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To Our Customers

Ordering—Inordering give catalogue number and name.
State to whom the goods are to be charged; if to a
corporation or school, use regular order forms when-
ever possible.

Terms—QOur terms are net cash at 30 days, and monthly
accounts are pavable on the 10th of each month.
Overdue accounts are subject to sight dratt. No cash
discount is given.

Customers not having a credit already established with
us will understand the necessity of sending reliable
Chicago references or of enclosing remittance to cover
the amount of the purchase.

Remittances—Remittances should be made by bank
draft on Chicago, or by postal or exoress money order.
If local checks are sent add 15 cents to cover collection
charges.

rices—The prices given in this catalogue not subject
to discount.

Inspection—All apparatusis carefully inspected before
leaving The Scientific Shop, but any defect which has
escaped us will be rectified on prompt notification.

PacKing—The utmost care is taken in packing our
instruments, but we can assume no responsibility for
breakage in transit if shipments are not insured.
Our responsibility ends with delivery of the cases in
good order to the transportation company.

Except where specifically mentioned no charge is made
for boxing and cartage, on orders amounting to ten
dollars or more,

Shipping—In the absence of definite shipping instruc-
tions, small orders and delicate instruments will be
forwarded by express. Parcels sent by mail are at
purchaser’s risk.

Insurance—At a premium of five per cent. on the cost
of the instruments we can insure shipments for our
customers in order that they may be indemnified in
case of loss or breakage in transit.

ClanatlE"m . o oy & -
P T T

-

ST e T

Vet e FTETTCT




r
i
i
{
N

i e
T

CATALOGUE D

The Scientific Shop

ptical Parts

Telescopic Objectives
Telescopic Mirrors
Eyepieces

Test Planes

Plane Parallels

Prisms

Lenses

Echelcn Gratings
Interferometer Plates
Iceland Spar Preparations
Quartz Preparations
Rochk Salt Preparations
Diffraction Gratings
Microscopic Lenses
Photographic Lenses, elc.

THE SCIENTIFIC SHOP

ALBERT B. PORTER
324 DEARBORN STREET, CHICAGO, U. S. A.




 f
I

e
3
®
(=]
(49
]
-
by
= =]
s
T
o
=
=
b
B
[~
i

g T R A T T N R ST R

T L —
£, T s L 60 R SR S LS T




Introduction

With the exception of a few of the smaller items,
the optical materials listed in this catalogue are of
our own manufacture. QOur optical works, which
are well equipped with modern machine tools, special glass
working machinery, testing devices, etc., are located in
Evanston, Ill., a suburb of Chicago, where pure air and
quiet surroundings give the best working conditions. Mr.
F. G. Pease, our superintendent, is a man of wide experi-
ence in large optical work and is a clever designer of special
instruments for astronomical and physical research. He 1s
a graduate of one of our large technical colleges, where
\he specialized in physics and mathematics, and has had the
great advantage of a connection of six years with two of
our largest research observatories, the Yerkes Observatory
at Williams Bay, and the Carnegie Solar Observatory at
Pasadena. His experience thus not only includes work on
and with some of the largest telescopes in the world, but
also the design and construction of complete observatory
and spectroscopic eguipments.
€ We are prepared to make objectives and mirrors and to
build complete astronomical telescopes of modern designs
in the largest sizes, to submit estimates on domes and
mountings, and to make all of the minor instruments such
as transits, meridian circles, spectroscopes, coelostats, etc.,
which are needed in the modern observatory. Special
physical apparatus will be made to order from sketches or
drawings or to our own designs, and we are always ready
to undertake the construction of instruments of precision
for research work.

q In the following pages mirrors, specula, prisms, etc., are
listed in several grades or degrees of precision. This is
done in order that our customers may select optical parts
suitable for the experiments in progress, without being
compelled to pay the high prices necessarily charged for
work of the most extreme precision. It is hoped that the
paragraphs below on the accuracy required of optical sur-
faces may be of some assistance in selecting optical parts
for specific purposes.
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The Accuracy Requir-d of Optical Surfaces

The skilled optical craftsman recogmzes no limits to the accuracy of
the optical surfaces he can make except those set by the methods of test-
ing which are at his command, and those due to the physical properties of
optical glass. Given a homogenecous glass dise so thick that Hexure would
introduce no appreciable error, given a constant temperature room in which
to work, given time, given skill, and given patience, there would he no -
herent difficulty in making an optical surface of almost any specitied degree
of precision, provided methods of testing the surface to within the required
limits of error were available. Indeed, the methods of testing now prac-
ticed are so sensitive that Hexure of the glass and distortion of the surface
due to local temperature variations are among the chief bars to further
progress. These difficulties are, however, not sufhicient to prevent the pro-
duction of surfaces meeting the most exacting requirements of the physicist
and the astronomer.

The degree of accuracy required of optical surfaces has been investi-
gated by Lord Rayleigh (“Scientific Papers,” Vol I, p. 436), who has shown
that, in the formation of optical images in telescopes, spectroscopes, ete., i
distortion or aberration of the wave front amounting to onc-quarter of a
wave-length or less does not sensibly impair the definition.  In the case of
the telescopic image of a star, for example, such an aberration merely has
the effect of shghtly diminishing the intensity of the central dise and
slightly increasing the brightness of the hrst diffraction ring, but the result
is not sufficient to injure the definition. It follows that any optical surface
used in the formation of images is sensibly perfect if it introduces no dis-
tortion in the wave-front amounting to more than one-quarter wave-length
(1/172000 ince ».

In the case of a reflecting surface used at nearly perpendicular inei-
dence the permissible error 1s hence one-cighth wave-length (17344000 inch),
for an error of this magnitude, being doubled in the reflection, will produce
a quarter wave-length distortion in the wave-front. [f the mirror is habitu-
ally used at larger angles of incidence the surface accuracy required 15 less,
and diminishes in fact with the cosine of the anele of incidence, Tt will, of
course, be understood that such refinements of workmanship are only re-
quired in instruments in which the finest attainable definition is sought, and
in which the highest magnifications are used which are consistent with the
aperture.  Iirrors twice as great as those mentioned above are often per-
missible and, in low-powered instruments, aherrations of a whole wave-
length are of no practical moment.

The accuracy required of a refracting surface is only about one-fourth
as great as in the case of a reflecting surface. Suppose, for example, that
there exists on the surface of a lens a local elevation one-half wave-length
high. The path of the light passing through this elevation will he one-half
wave-length shorter i air, and a corresponding distance longer in glass,
than the path through neighboring portions of the lens. But, if we assume
the refractive index of the glass to he 1.5, the waves in the glass will he
but two-thirds as long as in air, so that the assumed elevation in the sur-
face will increase the path in glass by three-fourths of a wave-length. The
net mmcerease in optical path due to the elevation is hence one-quarter wave-
length, which measures the resulting deformation of the wave front. It
therefore follows that the permissible error in a refracting surface is one-
half wave-length, or four times as great as in the case of a mirror. Of course
if the finest possible definition 15 not in question, considerably greater errors
are allowable.

The well-known TFoucault test, as developed by Professor G. W.
Ritchey (Ritchey: “Modern Reflecting Telescopes,” Chapters X1 to XIV),
is, in skillful hands, a sufficiently sensitive test to meet the requirements
stated above, and is wonderfully flexible in its adaptation to surfaces of vari-
ous forms. We use this method in testing plane mirrors above 18 inches
in diameter, as well as in testing spherical, paraboloidal, and hyperboloidal
mirrors and telescopic objectives. Our first quality surfaces are ligured so
that under the Foucault test they show perfectly uniform illaumination when
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the light is nearly extinguished.

Planes and parallel plates which are to be used in such instruments as
interferometers and echelons are often required to have an accuracy con-
siderably greater than that needed in telescopic work. Fortunately, however,
Cterference methods of testing such surfaces to the required degree of pre-
cision have been developed by Rayleigh, Lummer, and others, so that we
now find no very serious difficulty in making plane surfaces of moderate
cize which are true to within less than one-twentieth wave-length (1/8600010
incli), or in making parallel plates of moderate thickness whose faces are
Nat and parallel to within the same limit of error. Indeed, the chief trou-
bles connected with such work seem to arise from local changes of tem-
perature during polishing, and from flexure of the glass. Owing to the
latter cause the labor of making planes and parallel plates increases enor-
mou=ly when their thickness is decreased below certain limits.  All of our
parallel plates and all of our planes below 18 inches in diameter are tested
by interference methods, and arvangements are contemplated which will en-
ble us to similarly test planes up to the largest sizes.

Test Planes
These circular test planes are made for the purpose of testing the accu-
racy of other optical surfaces by the interference method.  They are pol-
ished on hoth sides, and one side is figured to an accuracy of one-twentieth
wave-Tength (17860000 inch) in the Grade A, or to one-tenth wave-length
(17430000 inch) in Grade D, except at the extreme edges,

Fig. 1 D 140

To test an optical surface, such as that of a prism, it is placed under
the ground glass diffusing screen of the testing devive, Iig. 1 (D 140), in
such a position that the surface to be tested lics horizontally. “The test
plane is then laid face down upon the surface, and the interference bands
~which show in the light of the sodium burner in the wedge-shaped air film
between the two surfaces are examined. If these bands are straight and
equidistant, as shown in Fig. 2, the surface is optically flat. 1f the bands
are curved, as shown in Fig. 3, the surface is not perfectly plane. Since the
difference in the path of the light in the air ilm between the two adjacent
bands is one-half wave-length (1/86000 inch), it follows that, when the in-
cidence is nearly normal, a curvature in one of the bands amounting to one-
fifth the distance between the centres of two bands indicates an error
of one-tenth wave-length (1/430000 inch) in the optical surface, and so
plainly do the bands shows that an error of this magnitude can hardly es-
cape the m st casual observation. The appearance of the curved bands 1s
shown in 1ig. 3 where, since the curvature amounts to a whole band, the
error of 1" - lower surface is seen to be one-half wave-length (1/86000 inch).
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Fig. 2 Fig. 3

The two surfaces must be quite clean when put together, and it is best
to lightly wipe each with the palm of the hand, otherwise particles of dust
or lint may hold the surfaces so far apart that the bands will be too nar-
row to be readily seen. 1f the surfaces are clean, the bands can bhe made
of almost any desired width by lightly pressing down first on one point and
then on another of the edge of the test plane, 1f the lower surface is sensi-
bly convex or concave, the fringes may thus be made to assume a circular
form. as shown in Fig. 4: the number of wave-lengths error in flatness of
the surface from centre to edge is then given by half the number of the
circular fringes, provided the incidence is nearly perpendicular. Dipping
the head so as to increase the angle of incidence of the light which reaches
the eyes, causcs the fringes to move towards thicker parts of the air film;
hence, if dipping the head causes the circular fringes to contract, the sur-
face being tested is shown to be concave, and conversely in the case of a
convex surface. In general, a motion of the fringes toward their centre
of curvature, as shown by the arrow in Fig. 3, indicate concavity.

Fig. 4

The interference test is such an exceedingly sensitive one that care
must be taken to avoid inequalities of temperature which might distort both
the test plane and the surface to be tested. An instructive experiment may
be made by letting the finger tips rest for a few moments on the upper sur-
face of the test plane; it will be found that the heat from the fingers will
distort the test plane so as to cause a marked curvature of the bands. Tt
takes but half a minute to thus temporarily throw a 2%-inch test plane a
half wave-length out of truth.
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Fig. 5 Fig. 6 D 141

In testing surfaces by the interference method, we use either the appa-
ratus (D 140) shown in Fig. 1, or that shown in Fig. 6 (D 141), each ot
which includes a conveniently arranged sodium burner, a ground glass dif-
fusing screen, and a movable grooved block so shaped as to hold 60° or 90°
prisms in position for testing. Fig. 5 shows a sectional view of the apparatus
(D 140) with a prism and test plane in position. The apparatus shown in
I7igs. 1 and 5 is used for ordinary tests; that shown in IYig. 6 is used when it

is necessary to make the test with parallel light at normal incidence.

Test Planes, Grade A

Li

D102—-110
These test planes are circular, are polished on both sides, and one side
is ligured to an accuracy of one-twentieth wave-length (1/360000 inch), ex-
cept at the extreme edges.

D 102. Test Plane, Grade A, 2 inches mn diameter, true to one-
_ twentieth wave-length (17860000 inch)............... $10.00
D 103. Bame; 295 nehes s fia s e is s e v 15.00
D 104. Same, 3  I0CheS. oo e e e e e 20.00
D 105, Same, 3045 1nches. vt vt it e e e 25.00
116 SaMe, G INCHES o e SR S SRR 30.00
EX OB RArie 0 ann e s b i s e s 2 s i 0 G S B 47.00
D 110. Same, O INCHeS . . . o ottt e e e e et e e e e 65.00

Test Planes, Grade B
T T
[T T
D 122-136

These test planes are circular, are polished on both sides, and one side

is ligured to an accuracy of one-tenth wave-length (1/430000 inch).

D 122. Test Plane, Grade B, 2 inches in diameter, true to one-
tenth wave-length (1/430000 inch).........covvuun.. $ 7.00
123 BSamhe; 200 mches oo daresi rrmess cn s s s e 10.00
DUT2E: Bamme. 3 i s o i s 0 b 08k e ot <o e e e e e 13.00
D 125. Same, 305 INches. . ..ttt i it e e e e 16.50
1126, SEE & INERBE . o i s s s e e 20.00
B K28, SamME, D Nches v ern s i e S e e R e Fe e 31.00
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D130, Bame 6 inches: covin s b snihe s 15 5 e iiria i s e arne s s 44.00
D 131. Same, 7 inches. ... .. 60.00
D T T T A e 93.00
D 133, Same, O anches. oo v o e e 130.00
BT ISR L BRI e s o e s T S S e 1 LA S w5 170.00
DS Sane: 1l ICHeE v oimimsainm sy me s s s i e s e g s e 220.00
D136, ‘Bame 12 inehes: oot se v s ui s i PR e S e s e 275.00

Testing Stands for Interference Tests

These stands are used with test planes in testing the accuracy of optical
surfaces by the interference method described on page 5. Stand D 140 15
used for ordinary tests; D 141 is used when it is necessary to secure perpen-
dicular incidence, as in determining the exact curvature of surfaces which
are almost flat. Iach stand is supplied with a sodium burner or spirit lamp,
a ground glass diffusing screen, and a support for prisms, w hile D 141 has in
addition a 7-inch convex lens for securing parallel illumination.

D 140. Testing Stand, simple form, for interference tests, with so-

dinm burner, diffusing screen, and prism support...... $10.00
D 141. Same, arranged for tests at perpendicular incidence, with

convex lens seven inches in diameter for securing par-

allel Mlumination ...t i e 20.00

Plane Mirrors, Grade A

For Siderostats, Heliostats, etc.

