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ﬂ;._\' of the instrmupents contained in this eatalogue are sapplied singly or
in any conthination ar the prices affived o the several irems.

The prices o not inclwide paeking or carriage from Jena

All prices wre strictly Nelo amd payment should be o meadde im0 Cashy
Cheques or Short Bills drawn npon English, German or Freneh
Banks.

Cooodds are forwarded af the expense aml risk of the consignee, insaretl ar
unider deelaration of value.  Oriders fram abromi are, in the absenee of special
instruetions, despatelaal by the guickest. safest and cheapest route.

It iz eeguested that ormders be oveompanied by distinet siy-

reectieres ol addresses.

Jena, 141K,

Carl Zeiss,
Optical Works.

Telegraphie adidress: “Zeiss Werkstaettie Jena".

We ghall be pleesed Lo plave Llocks of illustretions cootained io this
catalogus at tha disposal of authors of acentific publications.
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Tl_p whole of the instruments and apparatus describad in this eatalogus
lave, Lol i promerple and copstraction, originated in owr works and rook thenr
paistence  from problems= arising from our own requirements.  They were con-
strmeredl in the eonrse of years by the seientists attweled 1o the firm,  cither for

pnteediate assistance in the manufaeture of owr leading optical instruments or
Fur 4':'-,['H','j'i| wenbal resenceh s oesbed ]l_".' the work of the firm. .'|.|'|'|r1'||i||;.-_'f-., thi
instrmments have been tested theouzhout by our own use, which in several cases

has been eontinned  for omany yenrs, amd those aoone these whieh have alresuly

hoen previonsly deseribed, constitute in their prewent form the definite result of

I'.‘;|Il!|'lltl'.!lfl.'| [Hlit '.!."-.[F'.II e,

Until vecently these instruwents have only occasicnally been supplied for
i u=e of others, Dut as they appear to eomnnend themselves to the interest
of many engaged in scientific research amd technical work or of teachers of
pliyeieal  sciemees, we have mow formed 1 our works a speeial departient
which inatruments of this class are regularly mannfaetured.  This depariment is
wieler (he care ol D C, Ponemion, a plysicist of proctical experience on the
subjeet of philosophieal instrnments. Beside the instruments deseribed in this
el e we nmderbike (o constenet other applicnees of the same class aecord

ing to speeial designe,

Jena, December |50,

Carl Zeiss,
Optical Works,
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Apparatus

for determining

the Refractive and Dispersive Powers
of solid and fluid bodies.

No. |. Abbe Spectrometer iz 1 on following page).

This spectrometer haz, during the last few years. only reesived a lew minor
iuprevenients, ollierwise it is essentially the same as deseribed by Irof. ARRE
in his paper on “Newne Apparate iur Bestimmung des Brechumgs- amil Aer-
stremungsvermizens  foster und  Gissiger Kiarper™, Jena 1874 It is the same
mstrument which has been used in our own laboratory for several thousands of
eterminations of oprieal data anid whieh in sll these enses has proved perfectly
satistactory.

In ronstencting the spestrometer it hos been oor aim o embody the following
conditions: To simplify the insirument as mneh as posgsible by removing
all such parts that were at all dispensable: to 30 arrangs ita meehanism thot the
instrument might be ndjusted with eass snd precision and that all the
necessary teadings for a complste determination might bhe taken withaons
the necassgity of in the leaat altering and reandjoating the instru-
menk, and, fivally, to provide the wgirament with a simple and conveniant
micrometer arrangement so a8 to render it pesszible to find the dotn
reqnired for the determination of the diepersion indspendently
vl the goniometric reading by means of the divided eirele, in order
that the gradmation of the cirels need not he finer nar the constrnetion of she in-
strument and its moenipulation suy wors delicate than s reguired for the exact
determination of the absolute value of the refractive index,

Casl e, E":J:'{ra.ﬁ.-.- ‘?".ﬂr-tﬁ-fﬁiﬂf. dena




Fig. 1.
Abbe Spectrometer (Neo. 1).
Yo Tull Size.

The principle upon which the construction of the appa-
rutus is based is that of autocollimation (method of a ray returning
along its own path). The same telescope sorves for observation
awd illumination, In the foecal plane of the telescope objective is placed
a vertieal slit which is illnminated by means of o small reflecting prism,  whieh
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eovers it and refiects wpom it the light from the zouree of light placed at the
left haud =ide. Monechromatic flames or GEMEELER tabes, the latter being
placed  longitmdinally (vid. Nos 2 and 3, p. 5) form soitable illuminants,
The parallel pencil of rays emerging from the telescope
phjective is reflected  either directly by the surface of
the prisn. or it is frst refraeted and then reflected by
the posterior surface, In the case of normal reflection

the pencil of rays returns along its own path and
forms an image of the sht whiech = coaneident withe the
latter itsell. The path of the light is iden-
rieal with thet doue to minimum deviation

