is the result of their con-  fluorite crystal used instead of glass.
Equiv. Focus |  Inirial | Numerical |WorkingDi:
Cat. No. 1L, Magnification Type [ Aperture | in mm.

130 1.8 97 | oil imm. I 1.30 l 0.10
Achromatic Objectives graphic, in which extremely critical «

Spencer achromatic objectives have been 21 performance is not required. The
developed to obrain optimum resolving  sistently fine performance of Spencer ac
power and definition with simple, eco-  martic objecrives is universally recogni
ncinugallconstrucf:lon. Their ch‘j‘pmagc "]*J“d and 15 a result of their excellence of de
~ al correc are s st £ ;

-.-.f) 1erical correcrions so adjusted thar 4 o ion
the image is remarkably crisp and free ; e S
from eblor. The following listing of objective

Achromatic objectives are used for most  cifications will help you to select the t
microscopic work, both visual and photo-  suitable optics for your work.

Equiv. Focus Inicial Numerical  [Working Dis
Car. No. mim. Magnification Type Aperture in mm.
101 48 232 dry 0.08 52.5
102 40 2.8 dry 0.08 35.2
104 32 4.0 dry 0.10 21.0
105 30.2 3.5 dry 0.09 24.1
106 24 3.5 dry 0.08 4.2
107 25 5.1 dry 0.17 21.0
108* 16,32 10,4 dry 0.25,0.10 4521
112 8 20 dry 0.50 1.44
115 4 44 dry 0.66 0.63
118 4 45 dry 0.85 0.20
122 3 60 dry 0.85 0.20
127 1.8 95 otl imm. 1.25 0.13
1292%* 1.8 95 oil imm. 1.25 0.13

"Separable objective screw mounting,
**With Iris diaphragm,

Construction of Spencer Objectives, lefe 2o vighe: 1.8mm., $mm.. Wmm.




Spencer Microscope Eyepieces

Huyghenian Eyepieces

Huyghenian Eyepicces are usually sup-
plied for visual work and are standard
equipment of High School, Laboratory
and Medical Microscopes. They contain
two plano-convex lens elements. The focal
plane is between these lenses and the dia-
phragm provides a convenient holder for
reticules or scales used when counting or
measuring derails in the field.

SINGLE PAIRED
Car. Nu.f Power | Price |[Car No.| Power | Price
136 5% 1136 5X
138 e 1138 aX
140 BX 1140 8x
142 10X 1142 10X
143 16X 1143 16X
144 12X 1144 12X

Wide Field Eyepieces

Wide Field Evepieces for use wirth com-

ound microscopes provide a large field.

1ey are especially appreciated by path-
ologists and clinicians Emr routing cxami-
nation of blood and bacterial smears. The
corrections attained by additional lenses
in the eyepieces permit the use of a larger
diaphragm in the eyepiece, thus providing
a larger field,

SINGLE PAIRED

Ramsden Eyepieces

Ramsden Evepieces are particularly
suited optically for the use of sca
reticules for measuring or counting. |
Ramsden Evepieces are often includ
the Junior Stereoscopic Microscopes.
can be used with achromaric or fl
objectives.

SINGLE PAIRED

Car.No.| Powsr 1 Price E:t No.| Power I

CRI.NU.. Power | Price

Car. No.| Power | Price

135 | 10X ‘ 1135 | 10X
137 15 1137 15X
139 | 20X | | 1139 | 20X

177 | &x | 177 | ex
178 | 10X 1178 | 10X
179 | 15X | 1w | 15X

Compensating Eyepieces

In apochromatic objectives the ol
color error is mor corrected to the
degree of perfection as is the axial |
The compensating evepicces have
designed o compensate for the rc
oblique color of apochromatic objec
Because of their higher degree of c
tion, compensa evepieces are frec
ly used inﬁkﬁgggpbmglmicmgmphs
achromaric objecrives.

SINGLE PAIRED
Cat.No. Power | Price |[Caz. No.| Power
165* | sX 1165% | 8X
166 sX 1166 | 35X
167 | 10X 1167* | 10X
165 18X || H168 10X
16 | 12X | 1160 | 12%
170 i5X 1170 15X
172 20X 1172 20X
174 30X || 1174 3008

*High Eve Possz

Four types of eyepaeces, Ieft to right: Huyghenian, Wide Focld, Ramsden, Compensating.




Screw Micrometer Eyepiece

This micrometer eyepicce represents the
highesr type of precision in construction
and guarantees the greatest possible pre-
cision of measurement, Instead of the
visual cross hairs, a finely-ruled glass scale
is used, rhe cenrer line of which is replaced
by a V. This V serves in the usual way asa
reference point for the scale. Each interval
in the scale is exacely equivalent to one
revolution of the screw which moves ic:
fractions of a revolution of this screw ar
indicated by a drum graduated into 100
parts. The drum may be rotated on the
screw axis to adjuse its zero reading ro anv
required position. This system has impor-
tant advantages, especially in the measure-
ment of large objects. Unlike other microm-
cters, it does nor require the rraversing
of the index over the entire length of the
object, as a fraction of one rotation of the
screw is all that is ever necessary.