These circular mirrors are made of glass which is homogencous and free
from strain. The thickness is usually about one-sixth or one-seventh the
diameter of the disc. They are polished and silvered on bhoth sides. All
sizes up to 18 inches are tested by the interference method and figured on
one side to an accuracy of one-eighth wave-length (1/344000 inch) except at
the extreme edges. The larger sizes are tested by FFoucault’'s method, with
the aid of a spherical concave mirror, and figured so as to show perfectly
uniform illumination when the light is nearly extinguished. The Foucault
test is made with the mirror in a vertical position, supported by a band
around the edge.

ik LT

D 150-175

150. Plane Mirror, Grade A, 1 inch in diameter, polished and
silvered on both sides, with one side 1I|,L‘:11]'f{f to an ac-
curacy of one-cighth wave-length (1/344000 inch)...$ 4.00

v/

D 151. Same, 175 inches. .. ..ottt it ain s 5.00
D 152 Bl Z RO i v mommsnramss s wm e s e, A e 60,5 6.50
1 L I T T em———— 9.00
D I8 Bame 8 IncHes oy o i i e e e e e 12.00
B 158 SRl U e e O G R R e e 15.00
i S T PO T T T N KPS e o e o e S e 18.00
D 158, Same, 5 ImC S, o vt it vt i et ee et et e e e 28.00
ER A  BRIOE B TR 5 oo v srs o o s S S B MR 40.00
I 161, Same. 7 THelOS. cunn oo s emimm s hm e e weses i s s 55.00
D 162, Bame B inclies v v s e s i S e 85.00
D163 S D A e s it e e e R e R 120.00
DN 168 e, I v e e, . o o im0 ot m D 4TS 0 W08 B 6 ML G0 085 0 6 e 160.00
D 165. Same, 11 nches. ..o ve e it it it i e et et et e e 200.00
et 1 T S - 250.00
B 167, Same 15 nehes oo mmavieimmsmie s s aiamiein ws wm ki s 475.00
I 168 Same; 18 mches i mmamimainssvesy srniam i s s 750.00
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D 169. Plane Mirror, Grade A, 20 inches, figured by the Foucault

BB e e R R T T R R A 1,000.00
D 170. Same, 24 inches. . . .oveinrieaammntsataiiriaia s 1,600.00
D 171. Same, 30 inches. ..o v rervanmemmosssoansssrressanrnses 2,800.00
D 172, Same; 36 inches .. i suiusveavesevsmmsssssns nuomeeseemses 4,400.00
D 173. Same, 40 inches. .. .. viiviviiiviiees s s s vnes e es 5,700.00
D 174. Same, 48 INCHES .. .. .o vhvonannsndinidanossanas s 9,000.00
D 175. Same, 60 inches. . o.vv v ninnernnnnesiaanannnn s aannason 16,000.00

Prices on larger sizes up to ten feet in diameter will be quoted on re-
(quest,

Plane Mirrors, Grade B

D 190-208

These circular mirrors are in every way similar to the mirrors of Grade

A except in the accuracy of figuring. They are polished and silvered on both

sides, tested by the interference method, and figured to an accuracy of one-
fourth wave-length (1/172000 inch), except at the extreme edges.
D 190. Plane Mirror, Grade B, 1 inch in diameter, polished and
silvered on both sides, with one side figured to an ac-

curacy of one-fourth wave-length (1/172000 imich)os . $ 3.00
D 191. Same, 114 inches.....ivviiiiiinriaiiceirnreprrereernanns 4.00
D 192. Same, 2 inches. ... vuiieiaiian s tisii st aare sty 5.00
D 193. Same, 214 inches. . ....c.ooviniiierniiiiiiciianicenna. 7.00
D 104 SEME, 3 INCHES. uovmmumnymssmemme sonm s s ss 800 000 50500 9.50
D 195. Same, 34 inches.. i oicivinivearaiosnesvsnansnrrnrersoe 12.00
D 106, Same 4 Tnches: .o o cime i s ardie vl e s e e ms ae 15.00
D 198. Same, 5inches. . ... iuiiniie i iiaieasas 24.00
D 200. Same, 6 iNCHES. . v uecr s s ree e ersasasssasitneis 34,00
D 201, Same. 7 INCRES i w s e s e v o e aa e s i s esm st o tia 47.00
D020 Bame) 8 el oo s o e s i e i e s s 70.00
D 203. Same, 9 inches. . ..o v s iviiiedivei sindah e v e 100.00
D 204. Same, 10 inches...ove e inirnenrinrrrieaneananaeennenss 135.00
DS Same. FLNERes. oo smmmmn anmem enmmms wommsmr wsgsdond SRS 170.00
D 20B6: Same: 12 INches s oawsms vimas s onm s s s e s _ 215.00
D 207. Same; 15 10ches: i v i & s et o b s a5 s 400.00
D 208, Same, 18 inChes. «ourvrnnensonstosossveeiaiimddaadsiam 640.00

Plane Mirrors, Grade C

L | L

D 220-234

These circular mirrors are made of good glass, are polished and silvered
on one side, and are figured to an accuracy of one wave-length (1/43000
inch).

D 220. Plane Mirror, Grade C, 1 inch in diameter, polished and
silvered on one side, and figured to an accuracy of

one wave-length (1743000 inch)............cccovinn $ 2.50
D 221. Same, 114 inches. . ..o veiiiiierrearinieniinaniananas 3.00
D 222. Same, 2 inches. ..o iv et nnnmnas e nassnnas 4.00
D 223 Same. 214 INCRES .. v e ses e s enem s se s oeeme se s 5.50
D 224. Same. 3 Inches. .o v oo Someaie ol @ S g e owe o 7.50
D 225, Same, 314 inches......coiviiiriiiinesrrraacaiiiiiinneen 9.50

D 226. Same, 4 inches. ... iinninnriniesnrnseacisarierneas 12.00
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D 22B; Bame, 5 Inches. oo i visiainin s b i s S R s R 18.50
D 230. Same, 6 inches......... 27.00
D 231. Same, 7 iNCheS. . uurue s e o aiarinnsnnaesaneaeassosss 38.00
B o O I e T 55.00
D233 BRSO IO i mnwia s oo o560 06567 MR AR N0 S S W 80.00
D234 Same: M Inches oo o s o s R TR 110.00

Spherical Concave Mirrors, Grade A
For the ‘““Schlieren Method,” etc.

D 260-268

These mirrors are of circular form, are ground flat on the back, and
the concave front surface is polished and silvered. They are figured under
the Foucault test so as to give uniform illumination when the light is nearly
cut off. The focal lengths given below are approximate only.

D 260. Spherical Concave Mirror, Grade A, 2 inches in diameter,

12 inches focal length.....cvvvviveeeeeeeieeeeeooo... & 5.00
D 261. Same, 2% inches, 15-inch focus...........ooiiiiiininnan 7.00
D 262. Same, 3 inches, 18-inch focus..... ... iiiiviimnain vnnnes 9.50
D 263 Same 4 inches; 2&:anch focusq i ivueins dviuimasnm v s v 15.00
D 264. Same, 5 inches, 30-inch focus.............. . oiiiiinn, 24.00
D 265. Same, 6 inches, 36-inch focus........ ... ... ... ...t 34.00
D 266. Same, 8 inches, 48-inch focus......... ... . ... i 70.00
D 267. Same: 10 inches, G0-10CH fOCUS covn v susmw sssmmmanrs o e ses 135.00

D 268. Same, 12 inches; 72-inch- 008 o vuve s voeavsmes smsmmm 215,00

Spherical Concave Mirrors, Grade B

L — 110

D 270-277

These arc similar to the concave mirrors of Grade A, but are less care-
fully hgured.
D 270. Spherical Concave Mirror, Grade B, 2 inches m diameter,

12 inches focal lengthy, i suses S meameiam amsai $ 400
D 271. Same, 214 inches, 15-inch focus........ ..ot 5.50
D 272. Same, 3 inches, 18-inch focus... ... n. 7.50
D 273. Same, 4 inches, 24-inch focus........ovvvivinni. 12.00
B 274 Same, 5 inches, J0-inch 0005 .. covrmmrmmmanesmmmss i 18.50
D 275, Same. 6 inches, 36-1nch 0CUS .o isrwnvsws e 27.00
D 276:. Bame, 8 inches, 48-inch focus.: cvavamunisssermmsiags 55.00
D 277. Same, 10 inches, 60-inch focus......... ..o 110.00

Silver on Glass Specula, Flats, and Hyperboloids, for Re-=
flecting Telescopes.

Paraboloidal Mirrors, Grade A
I [L1]]

D 300-317

These mirrors are for use as specula in Newtonian and Cassegrainian
telescopes. Diagonal flat mirrors for Newtonian telescopes are listed sepa-



1THE SCIENTIFIC SHOP, CHICAGO. 11

rately below; prices of hyperboloidal mirrors for Cassegrains will be given
on appheation,

The paraboloidal mirrors of Grade A are made of glass which 1s homo-
geneous and free from strain, They are polished and silvered on both sides,
and are tested by the Foucault method with the aid of a plane mirror of
the samme size, and figured to show a perfectly uniform illumination when
the light is nearly extinguished. This method of testing ensures a perfec-
tion of figure and a freedom from zonal errors not otherwise attainable.
The thickness of the mirrors is about one-sixth or one-seventh of the diam-
cter, and all tests are made with the mirror 1in a vertical position, and sup-
ported by a band around i1ts edge. The focal lengths given below are
approximate only. When an exact focal length, or a very different focal
length, is specified, an extra charge is made.

D 300. Paraboloidal Mirror, Grade A, 6 inches in diameter, 5 feet

focil Tendtl oo urnmmmmnaens susmmassssessssneaed H000
D 301. Same, 7 inches; 0-1t: focUS . uwiivimimivmes sveids s v 55.00
D 302. Same. 8 inches, 65t Tocug s aaini sidnie « vadis s e 75.00
D 303. Same, g inches, 614-1t, focUS. ... vttt en s 100.00
B 304, Same, 10 inches, 7-Tb FOCUS oo omevmmvsmeen camaems et 150.00
D 305. Same; 11 inches, 734-ft. focus.. ..o i civniie o o 200.00
D .306. Same; 12 inches, 80t focus cuaviaii oivine svimmmsisaanms 250.00
D 307. Same, 15 inches, 10-ft. focus.,............cviinnn., 375.00
D 308. Same, 18 inches, 11-ft. focus.. .ot i e 650.00
1 309. Same, 20 inches, 12-ft; foeus. ... quvimrendrsrsss svess vae 1,000.00
D 310. Same, 24 inches, 14-ft. focus.....................o.o..... 160000
D 311. Same, 30 inches, 16-ft. focus.. .. ... .. . . e nernnn.. 2,800.00
D 312, Same, 36 inches, 19-1t, focuUS. ... .ovi i i ann. 4,400.00
D 313. Same, 40 inches, 21-1t. focus. .. civine covmvnms wssvvrese  5.700.00
D 314. Same, 48 inches, 24-1t. focUS. ... .o ii e e, 9,000.00
D 315. Same, 60 inches, 29-ft, focus. . .. ... 16,000.00
D 316. Same, 72 inches, 34-{t. focus.. ..ot 25,000.00
D 317. Same, 84 inches, 40-ft. focus....... g 38,000.00

Prices of other sizes up to ten feet in diameter will be quoted on re-
fpuest.

Diagonal Plane, Grade A

For Newtonian Telescopes

A MWW

D 325-342

These planes are tested for flatness by the interference method, are fig-
ured to within an error of one-cighth wave-length, and after silvering are

tried out in connection with the mirrors for which they are made.
D 325. Diagonal Plane, Grade A, for 6-inch paraboloidal mirror.. $§  8.00

1) 326: Same; for Janch Mmoo I s s e T 9.00
D 327. Same, for B-inch mirror. . ..ot e e e e e 9.50
D 328. Same, for 9-Inch Mirror. . ..ot it i et e et e eeenas 10.00
1)-329. Same, for I0-meh MITTor «vones v sk s D ivss seeas 15.00
D 330. Same for 1l-anch oo s s s e r e ST e 20.00
D 331. Same, for 12-1nch mIrmor . . o o e e et et e e et e e s aes s 25.00
D 332. Same, for 15-inch mirror. . .. ..ot e e 37.00
D 333: Same; for 18-nch mMITOY . vuss e enescmss e s i i s 60.00
D334 Same. for 20-nch mivrer: o amnaiinns sirimTsiss ey 90.00

D 335. Same, for 24-inch mirror. . oo oo v e e e e e e e eaee e 140.00
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D 336. Same, for 30-inch mirror.........ocoiiiiiiiiiianniines 250.00
D 337. Same, for 36-inch Mirror.........oovviiiiiaiiiraaens 400.00
D 338. Same, for 40-inch mirror.. ... 500.00
D 339. Same, for 48-inch Mirror.. ..o viveivininr e ieene 700.00
D 340. Same, for 60-inch MIrror........ciieiiiinrrenrenrnens 1,000.00
D 341. Same, for 72-inch MIirror.........cccoiveiiiiiinrsannases 1,500.00
D 342. Same, for 84-inch MIrTOr. . .. .. oon i e 2,000.00

Paraboloidal Mirrors, Grade B

(1 L1

D 350-355

These are precisely similar to the Grade A mirrors except that they
are not polished or silvered on the back, and are not figured to the same
high degree of precision. They are suitable for nse in Newtonian telescopes
in cases where the finest possible definition is not needed, or where the nec-
essarily high expense of a Grade A mirror cannot be borne.

D 350. Paraboloidal Mirror, Grade B, 6 inches in diameter, 5 feet

focal TERE. o oo isme s o e S wamys e s $ 35.00
D 351. Same, 7 inches, 6-ft. focus.........ooiiiiiiiiiiiiin 48.00
D 352. Same, 8 inches, 614-ft. focus.... ... ... ..ol 65.00
D 353. Same, 9 inches, 614-ft. focus.............oiiiiiiiiin 85.00
D 354. Same, 10 inches, 7-ft. focus. ... i 130.00
D 355. Same, 12 inches, 8-ft. focS. . cvvervivniiinrsnnre s i, 215.00

A N M

D 360-365

~ Diagonal Planes, Grade B, for use with Grade B paraboloidal mirrors,
figured to an accuracy of one-fourth wave-length.
D 360. Diagonal Plane, Grade B, for 6-inch paraboloidal mirror $ 6.75

D 361. Same, for 7-inch MIrror.......ccicuiierarranrneessaanss 7.50
D 362. Same, for 8-inch MIrror........coooiiiiiiineaavaan: 8.00
D 363. Same, for 9-inch Mirror...........coeiieaiimmanrenns 8.50
D 364. Same, for 10-inch mMirror.....covnnirrrrronornnransesenns 12.50
D 365. Same, for 12-inch mirror.......cooiviiivnrrerarsrsoronan 20.00

Resilvering Mirrors

Our plane, spherical, and paraboloidal mirrors are silvered when sent
out, and with care the film should last for a year or more even if polished
once or twice a week with wash leather and a trace of rouge. Instructions
for resilvering by our potash process will be sent on request; we consider
it best for the owner to do this work himself. Where time will not permit
this, we can resilver mirrors at the prices given below. These prices include
boxing and delivery of the mirrors on board cars at Chicago.
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F-I-im‘lu-n 1.25
T L —— 1.50

B ACHOE 5 sy e S AR R A R e N T A A 1.75
O RIER e e R T R S R R R TR AT R R ' 2.25
e T R P < PR ot S e P 2.50
{.} il]L']]L"‘" ....................................................... 2.?5
DY D B o asmih it 0SS a0 9T N A 3.25
N L G 0 T A A T b P P B A 3.50
D AR . A P I R T R AR 4.00
T RREIEE v o smommns aenrammeaesam ot ombla s s b e SRR R s e s 5.

s i1'ti.‘1h':-n ....................................................... ?ﬂﬂ
IR T RN OE st v ooy a5 0 R O S B eI 8.50
s e A | oo R R e S R S AR B R R 12.