ol o prism having double the refracting

anele (Fie o Both methads, therelore . agree as

Lowanls the similarity of the object and its fmage: the taking of the reading
is, however, in our case, creatly simplified in 45 mueh as the
determination of the minimum deviation iz entively dispenszed
with, it being only necessary to make coincide the image ot the
slit with the latter itself. The slit being covered by the reflecting prizm,
1 web i stretebed aeross the free half of the foeal plane in a direction parallel
o the slit, amd this web has to coincule with the image of the slit, which
appears a2 a bright linc wpon wdark ground?,, The width of the slit
may be regulated exiernally. The perpendienlar position of the telescope with
respect to the axis of rotation of the divided eirele is obtained by means of
the wljusting serew J,

The prism which is to be examined is, as a rule, not placed
upon a stage but is affived with wax ta a cirenlar dise with eentral
ppening & Fig 1), which, by means of spring-elips, may be vonnected to
a ping B2 fived with screws upon the spectrometer stage T. The ring rofules
on its lorizontal axis.  Therely one of the prism surfaces 18 placed very
approximately  in the axiz of the spectromster,  The exaet adjustment ol
thi= surlier in a direction parallel to the same axis is effecled by means of the
serew I, Subsequently, the other surfuec ol the prism is, by rotation of the
ring. alzo placed parallel to the axiz of the spectrometer. This mode of attaching
the peisn requires, therefore, no special prepavation of the prizsm: conscouently,
partienlarly wlse on account of the small prism angle (aboun 30Y instead of
the usual angle of 680°) the materinl to e examined may be eco-
nomised in the most weleome manner.

1) The intensity of the specirum thus formed may he made nearly equasl Lo
thal obtained with transmitted light by covering the bock of the prism with mercury

(rub a few glohules of merenry apon a picee of tin-foil and apply the latter to the
heelk of the primm).

ol "E:r.inl ﬁ_:}r!irrfu. i es i.'l:l'.{_l.f."t. EIFH.E!-,
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Iu the cuase of prisms of large dimensions, pacboualacy  of Hwd presns, this
pinde of attachment i not sufficiently secure. For this reason all the parts connecteil
with the ring K sbava the stage T are mode to readily remove so as to Le replaced
by a small stage with three levelling serews, which is supplied with
the apparatns: this levelling-stage is adjusted i the ususl manner

The angles are, by means of two wicrometer-microseapes, rewl off o vircle
of 200 e dimmeter divided inte ¥, degrees; the reading taken being exact within
1 few secomils. The stave af the speetrometer is made to rotate
by it=elt and to repeat the angular positions previously deter-
meined.  This is etfeeteal by mean- of the arrangement =hown in the figure
helow % which consists of o elonp acting inoa vadial and ane adjuslment-serew
aeting in oo tangential direction,

The dererminartion of the dispersion is not procecdel, az is the
case owith the vsual metlwodls, h:.' a determination of the retraetive indices Rar
various lines of the spectrom bul 1= fowml by ditferential measurement
withthe aid of a micrometer arrangement,

Thiz methol las over that  of direct determination of each individual
refractive  imdex the advantage of being not only mueh simpler and gasler
to perforin but al=o of being much were aceurate in its results under equal
conditions,  The miceometer arvangement (M, Pigo 1) i= composed of the serew
cifecting the tine adjustipent of the divided cirele and a drwn divided o 1R
parts itted with scale, amdicating complete revolutions, The engular equivalent
of each complere revolution is exactly 10 minotes, therelore that of each division
on the drum 0 or (. The angles read off the micrometer serew
ure, of comrse, copable of repetition in the same way as are
rhose read oftf the divided circle.

For measurements with reflection-gratings the spectro-
eter may he nsed withont beiney altered. The eoineidence of the
ineident and diffracted 1ays enhances, in fact, greatly the aceuracy of the readings,
in the same sens: os in the ense of the nomimmn ol deviation n priems.

In order, however, that the apectrometcr may alsn be used according to the
Liler methods  deternnpatien of the refractive index by the method of minimuim
deviation, measurement of the wave-length by moana of pratings in transmitiod
Lhght), anveiher Lelezco pe, showi o the ficure at the foct of the spectrometer, is
sapplied with it. Tt is conmected with the divided circle in an easy manner, which
pesd nob be descrbed bere: he same applies to Llbhe counter - polses Eup]:'lit!ﬂ with
the apparatus

The whole appatatus, in ealinet fitted with lock and key M. §00.—
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Auxiliary and Accessory Apparatus
for the Specirometer.

No. 2. llluminating Apparatus mounted ona stand, adjustable in
heigzht.

Thi= apparatus collects the rays proceeding from the transverse section of

a GEISSLER tube and projects o convercent cone of its light upon the illuminating

prisue where it forms a real magnified image of the souree of Light.
Inclusive of a (igssLER H-tube and stand for same M. 5.