In measuring the length of an objecr,
the scale is moved until one of the milli-
meter lines coincides with the margin of
the object under examination; and then, by
noting the amount of revolurion necessary
to bring anather line into coincidence wich

Catalog No. 425 Micrometer Eyep

3
the opposite side, the fractional p
the last division can be read to hundr
The scale has thirty divisions,
every fifth division indicated by a
bered line of double length.

At.

C
Na. Dr_sn:ripr ian

"}

£25 Micromerer Eyepicece, 10X..........

Method of Calibrating Micrometer Discs for Eyepi

All of the scales placed in the evepieces
have arbitrary length, and the apparent
length depends on the magnification. Con-
sequently, each scale has ro be calibrared
for use with each combination of objective
and eyepiece. To calibrate, focus on a stage
micrometer and move it until onec of the
graduarions corresponds exactly with one
of the divisions u% the eyepiece microm-
cter.

The truc distance (&) seen on the stage
micrometer, which corresponds to the
number of divisions (3) of the eyepiece

micrometer, is then read, and dividir
rrue distance by the number of dis
of the cyepiece micrometer, we fir
distance each one subtends: (c=x/y
number of divisions covered by the
men, multiplied by the calibration co
<) gives the length of the specimen
an evepiece micrometer has been calil
it ﬂce!not be recalibrated when useq
the same eyepiece, the same objecti
the same tube length. If the tube len
the microscope with adjuscable dras
1s changed, these values change p
tionally, and chis may bring the va
the evepiece scale to an even wval
slight movement of the draw tube

litdle loss of definition, but any cha
tube length from the correct value

mm. increases the spherical aber
-.‘.lﬂl.'q TFq'].ITI"FC T]'IF' [{Pﬁ11l‘f’iﬁ1'ﬂ“l T'F oYy



Measuring and Counting Accessories

Micrometer discs and reticules are glass
discs having finely etched scales. They are
placed in the microscope eyepiece for the
purpose of measuring or counting objects
viewed through the microscope or to limit
the ficld observed.

Spencer discs are supplied in two diam-
eter sizes. The 20.0mm. discs fir old seyle
Huyghenian eyepicces in which the flange
of the diaphragm turns up, and also the

-

Huygheaian cyepicces faswell as B
L};:itzé and Zeiss) in which the fla
the dia turns down. The
diame:tcfhgf::?m also suitable f
Ramsden and Wide Ficld eyepieces
for compound microscopes.

The linear valee of the graduatio
micrometer disc must be determirn
cach combinarion of objective an

tece with which 3¢ is used. The C

eyepicces of Spencer Stereoscopic Micro- 0. 400 Stage Micrometer provi
scopes. The 21.15 diameter discs fit Spencer  accurate scale for dezermining these
Diam.
Hlustrations Car. i :
No, Name mm. Relicg
- 405 | Micromerer Disc | 21.15 | Smm. suﬁ divaded t220 SO pares i
¥ S 410 | Micromcrer Disc | 21.15 | 5mm. scalc divaded soe0 300 parts
/ \ 1405 | Micromerer Disc | 20.0 | 5mm. scale divided =0 S0 parzs
e 1410 | Micrometer Disc | 20.0 | S5mm. scale divaded S=so 100 parss
K PLilos ) 1406 | Micromerer Disc | 20.0  |10mm. scalc divaded smso 300 parss
Wy / 1407 | Micrometer Disc | 20.0 (10mm. scale divsded s 300 parts
Reticuls .
1408 |(Netr Micrometer) | 20.0 [10mm. square Sivsded fmso 100 1mm. squares
Rericule _
1409 |(Net Micrometer) | 20.0  (10mm. square &ivadad f=tn 400 . Smm. squares
Reticule -
1421 {Iﬁi;t_fj:rumcmr) 20.0 | Smm. squsrsSiwsded Sme0 5 Imm. squares
ticule
422 |(Net Micrometer) | 21.15 | Smm. squsre divadiod sse 300 . Smm. squarcs
427 l&m; Hair Disc 21.15
1427 s Hair Disc 20.0
416 |Whipple 21.15 |For usc wish Jo% ian cyepicce
Lﬁumtm Uﬁ;& with Mimss wve for counting
Disc ust parmicies, or wath higher power ob-
i’ ja;:l:imhﬂﬁum ; [y
ach quaresr of fsrpe 7 Omm. square divi
into 25 smaller one of which is
subdivaded smeo 25 sull smaller ones.
471 |Spanner Wrench
for diaphragms
| ~REMNwe TEHA Tacl |