T SHENEE e SR S P SR SRR SR TR R e 16.00
BB RTINS -5 v cmcomconsvms et o o 8 e 9y s A e ) S8, 0w L6 (G 0] B atia e G e 25.00

D 400-412

Mounted in cell, for astronomical telescopes, spectroscopes, etc,, cor-
rected either for visual or photographic work.
D 400. Achromatic Objective, Grade A, 1 inch clear aperture, in
=3 ) $ 6.00
401, Bawaes 18 Shiches: oo e s S U SRR 7.50

402, SamvE. LA HIEIRS: G oo s e S s R e SR e 9.00
03  Bame. Fad Anches s o o o A R 11.00
A0, SRR 2 CRES o e R R e AR T R 15.00
405. Same, 214 INCheS .. it e e e e 21.00
OB, SHIE, 2V THCHER . woiw et smemsim om0 sy a1 5 3 60 28.00
407 BAME, 238 ICHES vorms o im0 e e S 36.00
408: Bame-3 arehes s sisrr e SO e e 45.00
§09., SaME, 335 MNCRES. ., . . overirnaeeir s e onm s e o ss b8 8 008 864 68.00
410. Same, 4 Inches. . .ttt i e e e 95.00
BEL:  SHIAE A U5 TNCIC R wsiwsimms s oo e e o R R T W R 130.00
$12: BAMED e OS i csres  sR We R r RRaA 175.00
13, S B cimches o e T R S R PSR 225.00
414, Same, 6  Inches. . ... e 300.00
415, Same, 615 1M S . ot i e e e e e 375.00
16, DA, 7 MCHES oo smmssi £ e § e @ s e s s 475.00
217 DA B INCHes oo s s e R T R R RS 675.00
18, Same 9 inches i v s iR e AR 900.00
419, Same, 10 Inches. . ..ottt e e e 1,100.00
420, DA, LU I0CHOE o v i mmsvimsims wommss o s o e e 1,450.00
421, Same. 12 mMches: comaamesasis amasTiEsE e sreTeesseeas.  TyielhGl
422. Same, 1) mches: oo vriiia o s ohaes Sal SR e iiE s S e e 2,400.00
423 Namme, M Inehes: v i dee G SN SRR S 3,000.00
424, Same, 15 INCheS . o0t e e e e e e 3,600.00
425; Bame, 13 MNCHEER . s wammemniresemenns s pnemis e OpaddZ00
A26. Same, B Inches v omrenn sras R TR REETER s | ad000
427. Bame. 24 mches; (o ynyiaumei e i S i svsuedas 1S0000
428. Same, 20 INChes. . .. .. . e e 17,000.00
429, Same, 30 inches. . ... i e e e, 24,000.00
430, BaEE, 30 TRCREE oo s a5 e s i s s S e i 35,000.00
$31. Bame A ehes con s senos orv L e B iR e e e s 50,002.00

elel=ll=l=l=l=l=l=l=l=l=l=l=l=l=l=l=l=l=l=lvl=l=i=l=l=l=i=R=,
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Achromatic Objectives, Grade B

D 440—-452

Mounted in cell. These objectives are similar to those of Grade A, ex-
cept that they are not figured to as high a degree of precision.  They are
suitable for use in small astronomical telescopes for use of schools or ama
teurs, in spectroscopes of medium power, cte,

D 440. Achrnmatlc Oh_]r.:ctwc. Grade B, | inch clear aperture, in

D 441. Samc,l! S S S 6.00
D 442. Same.l'_.:mtu- 7.25
D443 Bame 13 Mehen. . . .. cs s SRR 8.75
D444, Same, 2 iNches. ... .viinmrnnnernain s 12.00
D 445. Same, 20 IMCheS oot i e e 17.00
D ARE: BAME, 215 TICIOE i v e s o e M ) e SR | S 22.50
D 447. Same, 235 INChes s sme s e mediaie o i e e e e 30.00
D4R Bame: 3 inches e s s e e SR SR 38.00
D #40. Bame 305 nehes s sosiimiirEii e TR e ST 58.00
1450 SaAMe. F MBS, . . cocr o o eimim b e e e AT dae 81.00
D 451, Same, 404 0 e . 0 oo e e e e 110.00
o T ———————— 150.00

Achromatic Objectives, Grade C

| .
\\\\\\\\\ \,\‘—:—_——,
111

11T

D 460-464

Mounted in cell. For low-power telescopes, reading telescopes, ete,

D 460. Achrnn‘atlc Objective, Grade C, | inch clear aperture, in

D 461. Same,llj:im*hw-x......._............,...,..,............ 4.75
D 462 Bame, 108 Inches: Jrsasuiisd e D5 s ueiEnes s e e 5.75
13 453 Bame 155 Tehes.. ... o eesmpemans s SR A LSS ST 7.00
D 464, Same, 2 1005 . o o e e e e s 9.50

Objective Prisms

These prisms are for observing and phutnﬂrhl]}]nn r stellar spectra. Iiach
prism is mounted in a cell, Btting the cell of the telescopic objective, and
supplicd with adjustment for minimum deviation. The prisms are mide of
I'im; annealed light fint glass.

500. Obiective Prism, angle 3° to 77, 3 inches clear aperture, in
| e T T s LVl o . & 2 7|
301, Same 30 TneBE. . o0 enmra s G R TR R R 45.00

502, Same, 4  INChOS . L e e e e 60.00
503. Same, 415 1NCheS. ot it e e e e 75.00
SO Bamie 5  TOCIOR o ver iy e e s e s S S s 100.00
RIS  BRIE 5GBTS o s s s v e SR e 130.00
306: Bame. B  AncheSu:s oo sr i S e SRR 170.00
307 Samie B e hes . o R D S PR TR 210.00

BOB. AR IR, . o cormon oo S dtho B SR 8 A0S A B BN 250.00

wlvlvivielvivie e
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I3 500; Same;, B mchescn icomiimaaeniinmgs edanviems £ R faamemes £ 350.00
D50, ‘Surmne; B ime i v 1 s s s e S S s R 450.00
D51Y, Same 10 IHENES ... . .o oo s n b eSS S L N R 600.00
D 512, Same, 11 Inches. o ov vt iiiie e 800.00
D 513. Same, 12 inches i sivvsssvmmnss saiosme orseesmye s 1,000.00
D514 'Same 13 inches: unomes e vaisany crsnnessesnnveery by
D818 Same. T8 dnelesy i prissstesm S i Tisaiems | o0
D 516, ‘Same, 15 inches. . ... . ... sisiemsyinis sivaes asmsriase 5300400
D 517. Same, 18 inches.. oo i i et 3,C00.00
D 518. Same,Z’{]inf]:u.-n..............................,,......... 4 000.00
D 519. Same, 24 inches.......... . 6,300.00
D 530. Ohjective Prism, angle 407 to 45° 3 inches clear :l:|HTllH'L

D 531. Samc.ﬂ_‘j|m'hu-«'...._......,,..____...,.....__.___. 100.C0
D52, SAME. .  IICBEE . i sim s, o rmm s sy 6 e e e e 135.00
D 533. Samc,4’;§ RS s iy A A S W 9 SR e 170.00
D534 'Same. 5 Inches: il s eeamian SR e e e e 225.00
D R3S, NameE SUAInChes. - i e s sl R G S SRR 290.00
D 536. Same, 6  INCHES . v\t ve e i et e e e 380.00
s o A T I e 475.00

Plane Parallel Plates

\We list four grades of these plates ranging in accuracy from one-twentieth
to one wave-length. Plates of Grade B (1/10 w. 1) are suitable for prac-
tically 1|=I] interferometer worlk: those of Grade A (1/20 w. 1) are intended
for use in the interferometers of Lummer and of Fabry and Ferot. {-}TLI(IL
D plates (1 w. L) answer many optical purposes, while plates of Grade
(14 w. 1) are suited to all telescopic and spectroscopic work in which thc
hest definition of the image must be sccured. (See p. 4 on the accuracy re-
quired of optical surfaces.) The thickness of these parallel plates is from
one-cighth to one-tenth of the diameter. Thin plates, and plate of specified
thickness, are supplied at higher prices.

Plane Parallel Plates, Grade A

T T

D 600-604

These plates are made of the best finc-annealed optical glass, and are
plane Lm] parallel to within one-twenticth wave-length (17860000 inch), ex-

cept at the extreme edges.
D 600. Plane Parallel Plate, Grade A, 2 inches in diameter, true to

1720 wave-length (1/860000 inch) .. iievivivivwnivees $20.00
D:601; Same. 206 dnelesis i v e eminsi B i S 30.00
D02, Same. 3 ANCHes . .. e eesmi S e T 40.00
D 603. Same, 304 iNches. .ot iiee ittt e 50.00
DB0S Same 4  ICHEE o u i e e m s S e s e i 60.00

Plane Parallel Plates, Grade B

iR I

D 610-616

These plates are made of the best fine-annealed optical glass, and are
plane and parallel to within one-tenth wave-length (1/430000 inch), except
at the extreme edges.
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D 610. Plane Parallel Plate, Grade B, 2 inches in diameter, true to
one-tenth wave-length (1/430000 inch) .. .............. $14.00
D 611. Same, 214 inchesS. . v vrer i i 20.00
5 1 b T T S R —— 26.00
D 613 Same, 304 IN0HES vy amenend vmmbm s £ mm e g 33.00
D614 8Same 4 Incles i i e s e e 40.00
D615 Same. 5  nchessoopirrnn e tuetie S e e e s 62.00
DEIB. SBame 6§ ICHEs. . . ceeidie sy e SR R s e 88.00

Plane Parallel Plates, Grade C

[ T

D 620-628

These plates are made of the best optical glass. They arc plane to
within one-fourth wave-length (17172000 inch) except at the extreme edges,
and parallel to within 10 seconds of arc.

w)

wivlwlviviwiwle)

620.

621.
622.
623.
624.
625.
626.
627.
628.

Plane Paraliel Plate, Grade C, 2 inches in diameter, true to

4 wave-length (17172000 inch). ..o, $ 10.00
Same, 215 IMChes. oo e 14.00
REMIE: T3 THENEE oo s i R ks S s s e et 18.00
NAMIE LG TS s i e e o e A 24.00
SAME A Inehes e R R R 30.00
I B T . o b o i i et e B worm st B e o R 46.00
Same, 6 INCHCS . . e e e e 66.00
SaAME, 7 IO S . et it i e e e e e 90.00
SRS  IICREE amms i sm ws n  SE EEE 140.00

Plane Parallel Plates, Grade D

TERIRe . -
Nl FTTTIm
| | '. |
[ | | 11

|
il it

D 630-638

These plates are made of well-annealed optical glass. They are plane

._.
S

dlC.

O=,

wislvlelolvlole

630.

631.
632.
633.
634.
635.
636.
637.
638.

within one wave-length (1/43000 inch), and parallel to within 30 seconds

Plane Parallel Plate, Grade D, 2 inches in diameter, true

to one wave-length (1/43000 inch).................. $ 8.00
BRI, 2L A RE a5 50 5000w vt e ot o e e o e 11.00
Same, 3 INCheS. ... e 15.00
Same, 302 INCheS. ..ot i i e 19.00
oy 1 —— 24.00
SR S FHCHER i R R R DS 37.00
DAME: 5 e TR A SR e 54.C0
T Ty - I 1 R A 76.00
Same, B  inches...... 110.00

Right Angled Reflecting Prisms

D 650-669 D 670-683

i S
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We list these prisms with both round and rectangular faces, and in three
grades.  All are made of fine-annealed optical crown glass, with angles of

i 90)°, 45° and 45°.
90 Reflecting Prisms, Grade A

Reflecting prisms of Grade A have faces worked to an accuracy of one-
cighth wave-length (1/344000 inch), the angles are true to within 30 seconds
r of are, and the prisms are sensibly free from pyramidal errors.

1. Square Face

D 650. Reflecting Prism, Square Faces, Grade A, !4 inch height

and cdge, faces accurate to one-eighth wave-length

CEZ344000 TociE). o oo s S s e o i S B s ¢ 5.00
B5l. Sami, 3716 TR ... ...0 o ST SR IR R 4.00
652. Same, ¥4 inch. .. ..o 3.00
653. Same, 34 MNchsiissonssonavmar e s e s sy 3.00
654: Same; V5 Inel . vviesanmmmemesnemm i summmai i s 3.50
655. Same, e s S e R R R e R 4.00
656. Same, IR . T T R S R N R TS 5.50
657. Same, B e R R R L T 7.00
658. Same, 1 1nCh. . ot e e 8.50
B50. St 1] IAEHES L i e sieim s s s, S sy 11.00
560. Same, 154 inches:ccianconvsse ioanss camming e va e e 15.00
661. Same. 134 TneRes s i s s S e S s 19.00
852 Same. 2 ANCRES.. . ... .. i PR S 24.00
663. Same, 214 INChes. v v ir i i 30.00
fEd  Bare 250 T0eBeR. s s s st o 37.50
665. Same, 234 inches. couicimvisnmaseonmss e s rnmsns s srss s 54.00
666, ‘Same. 3 Inches s sty o s e e R 72.00
BET. Same. 334 uches. i e e e R A 178.00
668, Same, 4 inches. ..o .uennnr vy e L 214.00
669. Same, 474 INches. ooy i e 312.00

2. Round Face

670. Reflecting Prism, Round Faces, Grade A, faces 3 inch in

diameter, accurate to one-eight wave-length (1344000

SACHY . 5 e e R R D S R E e $ 5.00
[ D7, . ST 1] 1 AR g o e 6.50
672, Same, | inCh. . ..ttt e e 7.50
873 SameE: 1V THCIEE oo sysmme e s o s s s eas 10.00
674 Same. 114 intheS oo copanaamusim i v 13.50
675 Samie 138 Tnches o oo o e e TR e 17.50
616, SRME PICHEE. . . 0w s A A SRR R S 22.00
677. Same, 214 IMCheS. oot i e e e 27.00
678, ‘SAMe, ZV4 INCHES. vcowmmummimensmms g b e wssine s s, 34.00
670 Same; 238 INCHER o s mm e s e e & 8 S 49.00
BHO:: Samme: 3 Mchesuuosms sonmr s o s SRR 66.00
881 Sarhe 338 J0ehes . e e R D SR SRR 98.00
BB2. Same. 4 INches ., .o e e s s bk e sl 194.00
683. Same, 414 INCICS. ottt e 285.00

Ll I | N
b S N l\.“

wlvlelelvlvlelvlelviclolvivielojolole

o
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{ D 690709 D 710-731
90 R.eflecting Prisms, Grade B

A Reflecting prism of Grade B have faces worked to an accuracy of one-
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fourth wave-length (1/172000 inch); the angles are true to within 2 minutes
of arc, and the prisms arc sensibly free from pyramidal errors.