No. 3. Geissler Tubes (or longitudinal vision, with Dr. RiEpen’s
spiral alumininm electrodes
Filledd with hydrogen or hydregen amd mercury; these give o voery pure

anid intense H-speetrum
Ench M. 10,

No. 4. Glass Prisms forspetrometric examinations, with optie-
ally perfeet surfaces (refracting angle abourt 30",

The price varies accordiog to the sise of the prisma and the guality of

the glass employed. We are also prepared to sapply prirms cul from material

=ent 1o na

No. 5. Hollow Prisms ror examining fluids.

A bloek of Llack class (black se as to exclude filse redeetions) hns 1wo
gool plane surfaces inclined to each other at 50¢. In a direction at right angles
tn one of these surfaces the prism is traversed by a hollow eylinder of about
1ii wm diameter.  The open ends: of the eylinder are elosed by plano-parallel
polighed plates, ene of which is silversd at the back; hoth plates have to be
cemented to the prism every time a new experiment is made. The hellow
evhnder i filled by means of a canule which may amin be closed by means of
a cround in stopper or oo thermometer,  Height of the prisms 40 mm.

M. 30.—

The su-called Evsor prisms, which are chiefly intended for the exmuination
of fluids lacking in transparercy, are alsc made if specially required. The price of
these depend upon the sise of the planc-parallel plates.

S

Cacl iz, l."_""l'ah ]'.-L'IJ'IH: ‘ﬁf"{..ﬁ-r{ﬁ.m, e




Fig. 3,
Healing Arrangement for the SBpectrometer (No. B).
Y. Full Size,
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No. 6. Heating Apparatus (Figs. 5 and 4.

By means of thiz apparatus it is possible to mnintain the prism which s
1o be examined with the AreE spectrometer at a constant temperature;
it thus furnishes also the means of investigating the effect produced by change
of temperature apon the vefractive power of solid and fluid bodies.

Reapecting this latzer mode of application of the apparatus (viz. the inflnonee
of temperature upon the refractive pawer of glass) wn refer to U Pourmion’s paper
in Wiknen, Ann. 45, p. G089, 1384,

The apparatus consistz mainly of a donhle wallwd exylinder the bottow
af whirh i= formed by three (hislhes: this bottomn 1= adjustable and can be placed
upon and moved with the speetromerer stuge, the lalter having previously been
clessred of all its httings, whereas the upper casing is supported externally amd
remains stationary. Air-tight eonneetion between the upper double jacket anil

the bottom lishes is made by flling the three annular grooves of the later with

Fig. 1.
Cross Neetlon of the Heating Chamber (No. 4).
Yy Thall Size.

wereury or oil or other suitable fluid: by this means the free movement of the
battom  dishes and the spectrometer stage is in no way impeded. g, 3 shows
the general arrangement of the apparatuz coupled with the spectrometer, fig.
15 a vertical section of the heating chamber.

Heating is effected by the vapours of liguids with constant
boiling points, The vapour enters at E; 4 is the outlet. The middle bottom
dish is perforated: the vapour is thus compealled to surrownd the inmer casing
which eontains the prism. The condensed fluid colleets partly im the lowesl

Eaif Feics, Eptifche AWesh{ritee, deno.
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tigh, which 1= made to form o reservoir, anmd partly il is allowed (o How off

at 4. The wide groove B is provided to catch any mercury that may acei-

lentally tow over. The passage leading to the vapour jacket is closed by
a stopper.
For the purpoese of chservation the casing is pierced by
tubulure, closed br a plano-parallel plate of glass (&6 in Fig, 4). The
whole easing as sureounded by o eoating of felt (o minimise [oss of heat by
rmdiation : the same applies to the lower side of the bottom dish. The tnbnlures T,
and T', serve for the insertion of two thermometers,

The upper stationary part of the heating chamber is supportind hy a <tand
plaeedd near the speetrometer and may be raiseld or lowersidl by means of a rack
and pinion movement., The prism may be placed either divectly apon the upper
dish af the bottom ca=ing or wpon a separate =fage ploed apon i The prism
15 wljnstedd tozether with the dish by means of three adjnsring serews.

Price of the heatineg chamber, incl. stand M. 125.

Two thermomsters divided into whele degrees, the one rvangive from 0 to
ol A2 the other Trom B o THPY Q0 M. 4.50

Abbe Refractometers,
priocipally for the cxamination of fluida.

ALl the imstruments Nos. T ta 11 deseribed herein embaody the same prin-
cipples The regquired number i3 dedweed from the observation of the
rotal reflection which a very thin stratom of the Fluid under
cxamination placed betweeu prisms af w more highly refracring
subetance produces in transmitted light (ABRE, "Neue Apparate ete.”,
Jona 1574). A zingle drop of any fluid, let it be ever so infransparent in thick
layers, is, thevefore, sufficient for the examinulion. The whole process of exami-
nation, which may be aumle with Jdiffuse day-light or lamp-light, consizis in
a single simple adjustment anid subsequent notation, either from & graduated are
(Nos. 7 and 5) or from an ocular scale (Nos. 8, 10 and 1), This reading sives
the actoal result, no calenlation heing necessary,

The facility with which these retrastometcra lend themselves to sract measure-
ments render them suitable for many scientific and practical purposes. Ircsapestiva
of the advantages which scienlific chowists derive from tho apeedy and exaet
determination of refroectiva and diaparsive poewers, lhess lnstruments
mro of great ntility to pharmacentical and manufacturing chemists and nthers AT Eaged

=
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m campennding anhstances @ these, by the refracrive index, arc enabled o distingnish
many subsbauces and Lo asceriuin fheir degree of puniv (adulieration of viciuals),
or to determine the percentage or coneemtration of manyv solutions and mixtnres

No. 7. Large Refractometer (Figs. 5a and ab).

The instrument eansists of a double prism of a highly refracting Hint-glass
faxeel to an alludade, both revolving tosother about the center of a divided aee.
This are has fixed to it a small telescope, which furns with it on a horizontal
pinn . the whele is mounted on a heavy brass foot. The telescope supports before
it oljeetive a system of twe revolving Amicr prisms (compensator for
achromatizing the eritical line of total reflection), the amount of
ratation beane indieated by oa divided dram,  The sradoation of the are direetly
reails the refractive indices to the thind place of decimals, The 4thdecimal is estimated
willi neewrney within 2 units, say, by means of a lens (not shown in the illnstration)
which iz attached to the pointer. The dispersion (C—F) may be found from

the reswding tuken from  the divided deam of the compensator with the aid of

el T T T e

Fig. 5 a.
Lorge Refractometer (Ne. T)
shown in tha position in which tha drop of Liguid is applied.
'ty Tall Bize.

Pazd Daias, l‘.;.:":u-'.'ir-.ﬁe A leshflatty, Mina.
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Fig. 5b.
The same apparatus {No. T)
ghown In the position 1m which the resding I3 laken,

Y Full Bian

Y
a table supplied with the refractometer. The refractometer may he vzed

for refractive indiees bhetween 1o aned 1700

For the oxamination of solid budive bawviog coe polished surfuce by means
of refested (in lien of transmittad) light, the metsl cap should be removed from
the small lumineting prism which is coemented to the fixed refractometer prism.

With direetivns for using, in case with lock M. 260,

i gl . o s T
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No. 8. The same Apparatus with heafing arrangement.

The latter (designed by Dr., WoLLyy) consists, as in the eaze of No, 11,
Toafa donble walled metnl casing, which encompasses the two glass

J.“E,!. i,
prismz cementel therein amd leaving only those curlbees free which are tra-

versed by the line of vision, Water of a constant temperature is made to flow

theoneh the rasing The twa halves of the casing, which 1s made to open out,
are joined by hinges, Thiz arrangement may be nredl in eonjunction
with o reservoir for flowing water, or in conjunction with =
thermostot for eirenlating water. Lo other respects the general arrange-

L ]
ment and wanipulation are the same 23 in the ease of Noo 7.

With dlirections for ueing, in case htted with lock M. SN —

Thermometers, divided o whole degrees, 0—=757 C, M. 2,50

By dispensing with tho compensator awd, therefore, with the means of
measuring  the dispersion, thus rendering tha appararns available for use as a
rofrnetometer only, limited to sodiwm- lighl, the prices of Nos, 7 and 8 becoms

reduced to M. 185 — and 225 — respectivoly.

No. 9. FEI‘I'JB"t&gE-HEfI‘-EIﬂ'DI‘I‘IBtHT, with oenlar-scale, fTor finding
the canceatralion of solutions and liquid mixtures (Fig.

Small  and - teleseape with revelving Asror prism for chropatic coni-

vensation ; with ocular-scale veading refractive indices diveetly fo units of the

[l :.-éfi
Tig. 6. E_,‘l".._-.l-{’.q':'a'-l# i q.j
Percentage-tlefractnn cter (No. i) P i *

Yy Fall Size.

thivd decimal, smaller differences being eslimated. The scale ranges trom 1al
to 140, The twee parts of the double prism are helil togerher by a spring clamp.

With Miections for using, in case, with lock M. 105,

& second scals in the aonlar fisld (Leside the one reading refracrtn indives)
ter directly reading the percentage of a certain linuid (sagar polulion eig), sxtra

M. fh—

Pk Fwics, Spiilde S0ufiftane. dina,

=




. 10. Refractometer after Prof. Kriimmel {0y determining the pers

itace of salt in sea-waler (refroeclo-salinometer).

Thixgefractomnetric, as eomparcd with the hydrostatie, salinomoter hog"the ad
vintage of ywelding accurste vesults without being interfered with by fhe motions

at’ the ship.