1. Square Face

D 690. Reflecting Prism, Square Face, Grade B, accurate to onc-
fourth wave-length (1/172000 inch), !4 inch height and
EARE o nssiissn vs v0 ML EE R IR S e oo B
D 691. Same, 3/16 inch. . ...oovvruuiiar i
D692, Same, "4 inchi. ... i
D 693. Same, 3§ INCH. .. vttt e
D 604, Same, 14 Mchu. coosmssmsmmsnans ssmeses v o qswssiae e s 0 2.75
D 695. Same, 5§ inCh......voiivmmnnrrrriinrrarra et 3.00
D 696, Same. 34 Inch. unss e o snmsresmeinn s S Sasmm e s 4,25
607. Same, 74 inchzcoivoes ssssaums vimasrere s D8 essamny s s 5.25
698. Same, 1 inch i oo Sinsi s SHERTRE s SE 8w S re 6.50
699. Same, 114 inches. . ... .obvsvoiiieviaiie sovises b sr e 8.25
700. Same, 174 inches. . ... ..ot ieiiiiniiiiiiveeiiiiansisnas 11.50
701. Same, 134 inches....... ... ..... 14.50
702. Same, 2 incheS. vt i i e 18.50
Same, 214 INCHES. oo e et 23.00
04, Same. 204 TCHES . v v wvsvmimn en vepmammys Ly e ks 28.00
705. Same, 234 inches. .. ..cciiniuerriisniionsrariiaeaan. : 42.00
706. Same. 3 inches .. ;. oiviiavas copeemai s 55.00
707. Same, 334 inches. ... .ol i iiiiiiii i i e s 83.00
708, Bame 4 iches, o eiiossmenie DsiEEEG TG Dl e s 162.00
709. Same, 414 inches. ... ..oiiieisiiemaiia s b vomes 240.00

2. Round Face

720. Reflecting Prism, Round Face, Grade B, faces 1 inch diam-

eter, true to one-fourth wave-length (1/172000 inch).. $ 575
721. Same, 114 inChes. ov e v vnn e 7.50
792, Bame. 114 ches: oo i somes sy nmmmmnmr o o nes s e 10.50
723. Same, 134 inches. .. civivenviirvrmnrssensrsneeosearss s 13.00
724, Same, 2inChes. .. ..ottt et 16.75
725. Same, 214 inches. ....ooiiiuiiivmriiieiiriiesss s aianssan 21.00
726, Same, 214 inches, .. i cama e i si aseas B sasaiion 25.50
127. Same, 234 Inches, .. ...iiedioismen b i s e 36.50
728. Same, 3 INCHES. . .ot 50.00
720. Same, 315 iNCHeS. . oove et i 75.00
730. Same, 4 inches. .. oot 148.00
731. Same; 414 MNCRCS v vnvmmnine cupmmapa s snnrnaas e o 215.00

N LA
RN O
Lo

slelelvlelvivlvivloiclole
e
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90 Reflecting Prisms, Grade C
e

D 740-739 P D 770-779 )
Reflecting prisms of Grade C have faces worked to an accuracy ol one
wave-length (1/43000 inch), and angles true to within 5 minutes of arc.

1. Square Face

D 740. Reflecting Prism, Square Faces, Grade C, %-inch face and
edge, accurate to one wave-length (1/43000 inch)...... % 2.50

D 741. Same, 3/16inch. .......coiiviiiiiiiiaiiie s iiiesn ey

D 742. Same, 14 inch.........coihmennniaiiiiiinin e 2.00

D 743. Same, 34 inch. .. ..cooviirrnrii it 2.00

D 744. Same, 14 Inch. ... covvriiiiiie i 2.00
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Py
1O

DT85, |Sarmie S Ame s e e e e s R R e 2.25
DiTA6. BamE. 38 Inehs . sia s SR R R 3.00
DAY, SEE, 28 AN, . enoninrismmim e b5 5 b A S SRR A e RS 3.85
D 748. Same, 1 1nch. ..ottt o e e 4.75
D 749. Same, 1% Inches. v vanine vvens 6.00
B750: Bame. 138 inehesc cosnimus s mvmines Suuanmeim i s 8.25
D 751:; Bame, 134 Inches oo oo s s i s s s 2 10.50
752, Same, ZaNCHeS .. ... ..¢si o sl a0 PR LR R i
D 753. Same, 214 Inches. . ..ottt et 16.00
o st T 20.00
D 755. Same. 2348 I0Ches o ensmio e o6 s amsaie o m ey 31.00
D 756, Same: Dinches s cormms s au iy S s e e s S 39.00
D787, Same 3535 inchesi s uasos il Ui s Sl S 60.00
D 758, Same, § NChEE. . o vrnanmine oo e e bR Vi 118.00
D 759. Same, 414 inches. oot o i 180.00
1. Round Face

D 770. Reflecting Prism, Round Faces, Grade C, faces 114 inches

in diameter, true to one wave-length (1/43000 inch)... §& 7.50
D7), Same 13 anches. . . . . .. eesseives SEReE sARBUTE e 9.75
D 772. Same, 2inches. ... ..ot irreiriianiaaaasas 12.00
B Qi e T T AT L 1 <L 1 SO T 15.00
D 704 Same. 255 In0HeR. x nopmnm s S e S e SRR 18.75
D 778 Bame. Z34 mches. isisrrmmransy omimmi @i auielis o 27.00
DR T060 Bame 3 anehen . o e e e i s R e A 36.00
D277, Bame. 33 A0CHEE. ..ovornorwonnm e mommm s 4 % 6 e s AR 54.00
D 778. Same, 4 inCheS. . o0 it e e e e 105.00
D 770. Bamie 408 IMEHER ki s wims on i i e e s s e 150.00

60° E.xtra Dense Flint Glass Prisms

These prisms are intended for spectroscopic use. They are made of fine-
annealed, extra-dense flint glass of refractive index about 1.65 for the D line,
and are polished on two faces. Three grades are listed, differing only in the
accuracy to which the faces are worked.

Spectroscope Prisms, Grade A

D 800-813 D 820-833

These prisms are supplied either with round or square faces, and are
worked to an accuracy of one-eighth wave-length (1/344000 inch).

1. Square Face
D 800. Spectroscopic 60° Prism of Extra Dense Flint Glass,
Grade A, height and edge 34 inch, with two square
polished faces accurate to one-eighth wave-length

(L3000 Ine R e s mmism e e e e e P 3.25
I H01. Seme T Ao s R S T AR S S TR 4.25
D 802, SamME, 1 I10H . . o ce v o reeimncn s e emme s e imie o6 55 o 0m o 35 o8 5.00
D 803. Same, 114 inches. ...ttt it i 6.50
D 804 Baife. 130 IHCRER oo s e s e 5 e e A 9.00
D BD5. Bame, 134 mches. oo sovmmanrmenayosmne e misaey eures 11.25

D BDG Bame. 2 inches: sy sy er sl b Rirdseus s s e sy 14.50
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D Q0 SEme 20 e s s veivapsi e s s R Sy 18.00
B 808, Same; 234 incles oo siisan asinnuens o s iEe s 22.50
D 809. Bame, 237 mohes v crveraunis seee s ol Py fuivre 32.50
B BID: SR 0o hes e s e e e R T s e e i 43.00
D BIl. Dame, 314 TCHEE. o vvs st m smn ommmmme oo s ge oo s 65.00
D 812, Same, 4 Inches. .. ... e 125.00
D 813, Same, 414 inches. ot e e e e e e 180.00

2. Round Face

D 820. Spectroscopic 60° Prism of Extra Dense Flint Glass,
Grade A, height and edge 35 inch, with two round
polished faces accurate to one-eighth wave-length

CLLAARI0 ICH) wvusmmsmsr s S R $ 3.00
13821 -BEME; T8 INEN e p R S T Y 4.00
D822 Bame 1 el o s s s i s e e s 4,50
D823 Bame, 1V Iches i i iins sri dinii o e e o 6.00
D B24. Same, 112 inches. .. ...ttt e e 8.00
D 825. Same, 134 inches. .. ... ...ttt 10.00
D 826. Same, 2 inches. ...ttt e 13.00
By M T I 16.00
D 828, BAme. 216 MEes. . oo s s s S e 20.00
1) 829, Bame, 234 INCHes. s s s e s S S 30.00

B B30 By IR e e R R R R e e 40.00
D 831 Bame; B I OB o s s e e ae sese s e e e rrs e e e 60.00
D 832, Same, 4 inches. . ... o e e 110.00
D 833. Same, 41 inches. . cvuu it 160.00

Spectroscope Prisms, Grade B

D 841-853 D B60-873

These prisms are supplied either with round or square faces, and are
worked to an accuracy of one-fourth wave-length (17172000 inch).

1. Square Face

D 840. Spectroscopic 60° Prism of Extra Dense Flint Glass, Grade
B, height and edge 34 inch, with two square ]:uI:ahul
faces accurate to one-fourth wave-length (1/172000

e ¢ 7 B N o R $ 2.75
D 841. Same, 76 Inchi. .. .. ..o 3.50
D B42. Same, 1 inchi. ... .. 4.00
L u B VR e ——— 5.25
5 B BAME, 1 iCHES . e s o s S T A L S 7.25
1) BAS: DM 135 INCIES v i as s o R S e 9.00
D BAG, BRmE, 2 s i i s e e e e e 11.50
D B47. Same, 214 inches. ....oivriiit it ot e e 14.50
D B48. Same, 214 inches. .. ...t in e 18.00
D 849. Same, 234 inches. .. ...t 26.00
D 850. Same, 3 inches. ...t 35.00

e I T T ey S —— 54.00
B BAZ B B IMCRES . o somims s s S e e RS 100.00
B 833 [eme, 430 Iehes v s ms s S R e L 145.00
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2. Round Face
D 860. Spectroscopic 60° Prism of Extra Dense Flint Glass, Grade
B, height and edge 34 inch, with two round polished
surfaces accurate to one-fourth wave-length (1/172000

T L R S S e PR 1 $ 2.50
D 861, Same, 78 nch. coovuiis aum v ee e v g e e e 3.25
D 862. Same, Linch.......c.iiiineiivinisannsvsninvsssumunyssss 3.75
D 863. Same, 114 inches. .. ...ooouriinein i iaiinnannges 4.75
D 864 Same, 1142 INCHES ..o mysmmr s semnsp s s 6.50
D B65 Same, 134 inches. .. iisuvivmveompssmmens e mmesnssssses o 7.00
D 866. Same, 2inches......cciiiiiaiivnniinansorrasnnsrnnsesos 10.00
D 867. Same, 214 Inches. .. ...ccicuinueiniiomee s vaoass v 13.00
D 868. Same, 214 INChes. .o ovunie i irnr e eananan e 17.25
D 870. Same, 3 1NChes i uviicenionninssrsssmsersssssscsosiaseis 31.50
D 871. Same, 314 inches. .. ....oviinrriiiaiinii i 50.00
D 872. Same, 4 inches........c.oiiiiveseiniinssinassncssnrens s 90.00
D B73. Same, 414 inches....iiivivvinnansssntrsssnarrerenenroses 130.00

Spectroscope Prisms, Grade C

/]

D 880884

These prisms are intended for ordinary school work. They are made
only in small sizes, and with two square polished faces accurate to one wave-
length (1/43000 inch).

D 880. Extra Dense Flint Glass 60° Prism, Grade C, 34 inch
height and edge, with two square polished faces accu-

rate to one wave-length (1743000 inch) ................ $2.50
D 881. Same, 76 inch.ciciisivumines soms snwsmansn s smyssen s 3.00
D 882. Same, ]l inch.....coiiveiiniiieicaiivisssnssniasssrsvesn 3.25
D 883, Same, 114 inches........ovveinraaisicainntnaniianaanns 4.00
D 884 Same, 114 inches....covvvririnenraaenrrosnssssasarsanass 5.50

F.xtra Dense Flint Glass Half Prisms

DH 810

These prisms have angles of 30°, 60° and 90°. They are made in Grades
A and B at the same prices as the 60° prisms of corresponding grade, and
are designated by the same catalogue numbers, but the prefix D is followed
by an H. Thus DH 810 denotes a 3-inch extra-dense flint half-prism.

Prisms of any angle less than 60° are supplied at the prices of the 60°
prisms, but an extra charge of 50 per cent. is made in cases where the angle
must be exact to within 10 seconds of arc.
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Prisms of Crown, Light Flint and Densest
Flint Glasses

Crown glass and light flint glass prisms are supplicd at the prices of
dense flint glass prisms. For prisms of densest tlint glass an extra charge
15 made on account of the higher cost of the glass and the greater difticnlty
i working ir,

Set of Eight 60° Prisms to Illustrate Properties
of Various Optical Glasses

These prisms are made either of Grade A or Grade B in one-inch size
only, and are sold only in sets at the prices given below, The prisms are
mide of the following Jena glasses:

n=Ref. Index Dispersion n-=1

Jena No. Name for D line CtoF An
() 802 Boro silicate Crown 4497 00077 tid 4
0y A3 f]rr‘lil‘ml'}' silicate Crown 2 518 0.0088 AU
O 3775 Densest baryta Crown 1612 00110 T
O 3419 Telescope flint of low
dispersive power L.olo AREIHE SENL
() H64 Ordinary light flint 1.574 10,0139 41.4
O 93 Ordinary fint 1.625 0.0174 35.8
0 102 Dense fint 1.t 0.o142 N
0 198 Densest flint 1.778 ().02094 26,5

D 890. Set of Eight 60 Prisms of various glasses as above, 1-inch
face, Grade A 5
D 891. Same,ﬂrmlvE...,........_,,,,...,,.,.,.......,........ 37.50

Achromatic Prism

D 895

This consists of a 14-inch crown glass 60° prism of Grade B, com-
bined with a flint glass prism of proper angle to secure achromatism. The
prisms may be used singly or in combination.

D 895. Achromatic Prism, 114-inch, Grade B........oourernrn... $10.00

Constant Deviation Prisms

D 900-902

These constant deviation prisms are used in cases where it is desirable
to have both the telescope and collimator of the spectroscope fixed, and to
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run through the spectrum by turning the prism. This prism may be con-
<idered as a combination of two 30° prisms and one 90° prism. It will be
seen from the illustration that it is equivalent to one €07 prism i its dis-
persive power but that, with the telescope and collimator hixed at right
wmgles to each other, any part of the spectrum may be brought into view
by rotating the prism, and that the portion of the spectrum in the middle
of the tield 1s seen at minimum deviation.

These prisms are ordinarily made in one piece; but the large sizes are
built up in three pieces when extra dense glass is nsed, the reflecting element
heing then made of a nonabsorptive crown glass.

D 900. Constant Deviation Prism, Dense FFlint Glass, 1 inch. ... .. $18.50
D o0l. Same. 11 INCReS ey emss someenammmmemames s e« s 24.00
N G02: Bame. 114 inehes s uvnoius i ms s s eamaen = e 5 smsas 33.00

Wedge Prisms

-

_V
D 920-925
These prisms are useful in many cases for diverting a portion of a beam
of light. They are made of crown glass with ordinary polished surfaces,
and are about 134 inches square.
D 920. Wedge Prism, about 13§ inches square, 2° angle.......... $1.00

D921, Same. 47 angle i e e s S s e 1.25
D 922. Same, 6° angle.....coviemr ittt e 1.25
D 023, Same, BUANRIE e s s e eSS e e 1.50
D 924; Bame, 10° angle s e s s s sey e mwie s 1.50
D 925, Same. 122 angles oo e s i s e e 1.75

Student’s Prisms

D 927-928

These prisms are for use in tracing the path of light by the “pin
method” in the elementary laboratory. The prisms are about 3 inches on
the edge, 34 inch thick, and are polished on three faces and one base, the
other base being fine ground.

D 927. Student’s Prism made of good plate glass................ $1.25

D 928. Same, made of optical crown glass....................... 2.50
Direct Vision Prisms

A

D 930—-934 D 940-944

D 930. Direct Vision Triple Prism, 10 mm. on the side............ $ 7.50
D 931 Same: 15 mirt, STe: oo v asm i me e W s e i 10.50
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D 032 Bame 20 mm: SUe o sy s e i s e s e e s 14.50
D 933 SBame, 25 mmostde oo s v o heen e e e S 19.00
D:G34: Same: 30 mmy osrdeass i D v S R R 24.00
D 940. Direct Vision Quintuple Prism, 10 mm. on the side....... 10.50
D 941. Same, 15 mim. Side. ... oo e e 16.00
D 942, Same, 20 mm. Side. .. .ottt e e 24.00
D 943, Same, 25 mm. side. oo e 32.00
T T s L L — 40.00
Rutherford’s Compound Prisms
D 950-953
D 950. Rutherford Prism, 30 mm. eflg:. AP [ )
D 951. Same, 40 mm. edge. . .. ... e e 28.00
D 952, Same, 50 mm. edge. ..o vttt it i 48.00
D 953. Samc, OO0 TR BOEC . s o s i A 500 BT 80.00

Abbe Reflecting Prisms

D 960—-961

These consist of two right-angled prisms cemented together on the slant
faces. One of these faces i1s silvered except for a small spot at the centre.
The eve, looking through the prism, sees the direct and the reflected images
superposed. Used as a camera-lucida, etc.