Av lpstanee O the apphcation of the refractometer for thy” purpose 15 given
in D, (v Scuore's aniapnt of his voyoge, Yerhondl, der Ges, F Eodk, Berlin 1832,

Holt 2, 3, 4.

The vstrument includes hand telescope abonyZ0 e in Tength fitted with

copensation peisme The donbltsprism is helid #eether s o Noo 1,

[n this instrument distilled used o= o comparizon Fluid

torether with the salt water which is o wamine:l. The reading 1= thus nearly

nnaffected by changes of temperature. purpese either of the prism surfaces

lomgitwlin
A ddrap of

enclosing the stratum of liguid ag

f sea water upon the otier half.  Thus two liguid

e Torned and there s a narrow nterspace separating

thee perceitiee of salt ds foond, exoetly wilhin 00890 from a canple 1o
retdugl values which iz supplicd with eacli instrwent. The position of 1
sofle is adjnsted by means of a watch key,

With directions [ur wsing, in vase M. 2HL—

No. ll. Hefractometer for special fechnical purposes, with heating

arrancement and aocular scale (Fig., 7).

[n prineiple theze refractomoters didfer oo those previonsly  described
only in that in thiz ease the critieal linc of total reflexion for a ecrmain
substance or a certain class of substances is achromatized, not as in the case
of the other refroctometers by o special compensating arranecment, tat by the
refroctometer prizms themszelves (patented; the dispersion coexistent
wilh the Iotal  reflechion between slass amd sobstaners being esaclly  eom-

pensated by the dispersion duz to the surface whence the light emerges

rom the double prism in the diection of the telesecpe.  Aecordingly, i
from the doul 1 the direct fothe  teleseog Aecordingl th

eritical line appears colourless  (achremarizad) for the standapd substance or
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standard salation for which the prisms have been calculated; whereas all other
substances which differ fronn the standard substanee with respeet by refroctive
anil dispersive power cause the eritical line to appear more or less blue or red,
the lutter line being, however, in all cases, sufficiently distinet to admit of its
exact posttion in the seale beine azecercained.

Substanees are thus distinguished not onlybhythe different
positions of the eritieal line bot aleo by the differences in its
appearance. Hefroetometer prisms of this class are, therefore, preeminently
milapted for discerming adulterations and impurities and render,
by their power of indienting differeneces in disperszion, n dis-
tinetion posgsible even in such cases where the substapces

Dutrro=Hefractometer (No. 11).
Yy Tall Size.

Cast Dews, Dplifdhe Aehiflitle, Jina.
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have hy refractometric examination proved ro possess the same
refractive index.

The refractometers construeted on this principle are mounted in o position
suitulily fined for eonvemient observation. Fig. 7 represents o refractomecter of
this kind, specially adapied for refractemetrical analysis of butter (distinetion
of margarine and natural butter), The prisms are, as in the case of No. &,
monnted in o double walled metal casing; this being passed throngh by water,
the substance enclosed by the two prisme can be Kept at a cons=tant low or high
remperature,  The position of the critical line is ascertained by o peular scale
divided in WX} parts, which reads to '/, divisions (mean equivalent 7 units o
the 5 decimal of m). For adjusting (onee [or all) the ocular scale the objective
may be set by means of a wateh-key. The readings of the scale may he either
dircetly eompared with one amother or they may be transformed in terms of
refractive indices by means of a table of reduced values supplied with each

matrument,

Seli-evidently, any one of these instroments i3, beside the immoediate purposo
which it scrves, like any uthor refraclomever, adapted for refractromerrie examination
of any liguid or liquified substance whose refractive index is within the limits of
the seale of the psrticulsr iuslrumenl.  For instance, the butyro-refractomerer given
sbove as an example [the scale of wich rangea from 1,42 to 1490 may also be
nsnd for refravtometric examination of fats and oils, for detarmining

Lhe percentage of water (within '/, */  with aceoracy] 1n eo necntrated

rlyverioe solutbivus and for similar purposss.

With detailed directions for using, in case M. 150

Thermometer, divided in 1/, *, from 0% 2o 507 extra M. 2.25

Nr. 12. Differential Refractomeler (¥ig. =

This apparatus aliffers in principle rom the preceding refractometers.
The instrument ¢consists essentially of two fluid prisms having
equal refracting angles and placed one behind the otherinsuch
a manncr that thoedeviations which they prodoce nreinopposile
directions; both prisms will, therefore, produce a deviation it
the flutds differ trom one anothar wilh respect to their refract-
ive powers. The apparams {5 fitted with two prisms of this kind so placed
ong above the other that the deviation produced by the upper deuble prism is
directly opposile o thal doe o the lower double prism. A distand vertical ling




BT e
Flg. &.
Differential Refractometer (Moo 12)
Ys Tmll Size.