D 960. Abbe Reflecting Prism, 6.5 mm. on the edge.............. $2.75
D 861, Same, 9.5 mim e oo v v s s onmor tinntosassossesassssensss 3.75

Brace Spectrophotometer Prisms

D 970

The Brace prism consists of two 30° prisms, cemented together (usually
with Canada balsam) and part silvered on one of the two abutting faces.
D 970. Brace Prisms, pair 30x60 mm., balsam cemented.......... $22.50

Hollow Prisms, 60° Angle, Grade A

These prisms are made from a solid block of glass, bored and optically
faced. The cover plates are plane parallel and are attached by pressure to
the polished faces of the prism after the contacting surfaces have been
thoroughly cleaned. The cover plates are readily detached by quickly heat-
ing the outer surfaces.
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D 980—-981
D 980. Hollow Prism, Grade A, 34-inch bore..................n. $25.00
D 981. Same, 1-inch DOIe. i uervisrsmmmsrssrnssrrmnsnsserssneenses 32.00
Hollow Prisms, Grade B
/N

D 985

These are of similar construction to the Grade A prisms, except that the
cover plates are made of a good grade of mirror glass, and the prism faces
are not polished. The cover plates are held in place by rubber bands. These
prisms are very satisfactory for student’s work.

D 985. Hollow Prism, Grade B, 34-inch bore.................... $5.50
Prices of larger sizes on application.

Hollow Prisms, Grade C

D 990-991

These prisms are made of the best mirror glass, the pieces being fused
together by meuns of an enamel which resists all ordinary reagents. These
prisms are suited for use as bisulphide prisms in lantern work, etc.

D 990. Hollow Prism, Grade C, 23§ inches high, 23§ inches wide $5.25
D 991. Same, 4 inches high, 314 inches wide................... 8.00

Trough Prisms
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These are made of picces of mirror glass fused together with resistant
enamel. Each compartment is 2 inches long and 2 inches on the side,
These trough prisms are useful for showing refraction and dispersion of
liquids in the lantern, with horizontal slit.

D 995. Trough Prism, 3 compartments............oooveirnnnns 6.50

Wedge Shaped Absorption Troughs

D 988 D 1000

These troughs are made of picces of mirror glass fused together with
a resistant enamel. Being wedge-shaped, and supplied in pairs, they enable
one to secure a layer of liquid of variable thickness in absorption cxperi-
ments.

D 998. Wedge Shaped Absorption Troughs, per pair, 6x2 inches 8.00
D 1000. Wedge Shaped Troughs for Colorimeters, 6ix1!2 inches,
R S e R R R R T R R R 5.00

Spectroscopic Absorption Cells

D 1002—-1004 D 1006—1008 D1010—-1012 D 1014—-1015

These cells are of glass, faced with pieces of the best mirror glass fused
on with a resistant enamel.

D 1002. Absorption Cell, U-Shaped, 114x34 inches, 3§ inch thick.. 1.25
D 1004. Same, 4x314x3/16 inches. ..o iiiiinernneniiinsiranaens 2.00
D 1006. Absorption Cell with Circular Cavity, 2x5/32 inches...... 1.50
D 1007. Same, 314x5/32 inches ........ ooiiiiiviiiii i e 2.50
D 1008. Same, 4x5/32 inches.......ccoveviiiniosiniosuvaiaeiseis 3.00
D 1010. Absorption Cell with Circular Cavity and Stopper, Zxig§

TINEUIRPSE s i o A T i o st 3.50
D 1011, Same; 3Mgx3f inches. . coovinimesnm s e swmm v e s 4,25
D012 Sarme - ANI8 Tnelies s i o s se s s s sm e e 5.00
D 1014. Rectangular Absorption Cell with Cover, 314x2x34 inches 1.25
D 1015. Same, 4x234x34 inches. . ..ot i 1.75

D 1016—-1018 D 1020—-1021
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Cubical Glass Box with Cover, 1'2x11x1%: inches.. .. .. 1.25
Same, 234x234x23 inches..ovviininerasrarirrsr o 1.50
Same, 4x4x4 inches.. .. 5.00
Cubical Glass Box with Dmgonai Parutmn. Inrm].np; t-nn

prisms, 1V4x1Vax134 inches.. ... ..o iiiiiiinnn 3.50
Same, 234x234x234 IERE . oo R 4.00

, /]
{ ]\* 'f

ﬁﬂihif"ﬁlﬁi' i i k: &

y \
p

D 1023-1025 D 1027 D 1030 D 1031 D 1033-1034
D 1023. Rectangular Glass Box with Cover, 4x4xig inches...... 1.50
D 1024. Same, 4xdxlig inches ... iiiiiiiiiiiiiaiiiienn 2.25
D 1025. Same, 4x2x2 inches ... iiouisiveversissnnssrsrnenonns 1.75
D 1027. Rectangular Glass Trough, without cover, 6x2x1%4 inches 2.00
D 1030. Double Convex Hollow Lens, 4 inches in diameter, with

hole for filling .. ..oviiiiiiiiiinaireronnnnnsnsnes 3.50
D 1031. Plano Convex Hollow Lens, 4 inches in diameter, with
) hole for filling ......... T 3.50
D 1033. Hollow Half Cylinder, mth one ground '-rll.'_’[{‘ .l.ml Imlc fm

filling, for experiments on refr: wetion in liquids, 1%4

eHES QIADIEEET & v veeeve o ammmce sbssnassstossssisein 4.25
D 1034. Same, 314 inches diameter, e ; - 8.00
D 1907. Glass Discs for Observatmn Tubca, nf L‘rul w hm_ gl 15=

free from strain, usual size 15 mm,, each............ .10

Fresnel’s Biprisms
L/
D 1050-1052

D 1050. Fresnel's Biprism, 1'4x1%4 inches, unmounted., ... .o $5.00
D 1051. Same, 114x2inches.. ..civriaervvrcenarrranssnasareanne. 6.00
D 1052. Same, 2x214 inches. ... ... covviiiii i 9.50
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Plates for Newton’s Rings

This apparatus consists of two glass plates polished on both sides. One
side of one of the plates is a true plane, corrected to one-tenth wave-length
(1/430000 inch). The second plate has one face convex by about 20 fringes,
The Newton's rings given by these plates are quite truly circular, so that
accurate measurements can be made with them.

D 1060. Newton's Rings Plates, 1 inch in diameter, the pair...... $ 8.00
D 1061. Same, 115 inches. . ooonn i 9.00
D 1062. Same, 2 inches........ 11.00
D 1063. Same, 3 inches....... 21.00

Interferometer Plates

[j
%
%
%
\
*
N
"
b

b

W

b

D 1070—-1073

These plates are used in Michelson interferometers. Each set consists

of two silvered mirrors worked true to one-tenth wave-length (1/430000

inch), and two plane parallel plates accurate to within the same limit of

error. Plates and mirrors accurate to one-twentieth wave-length can be

supplied at an advance of fifty per cent. on prices given below,

D 1070. Set of Interferometer Plates, consisting of two plane par-

allel plates 54x74 inches, and two mirrors $x35§ inches $ 8.25

D 1071. Same, with plates 34x13/16 inches, and mirrors I x4 ,

13.75

e 171 TR P s st it
D 1072. Same, with plates 1x19/16 inches, and mirrors 1xl1 inches 16.50

D 1073. Same, with plates 1%4x23% inches, and mirrors 114x1}4
T e 38.50

Michelson Echelon Gratings

These echelons are substantially mounted by clamping the plates in a
special frame which enables the echelon to be used with the edges of the
plates either vertical or horizontal. The plates are cut from plane parallel
discs about 10 mm. thick. The width of the step is made 1 mm. in all sizes,
and the height of the plates is such as to give a square aperture the length
of whose edge in millimetres is equal to the number of plates in the echelon.
Echelons cut from discs 15 mm. thick are supplied at an advance of 30 per
cent.: the extra charge for plates 20 mm. thick is 60 per cent.

D 1100. Michelson Echelson Grating, 10 plates, each about 10
mm. thick, aperature 10 mm. square, resolving power
about 100,000 lines, mounted so that the echelon can be
used with edges vertical or horizontal.............. $ 65.00
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wJoese) [l
n 1T S ) ke
2T B e——————
Vsy U =
D 1101
D 1101. Same, 20 plates, 20 mm. aperture, resolving power about
00,000 TEies oo as s e e R A 140.00
D 1102. Same, 30 plates, 30 mm. aperture, resolving power about
SO0 VEEES cvsgcios wommmae o im o a mam cm e oot w0 b 275.00
D 1103. Same, 40 plates, 40 mm. aperture, resolving power about
200 00 Ties s s i RSl S e e e e TR R e 600.00

Lummer Plates

These are strips of accurately plane-parallel glass 10 mm. thick. One
of these plates used with any spectroscope of suitable size forms the pow-
erful spectroscopic combination described by Lummer and Gehrcke. Com-
plete instruments will be quoted on application.

D 1110, Lummer Plate, 100 mm. long, 30 mm. high, and 10 mm.

e O S o2y e f e e ST $ 50.00
D 1111. Same, 200x35x10 MM......ininniirenrernrnrnnnaeeeas 125.00
D 1112, Same; 300x40x10 MM. coivvirverssonnnssssssvsvsnssrvas 200.00

Evepieces for Telescopes

== — _—l-f:'l ;

r ////”

TR

D 1253 D 1273

The shorter foeal lengths have mounts of our standard size, 114 inches
in diameter. Eyepieces of focal lengths above 114 inches must generally
be supplied with special adapters.

Huygenian Eyepieces for Telescopes

D 1250. Huygenian Eyepiece, ¥4-inch focus...........ooivnnian.. $ 5.00
D 1251. Same, li-inch focus......ciiiiiiiiaiiineaeiinaianeses 5.00
D 1252. Same, 34-inch focus......c.oiiiiaiiiiiiiiiiiiiiiiienen - 5.00
D 1253. Same, l-inch focus. .. ..o iinrnnnriairieranrarinsnses 5.00
D 1254. Same, 114-inches focus.......covvrevrarriicnnnacnnnns 6.00
D 12585. Same, 132-inches [OCHS: o svsmammr e et s smnm s wmm s 6.00
I 1256, Same, 13i-inches foeusceom i s i i e wwg s 7.00
1) 1987 Sarne Zinches-Toous: s iasEiieaiysysessnieg 8.00
D 1258. Same, 2V5-inches focts. . oot i ine i 12.00
D 1259. ‘Same, 3-inches foCUS. «ovoramsmnssvosmenns e ap s e 20.00
Ramsden Eyepieces for Telescopes
D 1270. Ramsden Eyepiece, Y4-inch focus....................... $ 5.00
D 1271. Same, 24oinch fotus, . v enerreacamrssnseneissiios s 5.00
13 1272 Bame. 3-nell H0ens: | . e smemaon e aeons ek 5.00
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D 1273. Same 1anch Boous: s o iie i v b i mississ 5.00
D 1274. Same, 1! -inches focus. ... .. A S G Y 6.00
D 1275. Same, 114-inches focus. . ... i 6.00
P 1276 Same, 13- inches FOCUS . w o vmsimm s s s s ssamess 7.00
D 1277. Same, 2-inches focus........... 8.00
D 1278 Same. 2V-inches focus oo vssrmiomnsmien Seamis cnaasms 12.00
D 1279. Same. 3-inches S0 i ieiael vl b s s i i 20.00

Terrestrial Eyepieces for Telescopes

D 1282
Standard 1!4-inch size to fit our telescopes.
D 1280. Terrestrial Eyepiece, !2-inch focus..................... $10.00
I¥ 1281. Same aneh FOCus: i Enyd or SEs er S 10.00
D 1282. Same, l-inch focus.. ... .. .. 10.00

Ramsden Eyepieces for Spectroscopes

D 1287
These eyepieces are of the standard diameter adopted by the Contimental
makers of microscopes, viz,, 091 inches, ftting a 15/16-inch tube.

D 1285. Ramsden Eyepiece, Vi-inch focus.....oovivivnininnn.. $2.50
D 1286 Same, Da-anch ToOUS o ummsa e i s s s s s e 2.50
D1287: Bame Taimch POomiss o ol bt s i i i gy i e 2.50
D I2BB. Same, I05-iniches TOCHS . . . ovvesros s tsemmsssmns s b nom 2.50
D 1289. Same, 2-inches foCUS. . ..t e 3.00

Gauss Eyepieces for Spectroscopes

These are similar to the Ramsden eyepieces but are bored on one side
and fitted with diagonal reflectors.
D 1295. Gauss Eyepiece, l-inch focus.... ... .. ovveivvvrenssenees $5.50

Evepiece Lenses

ATIIUNNTNR Ry

D 1300-1310

These lenses are made of optical crown glass, are carefully polished,
and accurately centered.
D 1300. Plano Convex Eyepiece Lens, !4-inch diameter, -inch
FOBMEE Lo B a e e R R e $1.00
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D 1301. Same, 2/5-inch diameter, 4/5-inch focus................ 1.00
D 1302. Same, '4-inch diameter, l-inch focus....... 1.00
D 1303. Same, 34-inch diameter, 134-inches focus.............. 1.00
D 1304. Same, 3;-inch diameter, 1'-inches focus........ ... ... 1.00
D 1305. Same, l-inch diameter, 134-inches focus................ 1.00
D 1306. Same, l-inch diameter, 2-inches focus.............oo... 1.00
D 1307. Same, l-inch diameter, 2V-inches focus......... 1.00
D 1308. Same, 1!;-inches diameter, 2Vi-inches focus........... 1.00
D 1309. Same, 1'4-inches diameter, 234-inches focus............. 1.00
D 1310. Same, 1!'j-inches diameter, 3-inches focus.............. 1.00
Convex Lenses NN
—_— — m——— ——— ——
i Double Convex Lenses Plano Convex Lenses
Diam. Focus Centered | Not Centered Centered | Not Centered
Inches Inches | Cat. No. Price Cat. No. Price Cat. No Price | Cat No. Price
b ) D400 81.¢0 | D1420 30.75 D1440  20.90 | D60 30,65
! I D101 1,00 | D1421 75 | DI1441 90 | D1461 65
5 3 D1402 1.00 | 1D1422 ITh D1442 A0 | D1462 65
1 ]; D105 1.00 " D1423 Y 1443 1.00 | D1463 A0
£ ; 1404 1.00 | 1424 Lo 1444 1.00) D1464 e
4 | 1405 1.00 | D1425 ] 1445 1.0¢) | D1465 LT
2 1! 1406 1.25 | D142 .95 1446 1.10 | D1466 S0
1 1} D407 1.25 | D1427 .95 D447 1.15 | D1467 .80
| 2 D1408 1.95 | D428 05 11448 1.15 146K )]
I} a3 1409 K51 D1429 o) 11449 1.25 | D1469 =]
2 1 D1410 1.00 | D1430 NiH) D1450  1.40 | D470 1.00
2} i D411 1.5 | D1431 {5 1451 1.5 | D471 : M
3 i D1412  1.75 | D1432  1.25 D1452 2.00 | D472 1.350
1 12 721 DI413 250 | D433 2.00 |
7 1S 72, D1414 3.75 1 D1434 3.00
) 21 72| D1415  5.00 | D1435  4.00
750 72| D6 7.r0  D1436 6.00 ‘
N 0 72| DIAIT 1000 | DI437  8.00
Concave Lenses
| Double Concave Lenses Plano Concave Lenses
Diam, Focus| Centered Not Centered Centered l Not Centered
Inches Inches| Cat. No. Price | Cat. No. Price | Cat, No. Price | Cat. No. Price
de % D1480 $1.00 | D1500 $0.75 | D1520 %0.90 | D1540  $0.65
Y ! 131481 1.00) D1501 70 | D1521 0 D154l B0
5 D482  1.00 | D1502 75 | D1522 00 | D1542 6
} ) D483 1.00 | D1503 G0 | D152 1.00 | D1543 .70
3 DI484  1.00 | D1504 0| D1524 0 1.00 | DI1544 .75
A 1 D1485 1.00 | D150S 90 | D1525 1.00 | D154 70
3 1} | 1486 1.25 | D1506G 05 | D1526 1.10 | 11546 o)
! 14 | DI487T  1.25 | D1507 95 | D1327 1.15 | D1547 .80
1 2 D488 1.25 | D150S .05 | D1528 1.15 | D1548 .80
14 3 ‘ [D1489 85 | D150%9 Lol) | D1529 1.25 | D1549 8D
2 4 ( D140 1.00 1510 65 1 D1530 1.40 | D1550 1.(M)
24 D 1491 1.25 | D1511 05 | D1531 1.75 | D1551 1.25
3 H I D1492  1.75 | D15312  1.25 | D1532  2.00 | D1552  1.50
4 12-72| D1493 2.£0 | D1513 2.00
5 185-720 D1494  3.75 | D1514  3.00
6 24-72( D1495 5.00 | D1515 4.
7 30-72] D1496  T7.E50 | TIS16  6.00
8 10-72 D1497 10.00 | D1517 &
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STy Meniscus Lenses Sy

Convex Meniscus Lenses Concave Meniscus Lenses

.E‘r'mm. Focus Centered Mot Centered Centered Not Centered

Inches lm:he-si Cat. No. Price | Cat. No. Price f'_nt Mo, Price Cat. No,  Price

1 2
14 3
2 4
2k 5
3 L]
4 12
o 15
¢ 24
i 30
o 40

| D1560  $2.00 | DI570 §1 .50 | DI1580 2 00 | DI590  $1.50
[)1561 2. 25 | DI1571 1.75 | D158 205 | D159 1.75
D162 2 .50  DIAT2 200 | DIas2  2.50 Dl 2N
DISG3 300  DIST3  2.50  DIAS3  3.00 D159 2. 50
Dis6d 3.75 DIATE  3.00 D584 3.75 Dl1avd 300

72 | D1565 500 DI5T5 4. 00 0 DISS5 500 D1595 4 .00
T2 | DIa66 7.50 | DISTG 6 00 0 11586 7.50 0 DIav% 6o
72 | DI1567 10 00 0 DISTT  s.00  DIAST 1000 DIS9T 8 (0
72 | DMans 12 50 | DIATS 1000 0 Dilass 12 500 0 Iyiavs 1000
72 0 DI156Y 15.00 | DIST9 12 50 DISS9  15.00 D19 1250

Cylindrical Lenses 1 1-2 Inches Square or Round

Plano Convex | Plano Concave

l}nr:_cl'::‘ Edged Rnund_| Square Rough Edged Round | Square Rough
Cat. No. Price Cat. No. Price! Cat No. Price | Cat. No. Price

40) 180D $1.25 DIR1O 20,50 D18S20 %1.25 | DIS30 80,50
S0 11501 1.25| D1&11 Lall [D1821 1.25 | D183l a0
20 1802 1.25| D1812 S0 | DI822 1.25 | 11832 . El)
15 DIS0O3  1.25| DIs13 A0 | D1823  1.25 | DI833 a0
10 1804 1.25 ] ID1814 Lol 11524 1.25 | 11834 a0
8 [}1805 1.35 | DIK1H ;35 111825 1.35 | DIK3S il
G [M1806 1.50 | V1816 B 11826 1.50) 131846 LTih
5 DISO7 1.60| DISI7 .90 | DI1827 1.60 | DIS37 .90

Demonstration Lenses

D 1850-1852

These lenses are made up in sets for the purposc of showing the vari-
ous shapes of simple lenses and for demonstrating their optical properties.
The edges of the lenses are smooth ground.

D 1850.

D 1851.
D 1852.
D 1855.

Demonstration Lenses, set of six lenses 14 inches in
diameter, in box. The lenses are respectively double
convex, double concave, plano convex, plano concave,

meniscus convex, and meniscus conecave.............. $1.25
Same, lenses 2 inches in diameter............coovuuun... 2.50
Same, lenses 3 inches in diameter.........oovveurnnnnn. 4.50

Demonstration Lenses, set of ten lenses 114 inches in
diameter, in box. The lenses are respectively double
convex, double concave, plano convex, plano concave,
meniscus convex, meniscus concave, cylindrical con-
vex, cylindrical concave, sphero-cylindrical, and pris-
T e o Tl e ST e i 2.00
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Plano Convex Condensing Lenses

These lenses are made of selected crown glass, well annealed.  The sur-
faces are finely polished, and the edges are ground.

' Single Lens l Pair of Lenses
Diameter Focus Unmounted | Mounted
Inches Inches — -— |
Cat. No. Price Cat, No, Price
|
1 314 or Glh D 1900 $ 1.00 | D 1920 % 3.25
414 514 or Gli D 1901 1.10 1» 1921 4.00
414 514 or G4 D 1002 1.25 1 1922 4.80
5 ' Bl D 1903 1.40 D 1923 575
514 8 1) 1904 1.80 | D 1924 7.25
G |10 1 1905 2.40 D 1925 075
Gl 10 | I BTN 3.20) 1) 1926 14.50
T 12 D 1907 4.60 | D 1927 149,50
8 12 1) 1908 .00 D 1928 26.00
9 14 19049 S.00 D 1929 32.50
1) 15 [P 1910 1100 ' 1y 1930 20,00}
12 18 1y 1911 22 00 ' 1D 1941 i, (1)
] 4 2] 1912 33.00 | D 1932 0r.a0

Two Odd and Instructive Lenses

C 916 C 917

In the necessarily brief treatment of geometrical optics given in
cotirses on physics, it is customary to limit the discussion to infnitely thin
lenses and to omit all mention of the properties of cylindrical surfaces. In
practice, thickness must be taken into account in computing lens combina-
tions and there are many uses to which cylindrical lenses are put. Al-
though these matters cannot often be gone into in the limited time allotted
to lecture room work, yet the exhibition of one or two striking illustrations
of points like these, which can only be briefly touched, may serve to stimu-
late the students’ curiosity and act as an incentive to further study. The
two oddities in lenses illustrated above are offered for these purposes.
(See the Physical Review, June, 1905, pp. 384-385.)

The lens shown in Fig. C916 is designed to supply an extreme illus-
tration of the effect of thickness on the focal length of a convex lens. The
theory of thick lenses shows the focal length of a double convex lens to be

n r

= , ;
n-1 2nr-(n-1)d

where 1 is the radius of the curved faces, n is the refractive index, and d
is the thickness of the lens, The focal length is positive or negative, 1. e.,
the lens is convergent or divergent, according as d is greater or less than
2nr / (n-1). 1f d=2nr/ (n-1), the focal length is infinite. Such a lens is
neither convergent nor divergent, but gives inverted virtual images without
magnification. The thick lens of Fig. C916 satisfies this condition; al-
though its faces are sharply curved it acts like a piece of flat glass, except
that objects seen through it appear inverted. It is an interesting puzzle to
a student who has been “brought up” on thin lenses.
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The lens shown in Fig. C 917 has cylindrical surfaces, one concave and
the other convex, with axes crossed. The curvatures of the two surfaces
are <o chosen that. when the lens is held at arms’ length, one sees through
it an undistorted image of distant objects. If the lens, when thus held, 1s
rotated in its own plane, the image also rotates but with an angular ve-
locity twice as great, so that when the lens is turned through 180 degrees
the image turns a complete somersault. The image is peculiar in that it
is a purely visnal combination of two astigmatic images, one real, the other
virtual: one lving behind the lens, the other in front. The image can
neither be projected on a screen nor viewed through a telescope; it can be
se=n by the naked eye merely because of the short focus, and consequent
depth of {ocus, of the eye.

C 916 Porter's Thick BB o e A R, SRS e e s D
C 917 Porter’s Rotating Image Lens..................cc0vvvvvn.... 2.00

Observation Tubes for Polariscopes

(ilass tubes with brass end pieces and screw caps, cover glasses, and
rubber rings.
D 1900. Observation Tube, Sem. long......... .. ..o, $ 4.00
D 1901,  Same; 10 cmlong: oo smrmma e aasmm s 4.00
1902 Same: I O 5 s s o s 6., i en e R S e 4,00
D 1904. Same, 40 cm. long. ..o cv i i 4.25

Blachk Glass Mirrors

[Ffor polarisers, in mahogany frames.

D 1910. Black Glass Mirror, 10x20 cm. oo vin v vinninoensasss $ 4.00
D 1911. Same, 15x30 €1, o v vt ien i i ie e 7.00
D 1912. Same, 20x40 M. ... covviirieiiinasiaiisiisiaeres RS 12.00
Unannealed Glass Plates for Polariscopic Experiments
/ 5 1
El O{ ._& Q -
D 1920-—-1928
D 1920. Square Unannealed Plate................ocoiiiiiiiiinny $1.80
D 1922. Round Unannealed Plate. .. ...... o0 iviviiiaineaaiis 1.80
D 1924. Triangular Unannealed Plate........................... 1.80
D 1926. Hexagonal Unannealed Plate. ... ....................... 2.35
D 1928. Star-shaped Unannealed Plate.......................... 4,50

Fresnel’s Parallelepipeds

D 1930

To show the transformation of plane polarised light into circularly
polarised light, and vice versa, by reflection. Supplied only in pairs.
D 1930. Fresnel’s Parallelepipeds, per pair, unmounted.......... $11.00
D 1931. Same, per pair, mounted in brass........... . ooiiin 17.50
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Plane Galvanometer Mirrors

These mirrors are silvered on the back, and the surfaces are sufticiently
daceurate to give clean images under the magnihcations used m practice.
v, . - * : r A 5 A
I'he thickness of the mirrors 1s trom 4 to 34 mm.

D 1940. Plane Galvanometer Mirror, 3g-inch diameter......... .. $0.75
D 1941: Bame. YH-nch didnieter o wonssmmman s wsm s semars .75
D 1042, SBame S4-inch QIanIeter cuma i e s meise s 1.00
D 1943. Same, 34-inch diameter. . ioaiivoaiiiiie v vaii 1.00

Preparations of Iceland Spar

T

D 2100-2106

Nicol’s Polarising Prisms, rhomboidal section with oblique end faces.
Angular extent of the polarised field about 22°. The sizes given below are
measured across the sides of the prisms.

D 2100. Nicol's Prism, 5 mni. apertire. . .. voevns ivvie soeasis $ 225
D 2101. 8ame, 7 mim; aperbre s i o i s s e e ereiine 2.75
D 2102, Same, 8. mm. APETLULC. . . . v ov vnmivin o bl sneims sinsing e s alsesils 3.25
D 2103. Same, 10 mim. apertire. oo vn i i e oo e e e 4,25
D 2104; Same, 15 M D RTEIITC cowun o womemim s v s s s s as s s 10.00
D 2105. Same, 20'MM: ApertURS . o v s smsiann 5 s ei e 26.00
D 2106. Same; 25 mmy. aperbile s s i s e s e e 55.00
L
P
e

D 2120-2123

Nico_]'s Prisms, Rec_tangular Section with oblique end faces. Angular
extent of the polarised field about 23°,

D 2120. Rectangular Nicol Prism, 6 mm. aperture...ooovvunoonn. $ 3.25
D Z2iZ): Same. 8 mm: 3peEtOre s e oommms b e s s e 4.25
D 2122 Bame 10:mny: apertiire: s s s Sl pm e e Iy 6.50
02123, Bame 15 gpertrre. G sl s s i syl s sy d s 18.00

D 2130-2124

Thompson’s Polarising Prisms of square section with square ends.
Angular extent of polarised field about 30°. The aperture, or width of the
side, is one-third of the length.

D 2130. Thompson Polarising Prism, length 15 mm.............. $ 3.75
D 2131. Same, length 20 mmi. ... .ottt i e 6.75
5 G iy A PO e o . S ————————— 13.50
D:2133. Same - 1ength 35 T e smismison e i m i de s s 40.00

D 2134; Bame Iength 45 mmyccamvmuissmssmvsiesi dnsayas 85.00
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D 2140-2142

Ahren’s Polarising Prisms of square section with square ends. The
length is 12/3 times the aperture, and the angular extent of the polarised

field is about 32°.

D 2140. Ahren’s Prism, 10 mim. aperture. ... ....ocvicsvnavanaess $17.50

D 2141. Same, 15 mm. aperture...... 25.00

D 2142. Same, 20 M. apertire. o onveir e or vennesiannarnonneanns 60.00
Lippish Half Prisms for polariscopes.

D 2150. Lippish Half-Prism, 9 mm. edge::cown v siaeese $ 7.75

D'2151, Same, 10 mm, @@e. . . . .ccnensiaaieiseanies e e ieEia e 9.00

D 2152, Sarn: 12mm. edge. ..o i i 13.25

Double Image Prisms of Iceland Spar and glass, achromatic. Octagonal
form.

D 2160. Double Image Prism, 10 mm. aperture.................. $ 3.25
D 2161, Same, 15 Mm. aperture. . .o veorernoossoonaasrsessnssns 5.50
1 [ e T e T S —— 7.75
D 2163 Same, 25 M. ApertUTE  cous i crmime e ess s s 5 m 11.50
D 2164: ‘Same; 30 mm: aperbure. s Seesm s i Sl e i 13.50

D 2170-2183

Sixty Degree Prisms of Iceland Spar, with refracting edge parallel to
the optic axis, showing two spectra and enabling measurements to be made
of both the Drdnmrv and the extraordinary refractive indices.

D 2170. Sixty Degree Spar Prism, refracting edge parallel to the

gxis; leneth of edge 10 MO, .o cevmmmmmmmsmome s e e $ 3.75
g e T T 6.75
) 2172 Samiey 20 P Sl e s e e R R e R R S 13.50
D 2173. Same, 25 mm e e G R e R R 27.00

Sixty Degree Prisms of Iceland Spar, with re fracting edge perpendicular

to the optic axis.
D 2180. Sixty Degree Spar Prism, refracting edge perpendicular

to the-axis; length of edge 10 mmi o T iederis peweis o $ 3.75
D 2181. Same, 15mm. edge.......cconiiiiiin i 6.75
D 2182, Same, 20 mm. edge. . o0ttt e 13.50
D 2183, Same, 25 minl: S .. oo ssoimss s e s S e 27.00

TS

D 2200-2202

Biconvex Lenses of Iceland Spar, cut perpendicular to the axis. The
prices given below apply only to lenses not thicker than 5 mm.; thicker
lenses can be supplied at higher prices.

D 2200. Biconvex Spar Lens, 20 mm. diameter.................. $ 6.75
D 2201. ‘Bame; 25 mm;: diameter oo i s e s soea e s e 9.00
D 2202. Same, 30 mm. diameter......... O o e, T ST T 12.50
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D 2210-2212

Plano-convex Lenses of Iceland Spar, cut perpendicular to the asis,
and not more than 5 mm. thick.