isay, a staff) viewed throngh such a eombination of prisms appears as two parallel
halvis of o stall lalerally displaced, the distance between which is the greater
the more the fluids differ in their vespective refractive powers, both halves being
in a straighl line only when both liquids have the same refractive index,

The whole eombination of prisms is fitted in w metal eylinder which iz
cloced by glase plates and held together by means of the binding screw F, Fig. 2:
the eylinder is provided with inlet and outlet tubulures, The standard fuid is

Cael Dedss, Ppiifdhe DWesh{tabls, dana,
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placed in the two front ehambers, which communieate with one another, and is
proflected azainst evaporation by a serew stopper (€. Similarly, the two back
chambers, which torm reeipients for the flud to be examined, communicate with
one another. DBoth compartments arc filled by means of glass funnels amd indin
rubber lubing, the stopper € being replaced by the funnel 4. The glazs funnel
is mounted upon the stamd & and may be movedld op or down when i is required
to fill or rinse the compartments,

The rending 15 taken by means of a teloscope fautocolli-
mation) by noting the relative positions of the two images of an arnlar seale
placed in the foeus of the telescope objective and illuminated Ly dav-light (mirror 5),
the imazes heing formed by reflection of o plane wirror placed hehind the prisms.
Thiz apparatus furnishes extremely accurate results, so much =o thar differcnees
in the refmetive indices not exceeding a few units of the 5™ decimal mav be
recocnized and estimared with preeision.  As this methed only involves difterential
measuremsnt, variations in the temperature of the locality have
no appreciabhle infloenee upon the accuraey of the reading, The
apparatus is not subject to any limitation with respect to the height of the
refractive index.

In such cases where liquids possessing definitely ascertained snd preseribed
propertica are to be producad in laroe gquantitica, the THiferenrial Refracromerer
will form a suilable gasge which might be permanently appended to
the plans (inlet at B, entlet thrangh piping acrewed in lien of the fonnel A}

With direetions for usine V. 24100
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Abbe Refractometer

for the examination of crystals.

No. 13. Crystal Refractometer, large instrument (Figs 9 and 105

The refractive indices of the substances which are being
sxamined are dedoecd from the eritical angle of total reflection
in heavy flint glass with respeet to that substance

A dolailed description of and direetinna for msing this instrumen. will be
fonnd in the “Zeirachrift fir lustrumenten-Kunde®, 1890, p. 24G; Nenea Jahrbuch
fitr Miperslogie etc. Beilage Band 7, p. 175, 1880,

A hemisphere (K, Fig. 10) of flint glass having o refractive miex of
189 with respeer to yellow rays may be rotated together with the azimuth circle H
(livided in 1, degrees) about its vertical axis and can be fixed in any pesition
by means of the clamping screw {7 The zolid body whieh iz under examinatinn is
loosely placed upen the plane surfuce of the hemisphers, optical connection only
being established by a drop of a liquid baving a higher refractive power than
thet hodv.  The mirror Sp which is attached to an arm se as to be capable of
rotation about the horizontal axiz FF reflects the light emitted from a (mono-
chromalic) luminant placed in the direction of the axiz Ff upon tho serface in
whizh the erystal touehes the hemisphere in such a way that the incident light
just grazes the hemisphere or passes through the latter in the direction indicated
hy its eritieal angle. The eritical eurve of total reflection is viewed through the
teleseape Og- Ob, to which is conneetul the vertieal eircle F¥. The position
af the latter iz read by 2 verniers NN fifted with lenses LL. The vircle has
a dismeter of 185 mon anl reads to 20 It is fixed by clamping serew M and
is finely adjusted by a serew firted with eounter spring (shown in Fig. Y The
felmsenpe las three bends 1By means of successive reflections at the ohligue
surfaces of the cemented glass prisms PP the rays emerging from K are at any
position of the telescope made to pass into the horizontal limb F-0e. This
enables the sbhserver to retain his head in a fixed position. By
means of the ring R the teleseope and the vertieal eircle may be rotated about
their horizontal axis, Ocular Q¢ provided with single crossed lines serves lar
obsorvation and adjustment.

The objective of the telescope is 50 eonstituted ns to compen-
sate the refvaction of the reflected pencils produced by the spherical surfaee.

Pazd _'Eq-i.-;_\, -f'.'F:hr.l'lu. ay "ﬂ-fr.-{-'.'.':i.t-.'-t, Jena.
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Fig. 9.
Large Crystal Refractemeter (No. 13).
Yo Full Size
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The eritical enrves are thus sharply defined. By means of an auxiliary lens
it ean, for the purpose of adjusting the apparatus, b commnted intn an

orilinary telescope (adjusted for parallel inewdent raye),

i R

| —_ b P D — T T
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Flg. 1.
Cross Seetlon of the Crystal Hefractameter.
Y. Full Size.