D 2210. Plano-convex Spar Lens, 20 mm. diameter... o000, $ 6.75
D 2211. Same, 25 mn. diameter: oo di dlesia sEee i 9.00
D 2212. Same, 30 mm. ABIMETeTr. | o vs s av oy vediiew PEEei CEes 12.50

T Vil T Z B
z/_ ’

N /
—
. ,a-'/
s 2
D 2220—-2223 D 2230-2232 D 2240-2241

Rhombohedrons of Iceland Spar with six pul]w]]td cleavage [Ji;ml::-».
D 2220. Spar Rhombohedron, with six ],mhbhul faces, ul;.u 15 mm.

long ...... .. veomoaaalBh 1o e PR ; $ 4.50
D 2221. Same.;’{!mm ul;.:t. e L P A T TR D S e 6.75
D 2222, Same, 25 1. B@O oos o vmeomm s o woss e e 44 e e o 10.00
D 2223. Samc. 30 mm. edge.. .. e 16.00

Rhombohedrons of Iceland Spar, with six 1m|1~]ml cle n.um planes, and
two polished surfaces perpendicular to the axis,
D 2230. Spar Rhombohedren, with cight polished faces, edge 20

11111, ||:ll;..,..... $E.ﬂﬂ
D 2231. Same, 25 mm. ulg 11.50
D 2232. Same, 30 mm, edge.... 18.00

Rhombohedrons of Iceland Spar with ¢ S1% [:mh;hui cleav: wee planes, two
polished surfaces perpendicular to the axis, and two |:u1hhu1 surfaces

parallel to the axis.
D 2240. Spar Rhombohedron with ten polished faces, edge 25 mm.

J O oo oo is ot s S G T A s R AR T S $12.50
D 2241. Same, edge 30 mm. long. ...oovvvreiiiiiiiniiiii 19.00
Spheres of Iceland Spar.
D 2245. Spar Sphere, 20 mni. diameter, . .ooeieevnenrranesancan s $8 00
D 2246. Same, 25 mm. dIameter: oo v vm s esiee s e s em e s 17.50
D 2247: Same. 30 mm: diameter . coeee i e s s S e s e 27.50
Plates of Iceland Spar cut perpendicular to the optic axis.
D 2250. Spar Plate, cut perpendicular to the optic axis, about 10
mm. diameter by 2 mm. thick..........coviviiennn $2.00
D 2251. Same, about 3 mm. thick. ... ... ... i, 2.00
Di2252. Bame about 4 mm. tHiCk . vovvmisanmsmsmawasmse s 2.00
Miscellaneous Spar Preparations.
D 2260. Brecina Spar Plate. .....cccvavvesisismis sassaasie s $3.75
D 2261, Calderon Spar Plate. ... soiesesisarases anis s 4.50
Di2262. Dichroiscopic Maguifer .. oiaiiies ondaniameiss i 9.00

Preparations of Quartz

Slxt}r Degree Quartz Prisms with refracting edge perpendicular to the
optic axis.

D 2300. Sixty Degree Quartz Prism, refracting edge perpendicu-

lar to axis, 15 mm., edge. ... . ov i i $ 5.50
2308, SEDE Z0F DTN, SRR o nmemssreswom:mmss s s 6 s s s s e 6.75
D 2302, Same, 25 1000 BOEE uimwsovewimmin e 6w wis 66 am v s 9.00
D 2303. Same, 30 mm. edge. oo i e e e ea e e 13.00

I} 2304. Same, 35 mm: edge.ccisiivianas srinsiiis s si v e 17.00
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D 2300-2305 D 2310-2311 D 2320-2323

D 2305. Same, 40 mm. edZe. ..o iii i 22.50
Sixty Degree Quartz Prisms, with refracting edge parallel to the optic
AXIS.
D 2310. Sixty Degree Quartz Prism with refracting edge parallel
1o axis, 15 mim. edge.....cvviniiairrrrsrrrnrseacnaen $5.50
D 2311. Same, 25 mm. edg@e... ...t 9.00
Cornu Double Quartz Prisms, 60° angle, of right and left handed quartz,
giving at minimum deviation a spectrum devoid of double refraction, and
hence showing no doubling of the Frauenhofer lines.

D 2320. Cornu Double Quartz Prism, 60° angle, edge 25 mm. long $22.50
D 2321. Same, 30 mm. edge. ......iviiiirnaaaaiaiii i 30.00
D 2322. Same, 35 mm. edge....ociiiiiiariaaiiaiiaiia e 37.50
D 2323. Same, 40 mm. edge., .. .o it sieiis saan i s s e 55.00

D 2330-2332

Rochon’s Double Image Quartz Prisms.

D 2330. Rochon Prism, 15 mm. aperture...........ooivenonn. $ 7.00
D 2331 Same, 20 mm ADertUTS s v v v omsimine s mama e somms yee e 9.00
D 2332, Same, 25 MM, APeIrtUre. ... cuvevinrrrisssiassasssanass 11.50
D 2340-2342
‘Wollaston’s Double Image Quartz Prisms.
D 2340. Wollaston Prism, 15 mm. aperture. ........cooevvivnnnns $ 7.00
D 2341. Same, 20 mm. AperturC. .. .cvuverurircnrararanananansas 9.00
D 2342. Same, 25 MM, APCTEUTC .t v e ae et rcascrarc s v snns 11.50
,O,O,TOTEOOrOrSRSs ST Ry
D 2350-2354 D 2360—-2364

Riconvex and Plano-convex Lenses, cut perpendicular to the optic axis.
The minimum focal length to which the prices given below will apply is
15 cm. for biconvex lenses, and 20 cm. for plano-convex lenses; lenses of
shorter focal length, or with exactly specified focal lengths, are charged
at higher prices.

D 2350. Biconvex Quartz Lens, 30 mm. diameter................ $ 6.75
D 2351, Same, 35 mm. diameter. .......cceieiiiiirieniiiaaeains 7.75
D 2352. Same, 40 mm. diameter. ...... .. ciiitiiiiiaiii i as 9.00
D 2353. Same, 45 mm. diameter.....covcovenrrrirnnanracrannas 11.50
D 2354. Same, 50 mm. diameter. .c.iiiiievionssrsnnsssssssrrnns 16.00
D 2360. Plano-convex Quartz Lens, 30 mm. diameter............ 6.75
D 2361. Same, 35 mm. diameter..........coveiiiiiiiiiiiiaiinn 7.75
D 2362. Same, 40 mm. diameter........ ..o, 9.00

D 2363. Same, 45 mm: diameter. . «scvuwes swvmaenses e e s 11.50
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2364.
Cylindrical Quartz Lenses of from 15 cm. to 30 cm. focal length.

2370.
2371.
2372.
2374.

THE SCIENTIFIC SHOP, CHICAGO

Same, 50 mmi. diameter. ..o iviiie it aae

Cylindrical Quartz Lens, 30 mm. squarc.........ooooe..
Same, 35 ML SQUATE . 0w ve e e arane s o
Same. 40 M. SQUATE. v somassees s

Same, 45 MM SQUATE . v ivsvai s i sia s asemss o v e eee e

—_—

D 2380

Miscellaneous Quartz Preparations.

2380.
2382.

2384.
2386.
2387.

2388

2390.
2392.

2394.

2396.
2398.
2400.
2402.
2404.
2406.

2408.
2420.
2422.

2424.
2426.
2440,
2442.

2444,
2446,

Fresnel’s Triple Prism to show double refraction and
separation of circularly polarised rays along the axis.
So'eil’'s Compensator, consisting of two wedges cut per-
pendicular to the axis, and a compensating plate, un-
A CRITEE L . oo o e A e R L AR R R
Babinet's Compensator, consisting of two wedges with
axes crossed, unmounted. . . ... ii i
Quartz Wedge, 5x40 mm. mounted on glass slip 5x45
mm., showing colors of first two orders..............
Same, showing first three orders............. ...,
Same, showing first five orders.......... ... .ot
Klein’s Quartz Plate, 3.75 mm. thick, about 10 mm. aper-
e O
Biquartz Plate, of R. and I.. quartz, 3.75 mm. thick,
about 10 mm. on theedge.........c.ciiviieiiiinranas
Savart's Double Plate, showing Savart's bands, a sensitive
test for partial polarisation. .. ......... . .o
Bertrand’s Plate, 2.5 mm. thick, about 14 mm. square...
Laurent’s Plate for Sodium light, 5x7 mm..............
Quartz Sphere, 20 mm. diameter.......... ... .. 00,
Same, 30 mm, diameter.........ooiiiiiiiiiiiiiiiaaae
Same, 40 mm. diameter. ... iiiiaa i
Pair of Natural Quartz Crystals, R. and L., showing the
hemihedral planes .......cciiiiiinviveriniieresarnss
Same, larger .. ool vy i e s s
Selenite Film, 11x60 mm., showing red of the first order
Selenite Wedge, 15x30 mm., showing colors of the first
e e N S ——
Same, showing colors from the third to the fifth order..
Bravais” Double: PIREE: ... iisevn s i s e
Quarter Wave Plate, 11x60 mm..........coiieniiiuinns
Set of Three Plates, 14, 34, and 9/4 wave retardation
which can be combined to give thirteen different re-
tardations. Adjusted for white light. ................
Same, adjusted for sodium light........................
Von Mohl's Set of Eight Selenite and Mica Films. .. ...

Preparations of RocKk Salt

D 2500-2502

16.00

$11.50
12.75
15.00
20.00

$25.00

13.50
8.25

8.25
5.50
4.25

2.25
4.25

4.25
9.00
2.75
5.00
9.00
15.00

3.00
9.00
$2.50

4.75
4.75
4.75
$1.50
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D 2500. Sixty Degree Rock Salt Prism, about 20x30 mm. on the

BRI . e e e T T S $ 5.50
D 2501. Same, about 30x40 mm..........coviiiiiiiiiiiiiaans 8.25
D 2883 Same abGHE A TN . comemmmmmame e eymmmnse e 12.50
D 2505. Biconvex Rock Salt Lens, diameter 30 mm., focus about

B B, oo o e e R R e S R e el $ 5.50

Biconvex RocKk Salt Lenses
D 2506—2513
D 2506. Same, 40 mm. diam., 30 cm. focus. ....... ... ool 8.25
D 2507. Same, 50 mm. diam,, 30 em. focus.......... ... 0iinen 11.00
D 2508. Same, 60 mm. diam,, 30 em. focus.......... ...t 15.00
D 2510. Same, 30 mm. diam., about 15 ecm. focus................. 5.50
D 2511. Same, 40 mm. diam., 15 cm. focus............ ..ol 8.25
D 2512. Same, 50 mm. diam,, 15 ecm. focus......... o ciiiiiiaien 11.50
D 2513. Same, 60 mm. diam., 15 ecm. focus.......... ..o 16.00
Cylindrical RocK Salt Lenses

D 2515. Cylindrical Rock Salt Lens, 30 mm. aperture, about 15

AT EDOBET o r oo e e e e e B R $ 6.75
D 2516. Same, 40 MM, .. ovveer et i nnena e earaaeeae s 9.50
2517 SaRme; S miiccms S s s e sn e s s 13.00
D-2518: Same; B immui s sosuui sose s il m @ s i ie s gimp s 16.50

Round Plates of RocK Salt

D 2520. Rock Salt Plate, 25 mm. diameter. .......ocovennrnnn. $2.75
L2821 Same: 30 Bu s s o i s 5 N s RS T e 4.00
:2522: Same: 40 . s dREE n SR e 6.75
D 2523, Same, 50 HIM.. v vsrvmroessseseonsesssssssessssssesas 9.50

Ives Diffraction Gratings

Patented April 24, 1906.

These are transparent replicas of Rowland’s quality A diffraction grat-
ings. They consist of cast films, with the ruled surface in optical contact
with a flat glass plate, and sealed up under a second plate with a balsam
mixture of the same refractive index as the film. This procedure ensures
a flat diffracting surface, protects the delicate film from injury, and over-
comes all aberrations due to inequalities in thickness of the film.

The Ives’ replicas are practically equal in resolving and defining powers
to average quality A originals, are much less expensive, and are not liable
to injury since the film is entirely enclosed between glass plates. Even
the smallest and least expensive of these gratings will clearly resolve the
solar triplet at 5227, in the second order, if used with a sufficiently power-
ful spectroscope. The lines of this triplet are separated by about one-
twentieth the distance between the D lines.

A fuller description of these gratings, together with a copy of a photo-
graph taken with one of them, will be found in the fourth edition of our
Circular 325.

C 140-—-146
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C 140. Ives’ Grating, about 15,050 lines to the inch, with one-mnch

ruled surface, “passed” on clear resolution of the trip-

let at wave-length 5,227 at full ||u.-rtun- i the second

1':Hltl‘*~[JLL{H1.Ill.... $ 5.00
C 141. Ives’ Grating, about I'\H‘:U lines to the mh Sinie size as

C 140, but made from a different and unique original,

and remarkable for the brilliancy of the hirst order

spectri.  The second order spectra are practically the

same as with C 140, and the grating 1s passcd on the

same test of resolution, s 6.50
C 145. Ives’ Grating, about 15,050 lines to the inch, ruled surface

134x17g inches, giving excellent definition with moder-

Ate pOWErs .. .. 9.00
C 146. Ives’ Grating, about 15,050 lines to the m‘h, same dimen-

stons as C 145, but bearing highest -.'}'i_'pit'cin;.: at full

aperture ... 12.00
C 147. Ives' Direct Vision Brilliant Gratlng “This is a one-inch

C 141 grumg mounted between prisms so as to give

direct vision i the brilliant hrst order spectrum, This

corating 1s “passed” on good dennition of the 1D hines

and the nickel line of the tirst order.......... ... ... 10.00
C 481. Ives' Grating, | inch surface, 20,050 lines to the inch. This

erating gives a brillhant hrst order spectrum, but is

weak in the second order. 1t 15, however, capable of

just distinctly resolving the test triplet 5,227 in the

tirst order spectrum, by using sunlight, condenser, full

aperture, and a power of 30 diameters—a really mar-

velous performance for a cast replhica. . .. ... ... .. .. 6.00

Second Class Grating Replicas

Owing to the demand for low-priced gratings for purposcs which do
not call for the high quality represented by Mr. Ives' tested standards, and
because a percentage of those regularly turned out have been hitherto
destroyed, it has been decided to mark these rejected gratings “Second
Class™ and to offer them at about half the price of the standard gratings.
The only guarantee given with these second-class replicas 15 that they can
be made to show the nickel line between the D's with direct sunhght, and
the only advantage claimed for them over Thorp-process replicas is that
the films are protected from injury by careless handhing.  This supply 1s
limited.

C 150. Second Class Grating Replica, with one-inch surface

ruled 15,050 lines to the inch. . P—— $2.50
C 151. Second Class Grating Replica, l"r[hl} lines to the inch,

ruled surtace 1386x1786 Mches | o i e ald i e P 4.50
C 482. Second Class Gratmg Repltca 1 inch, 20,050 lines to the

mmch ........ 3.00

Photographic Diffraction Gratings

These gratings are photographic copies of originals ruled on Row-
land’s engine, and are much more brilliant than any photographic gratings
hitherto made. The 3,610 line gratings Inmlhmmly resolve the D line in
the first order, and clearly show the nickel line in the second order, with
one inch aperture. The 7,219 line grating will show the nickel line in the
first order. The 2,888 line gratings are mounted lantern-slide fashion and
are intended for lantern demonstrations, measurement of the wave-lengths
by Kelvin's simple method, etc.

C 485. Ives’ Photospectroscopic Grating, 1x1 inrh, 3,610 lines to

the inch ...... $1.75
C 486. Same, 114x134 m-;h 3{":-10 lines to the inch. 2.50
C 487. Same, 13/16x1 3/16 inches, 7,219 lines to tlu 1mh ......... 2.00




THE SCIENTIFIC SHOP, CHICAGO. 43

C 153. Photographic Diffraction Grating, ruled surface 214x204
imches, 2,888 lines to the inch.. ... . 0.0 e 1.50
C 154. Same, 1x] inch, 2888 linestothemnch.......c.occvvvviuoin .75
For other diffraction gratings, including “freaks” showing colored cen-
tral images, etc., see Circular 325, fourth edition.

Circular Diffraction Grating for Lantern Projection

These photographic gratings have a ruled surface three inches in diam-
cter, with five thousand lines to the inch. By projecting an image of the
clectric arc upon the screen and then plrumg the circular grating centrally
over the objective a circular rainbow 1s obtained. These circular gratings
are mounted between selected plate glasses and hinished like lantern slides;
they show considerable periodic error, which does not, however, injure them
for demonstrations with the optical lantern.

INEH
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C 152

C 152. Circular Diffraction Grating, 3 inches diameter, 5,000 lines
tothedneh Gorssrr e ST B S e T $3.00

Porter’s Multiple Crossed Diffraction Gratings

See the Physical Review, January 1907, page 126

These brilliant optical novelties are made by a patented process which
enables us to secure on one plate a large number of diffraction gratings
crossing at various angles so as to give a most gorgeous display of colors,
They are equally good for hand use or for projection. Held in the hand, close
to the eye, while looking at a small and brilliant source of light (preferably
an electric are) they show a dazzling series of radiating spectra. The effects
are cespecially fine when two of the crossed gratings are superposed and
slowly rotated in opposite directions.

To show the radiating spectra to advantage with the projecting lantern
the following arrangement should be used: A round hole about Smm. in
diameter 1s drilled 1n a sheet metal platL. and the 1:-L|tc i1s placed in the lan-
tern in such a position that the hole lies at the focus of the condensing lenses
so that as much light as possible may pass through. The image of the hole
is then focused on the screen, and the crossed grating i1s then merely held in
the hand against the front of the mount of the projecting lens. The spectra
then appear on the screen. The effects are particularly fine if the light form-
ing the direct image of the hole 1s screened off by means of a blackened card
held imm a clamp anywhere between the projecting lens and the screen. When
this 1s done, the spectra appear to be more brilliant, for the eye is no longer
dazzled by the light from the central spot.

These crossed gratings are made in two sizes, and are sold in sets of
four having respectively 4, 8, 16, and 32 gratings crossing at symmetrical
angles. The individual gratings have about 2888 lines to the inch.

C 913. Porter’s Multiple Crossed Diffraction Gratings, set of four,

with 214 inch circular ruled surfaces, having respectively

4, 8, 16, and 32 crossed gratings.. . T T P $8.00
C 914, Same, set of four, with ruled surfaces 1 inch ‘*-.-f]lhl['{_’ ...... 4.00
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BlacK Line Gratings

These coarse black line grmnu are original t1|11m.,- mtended for the
experiments on ims: 1ges described in the Physical Review,” March, 1907, pp.
303-306. The ruling is so "sharp” that the gratings show spectra of thirty
or thirty-five orders when a sodium Hame 1s used as source.

D 3000. Black Line Grating, 'i- inch square, 400 lines to the mch,
mounted on glass slip 3x1 inches without cover glass. . $3.50

D:3001; ‘Same: | inch sqguaress coma s s i e s s @R 7.50

Selected Color Screens

These screens are made by Mr. Ives, who was a pioncer in orthochro-
matic and color photography. They consist of stained films, balsam-sealed
between selected glass plates for use with photographic lenses of large
aperture. The esculin screens suppress the ultraviolet rays for which ordi-

nary achromatic lenses are not corrected: the esculin-tartrazine screens are
the most efficient of light yvellow screens.

C 536. Selected Esculin Screens, 2x2 inches...........c.oiin. $2.00
C 537. Same, 374 x4 inches.. i e 3.00
C 538. Sclectcd Esculm-Tartrazme Screcns‘ zau Inehes . . ooon oo, 2.00
C 539. Same, 374 x4 inches..... 3.00

Other screens are listmi m Cirrulnr 325_

Zeiss Microscope Objectives

The prices of the Zeiss objectives given below are for delivery from
stock. When imported to order for educational institutions, they can be
brought in free of duty at 30 per cent. discount from these prices.

The objectives are corrected for a tube-length of 160 mm., and a cover-
glass thickness of 0.15 to 0.20 mm.

Apochromatic Objectives

D 5000. Zeiss Apochromatic Objective, 16 mm. focus, 030
purmeticall aperture: s E N S S T e $ 30.40
D 5001 Same Smm 065 B Ao ieseasie siiyisssaniee ins @ 38.00
D 5002. Same, 4 mm., 095 N. A, adjustable............ ........ 53.20
D 5003. Same, 3 mm., 0.95 N. r"’L. ;l.i]_]ll‘\t;lll!l, - . 60.80
D 5004, Same, 2.5 mm., 1.25 N. A., water immersion, "ttijll‘-u’[i‘l:b]( 95.00
D 5005. Same, 3 mm., 1.30 N. A, Imnmguumn mmersion. 114.00
D 5006. Same, 3 mm., 1.40 ‘\. A., homogeneous immersion....... 152.00
D 5007. Same, 2 mm., 1.30 N *\. homogeneous immersion.. .. .. 114.00
D 5008. Same, 2 mm., 1.40 N, 1 homogeneous immersion...... 152.00
D 5009. Same, 1.5 mm,, 1.30 N. A, homogencous immersion..... 133.00
Achromatic Objectives
D 5010. Zeiss Achromatic Objective, “a,,”” 45 mm. focal length.. $ 4.60
ID:S01E:: Same: “av 39 mmii s e s s e S e 4.60
L-BUNE. BATE A Al I . S e R A e ek e b R i eib 4.60
D 5013. Same, “3;," 28 MM . ..o oci e e e e e 4.60
D 5014, Same, “a*” focal length adjustable from 29 to 43 mm.. .. 15.20
D 5015. Same, “aa,” 26 mm. focal length, 0.17 numerical aperture 10.30
D 5016, Same; “A" 15 mme B20 NooA | ovvmsriisemssivasose s 7.60
D 5017 Bame YAAY 17 mm 030N Avissnesimamaseivsvaeses 11.40
D 5018. Same, “B,” 12 mm., 0.35 N. A ... ...ttt 11.40
D 5019. Same, “C,” 7 mim., 0.40 N. A .. .. ot inreennnnnnes 11.40
D 5020. Same, “D,” 4.2 mm., 0.65 N. A.. ..t riiiiiniinnnaninns 13.30
D 5021. Same, “DD.” 4.3 mm.; 085 N. Kisivseovimeniosemaiai 19.00
D 5022, Same, “DD, " 4.3 mm., 0.85 N. A., adjustable.. et 26.60
D 5023. Same, “E”ZSmm 090 N. A, 22.80

D 5024. Same, “E,” 28 mm., 090 N. A, ﬂdjll‘;t I.I.'JIL .............. 30.40




D 5025.
D 5026.
D 5027.
D 5028.
D 5029.
D 5030.

D 5031.

THI SCIENTIFIC SHOP, CHICAGO. 45
Same, “F,” 1.8 mm, 090 N. A.........ioiiiiiiiina, 28.50
Same, “F.,” 1.8 mm, 090 N. A, adjustable. . ............ 36.10
Same, “P1" 25 mm., 0.11 N. A, water immersion...... 7.60
Same, “D*” 44 mm., 0.75 N. A, water immersion...... 28.50
Same, “J,” 1.8 mm., 1.18 N. A, water immersion........ 41.80
Same, “],” 1.8 mm., 1.18 N. A, water immersion, adjust-
O S o £, 49.40
Same, 1/12 inch, 1.8 mm., 1.30 N. A, homogercous immer-
STOIT sy s s e R B RS 47.50

Zeiss Microscopic Eyepieces

Oompensating Eyepieces for use with Achromatic Objectives

D 5035. Zeiss Compensating Eyepiece, No. 2, 90 mm. focus...... $ 7.60
5 036 Saime: NO. 3. 458 MM e e s s sumtm e, om0 7.60
D £037 Same. No. 6, 20 mmcewomsvos wmvws 7.60
D 5038, Same. NO: 8 225 Mmoo e v siss v saeemie o 11.40
13 5039 Same: Nio, 12, 15y oo b s i s Sein ks i 11.40
D 5040. Same, No. 18, 10 mm......couonmenmasiiniiinsaidansivs 9.50
Huygenian Eyepieces for use with Achromatic Objectives
D 5045. Zeiss Huygenian Eyepiece, No. 1, 50 mm. focus......... $2.30
D 5046. Same, No. 2,40 mm..... .. ccciiiiniimannnann 2.30
D 5047. Same, No. 3, 30 mim.........ccciiiiniiniiiaiiiaaaia, 2.30
D 5048. same, NO. 4, 25 M. ..ot 2.30
D 5049, Dame. Ho.5 20 MiiN o v sp e wsesmna e s wems 2.30

A complete catalogue of Zeiss Microscopes and Accessories will be sent
L Tequest,

Zeiss Photographic Lenses

These lenses are not carried in stock in Chicago, but are imported to
order from the factory in Jena. We list below the lenses most in demand.
A complete catalogue of Zeiss photographic lenses and cameras will be sent
on request.

Zeiss Tessar f=3.5

For Cinematography and Portraiture
In Standard Mount with Iris Diaphragm

| Size of Plate | Equivalent | Diamerer of Pitce

C:it:llugue' Series

Covered with| : ; :

Number | Number ' Largest Stop | ROEIE Lens =

Inches Inches Inches Duty - free Duty-paid
D5100 | Ie,l ix i 2 0.6 $ 20.25 % 28 .80
5101 Ie,la 1ix14 3 0.9 25,00 36.00
D5102 Ie,6 | 23 x33 | 81 | 2.4 75.50 | 108.00
D5103 | Ie,7 ‘ 33 x 44 10 2.8 ‘ 101.00 | 144 .00
D5104 | Ic8 1 x 6 12 | 34 126.00 | 180,00
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Zeiss Tessar f-4.5

For Portraiture and Instantaneous Photography
In Standard Mount with Iris Diaphragm

—

CHICAGO.

Size of Plate

Catalogue Series Covered with
Number | Number  Largest Stop |
Inches |
[I' 115 le 13 28 x 3% |
DA 106G le 1o 3t x4) |
D107 e, 15a 41 x 63
Da10s le, 16 aXT
DA10Y le A7 JXN
D110 le 18 61 x 8§
BEAR R Ie, 19 ix9
Dal12 [¢,20 10 x 12

Equivalent
Focus

Inches
13
¥
7
s4

10
12

16
20

Diameter of
Lens

Inches
()

3
Ny
b

RN X
t

Zeiss Tessar £-6.3

For Instantaneous Photography, Copying and Process Work
In Standard Mount and Iris Diaphragm

Catalogue Series
Numhber Number
135115 11,4
135110 I11h.>
IH]I 1. 3n
3511s [ 11,13
I}.HI.J' 11h.7
Da120 [1h.8
o121 1Hh.%
5122 ITh, 100
Da123 IIb,11

In Standard Mount with Iris Diaphragm

Size of Plate |

Covered with

Largest Stop
'nches

Equivalent
Focus

Inches

$ 2o
33
i)
all
~1

115
176
250

Diameter of
Lens

Inches

%

ol o

——

L

Go oS To IS et i o i

e

Zeiss Protar -9

For Wide Angle Instantaneous Exposures.

Duty

|8 24
20
da
13
s
Kii

170

i 23

Size of Plate

Catalogue| Series JCnverul w1th|

NMumber

D5130
D513
D142
D51433
D5134
D5135

Mumber

I1Ia,3
I11a,4
1l1a,5
I1la.6
Illa.7
I11a,s

Largest Stop
| Inches

41 x 6
aOx7
63 x 83
64 X N4
i x9

8 x 10

Equivalent
Focus

Inches

Diameter of |

Lens
i Inches

%

1
14
1 15
1§
2

|Duty - free

Price

Duty-free [Duty - paid

(0 | % 36 00
(M | 47 00
o | 5T .TH
A | 7200

00 | 115 06
00 1 162 00
00 | 252.00
(0 1 B60 00

Price

=free Duty - paid

00 |8 3425
00| 41350
S| 5050
(M) 61 .00
al) =400
00 | 122 50
G0 | 15350
252 (0)
00 | 52100

Price

1'.'I'ut'g,r paid

$24.00 | ‘HJ Al
25 .00 3000
33 .00 47 00

40 .

al)

50 | AT a0
50) 72 .0

76.00 | 108.00

e
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Zeiss Apochromat-Tessar

For Color Printing, Reproductions, Etc.
In Standard Mount with Rotating Diaphragm

. Size of Plate | Equivalent | Diameter | Price
(;;atulugut-. E:n:rwr. {[:L_l"-'t‘rl'}l.'.l: S\:‘Il‘il; Focus of Lens Speed | - r
Number  Number argest Stop | E
Inches | Inches Inches IDuty - free Duty - paid

DH125 VI 1 14 x 18 154 2 f-10 [$100 .00 $144.00

15126 Vil 2 20 x 24 25 24t (=10 163.00 | 234 .00

5127 b4 B 27 x 41 33 31 f=10.31 238.00 ' 342 (0

D512% VIII 4 31 x 35 46 34 [f-12.5 375.00  540.00

D512 | VIIL 5 IS x 60 7l 43 f-15 75.00 [ 1225.00

Zeiss Micro=Planars
For Microscopical Enlargement and Reduction
In Standard Mount with Iris Diaphragm
- Equivalent | Diameter of | “—

Catalogue  Series Focus ‘ Lens Snced N

MNumber | MNumber ! i — Dty five Diitypaid

D565 | I, ; 3 4.5 $25.00 $:36..00

D166 | Ia2 14 i i—4.5 25 00 36.00

D67 | a3 2 i f-4.5 2500 3600

Dates | lad 3 \ H f-4.5 3000 43 .00
D516Y9 1 Ia,5 | 4 1 f—=1.5 30 .00 4:3.00
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Rates for Duty Free Importation

@l The Scientific Shop makes the following rates for duty
free importation on orders of ordinary size. On account
of the economies arising from the volume of our business,
these rates are somewhat lower than the cost of direct im-
portation; thev represent the cost of the instruments plus
our own expenses. Our profits come from commissions
paid us by the manufacturers.

€ In a few cases where higher rates must be charged, the
customer is notified before the order is accepted. In the
absence of instructions to the contrary, we bill all ship-
ments at Rate B.

Net Charge 2 CH CHARACTER OF SERVICE, including
Rate per Mark ¢ Eranc fast weekly ocean steamship service and
of Shilling pe fast freight from the seaboard.

. Free deliv;r}* on board cars at
Rate A | 26% cents | 214 cents (Chicago, ‘boxing charged extra
at cost,

Free delivery on board cars at
Rate B 27 cents 22 cents |Chicago, boxing and cartage
charges paid by us.

Free delivery to any point East
Rate C 27 cents 22 cents |of the Rocky Mourntains, boxing
charged extra at cost.

Free delivery to any point East
Rate D | 27% cents | 224 cents |of the Rocky Monntains, boxing
and cartage charges paid by us.

Foreign Physical Apparatus
¢ Among the many foreigninstrument makers whose pro-

ducts are imported by ‘The Scientific Shop, the following "
representative firms, for whom we act as special agents, -

may be mentioned.

Paul Bunge E. Leybold's Nachfolger
Cambridge Seientific Instrument Co. Nalder Bros. & Co.

Dr. M. Th. Edelmana Newton & Co.

F. Ernecke Pulsometer Engineering Co.
R. Fuess Robert W, Paul

Sir Howard Grubb W. G, Pye & Co.
Hartmann & Braun A, G. : Cl. Riefler

Hans Heele Siemens & Halske

Adam Hilger Societe Genevoise

Fr. Klingelfuss & Co. Dr, Steeg & Reuter
Rudolph Koenig’s Successor C. A. Steinheil Soehne
Max Kohl - W. Wilson
A. Kruess | Otto Wolff

: Carl Zeiss Optical Works
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