The hemisphere is, by means of a spocinl hiting DEQ adjusted in anch
a manmer as Ao eatisfy the following conditions: 1) the axis of the hemisphere
l must be at right angles to that of the verlieal circle, 2) both axes must interscet,
anil A) the center of the hemisphere must he eoineident with the axis of the

vertieal eirele,
The vertieal circle reads directly the value w of the cri-
! ticol angle of total reflection within the hemisphere with respact to the
substance under examination. The refractive index of the latter is, therefore,
% — N.sin w, N heing the refractive index of the hemisphere. This index is
communieated by the maker and may, by total reflection of the hemizphere with

s m— i

-
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respeet o air, e verified at any e, A prism of the same glas: as the
hemisphere is suppliod with the apparatus, il desived, for epeetrometric veri-
tieation of the optical constants of the hemisphere.

The apparitus arranzed for observation with monochromatie light, in case

with lock L. 650.—
The same apparatus provided with a hemisphere of a lighter fiint glass
liavine a refractive index of 1.75 o, G40,

Acosssory Apparatus for the Refractometer:

An analyser with or without divided eiele way be placed upon the
ocular () amd the ocnlar itself may be replaced by a speetroseopic venlar
aor o goniomelrie cealar. The analyser furnizhes the means of investigating
the properties of the eritical curves with respeet to polarization; hy means of
the speetroscopic oeular readings may be taken with polychromatie illumination
and the disperzion may he measuoeed s the gonismetrie oenlar serves for measuring
the inclinations of the eritical curve: of double refracting substances.

Guulometrie Oeanlar, contiining a system of parallel Lnes placed n 1tz

focus, with divided circle M. Bh—
Analyser (Frazmowssr prism), hting on ocolar:
without divided eirele M. 20—
with divided eircle M. 35.—
Gonlometrie Uenlar and Analyser combined M. B,
spectrogcopic Oeular for the refractometer M. 30.—

In eazes whers chese apcessorics are ordered st a laler dale sepaaiely from
the refractomster itszlf it will be necessarv to return the lattor for the purpose of
adapring the arnossorios.

No. |4. Crystal Refractometer, small instrument.

Thiz instrmmnent does not ezecntially differ from the larger instroment except
in point of size, the dimensions being reduecd thronghout snd its arrangement
neing simplified in comsequence of such reductions while the principle of con-
stroetion amd the wanpner of usine the instroment are the sane in bath,

The hemisphere made of Hint glass having a refractive index of 159 with
respieet Lo yellow rays bas oa oracdivs of 200 mm (as compared with 25 o with
the largeér instrmment).

The hemisphere is rotubed abooat its verlival axis by omesens of o0 milll
dige divided in '/, degrees which is fitted below the centering arrangement and

mmmediately above the stamdard supporting the leleseope,
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The vertical eirele has a diameter of 20 mm (as compared with 15 mm
with  the lareer iostrumenty. It s divided in Y/, degrees reading by a vernier
to . equivalent ta abont 2 units of the 3% decimal of the refractive index.
This degree of exactness is sufficient for the great majority of eases in erystallo-
praphic determinotions. The instrument is, therefore, a [.Il]'.l'] icable to
all suech cases whieh do not demand the highest degree of at.
rainnble exaclness

The teleseope which rotales together with the vertical circle is essentially
af the =anie tvpe as that forming part of the larger instrument; it is; in parts-
enlar, also (itted with an objective eorrected with respect to the hemizphere by
a plana-concave compensating lens,  The triple bent form of the talescopa, which
somewhat complicates the larcer instrument in the interest of more eonvenient
hamdling [inmswueh as thereby the axis of the oealar coincides with thar of
the wvertical circle and the eve retain: a fixed pozition), is here replaced by
a =sinele Lenpt T-:|L'.:,~'.1'||]||'! as, owing W the reduced distaneces, the necessary
displacement of the eye does not eonstitute n serious objeclion,

Thiz lelescope is, as in the case of the larger instrument, made to rotate
canaxinlly with the vertienl cirele. [0 may be elamped in any position and may
alzo, in the wsual way, be fnely adjusted by means of a screw acting upon a pin
lted with connter-spring,

The illumination of the surface of the cryswl plueed wpon the hemi.
sphere 15 effeetl, in exaetly the same manner as with the larger instrument, by
a mirror which as with that in=troment wlwits of rotation abont the axis of the
vertical eircle and telescope independently of these,

The whole 15 o ted U single ~'-.|ii_;h’r|:, comical 1!i||s:.l' tixedl 1n a disc-
shaped foor. The height of the instrment is 26 cm.  The instrument is nsed

in preeisely the =ame manner as the larger instroment.
In case with lock M. 270.—

All other parts as in Ma. 13.

Cacl Deivs, Optifde Whshftatte, Jena.




Various
Optical Measuring Instruments

and

Apparatus for Demonstration.

Abbe Thickness Micrometer. Comparator and Spherometer.-

(Figs. 11, 12 and 13.)

The instrnmonie deseribed under Nos. 16, 16 and 17 are intended for moas-
nring dislances of a few centimetera with grectesl exaciness
(within 0001 mm). They are therelore specially adapred for use in phyaical
lahoratories. — Detailed description and  direcsions for uwsing will be [vund in
Dir, Prisewce'a paper in the “Zeitsehrift fir lostrumesleskunde”, 1892, p. 307.

All thess inslruments have been designed with a view to realizing the following
two conditions:

1)The measurement Lo be exclusively based in all ¢asns, both
contact and by sight-adjnstment, npan o divided standerd of
length with whieh the unkoown length is directly compared.

2) To so construct the apparatus that the nnknown lengtih
ferma the continnation in a straight line of the divided standard.

The [vrmer conditon arises frem the comsideration that divided measures can
he made with greater certainiy and accuracy than any viher measuring appliances,
their iudividusl defeets may be cnce for all determined, the laws governing their
changes duoe to oacillationa of temperninre ean bo taken inte cousiderstion and,
toslly, such irrsgular aad ncontrollable sources of errcr, which are e. g. inseparable
from serews, can practizally be eliminated.

The seeond condition eovolves ibhe aim of rendering the comparizon of the
unknown lengths with the standard independent of tho dogren of perfection of the
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mechanizm effecting the movement for comparison. By this means it is pos-
sible to employ loocsely fitting guides for the moving parta. With
all other meazuring appliances where this condition is not satisfied, the reading
envolves an error aqual to the product of the distanen of the two straight lines
anid the angle of deviation of the guide block. I that distance be equal Lo 0, as 1=
bie ease with the present instruments, the influence of deviation upon the
reading 13 almaost com L letelv elimineted, viz. 4o the approx -

mation ol small | vanlities of the second order,

Fig. 11.
Thickness Mierometer (No. 16)

Yy Full Size,

Casl iy, Oplifdhe Wahftaie, Jena.
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No. 15.“ Contact Micrometer, u thickness micrometer, measuring
up to B0 mm, for bodies possessing solid bovmilaries suitable

for fixing the point of contact (Fig. 11).

Divided silver lamina (M), suspenided between two pointed pins (S) forming
the rectilinear continnation of the contact pin (K), the lower extremity of the
cuide-bar (Fy).  The contact pin (K] is fitted with a spherically bevellod agate
tip. The guide-bar is raised and lowered, as will easily be seen from the
illustration, by wmeans of u combinution of o eord, pully (8, counter-woight ({7,
cuide pully (F) and the two milled heads (H,, H,). The contaet tip rests always
vith wniform  pressure apon the objeet or the hase dise. The latter i= a plane
polished glass dise ¥ cwin diameter and 1 em thick 1ot inte the sole plode
resting upon three metal heads,

Tl seale s diveded b, 1, oach antooer heing I'i;.[tl]'l’.dl. The =ube-
divisions of the /. mm are reud off by a stationiry micrometric microseo)s
which 15 so adjusted as to indicate each division of the seale by two complete
rurns of the dram : the latter being divided in 10 purts, enel division imbicates 1 .

In case, with lock ‘tl ki),

No. 16.%" Small G{:-mparatnr, tor visual sdjustment, measuring up
to 100 mm for measuring divided scales, gratings, specira,
gidaro-photograms ete., or, 11 general, for ascertaining he
Jimensions of such objects the boundaries of whiech ean he

focussed hy means of a microscope (Fig. 12).

short firm tripod surmounted by a bed fitted with slide plate (44, Miero-
seope 1 otor observing the standard measare (M), mierozeape 11 for observing the
object. The slide plate is displaced by hanid and also by means of the adjustinge
serew (8, A seeond plide fitted so as to slide apon the mwin slide plate 4 A,
the olgect slile (&), moves with the main slide but ean also he moved inde-
pendently by means of the adjusting serew &, Illumination: retiected light by
means of the reflectors of the wmderoscopes, transmitted light by means of the
mirror umderneath the slide plate (). The comparator is fitted with adjusting
appliances in such o manner a: to emable the observer lu wljnst the parts of
the apparatus himszelf with the gremtest ense.  Division of the standard scale as
m No. 1.

) N 25—
In case, with lock M. )
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Fig. 12.
Comparntar (Moo 16,
' Fnll Size

No. I7. Spherameter, ror determining the vadii of curvature of
aphevical sarfaces (Fig. 13,

The mathematical principle of thiz mstroment is the same as thar of all athes

apharometora: The instrument measares the height i of o spherical segment, the

radins v of Lhe eirenlur base of which i3 known, and hemeo the required rading R
af the sphere iz found by the formula

2
P ¥ k

B
Delnehubie rings of harvd gun metal (upon which the spherical =sur-
faces are to be placed) with carefully pround edges. 'The imnermost of e

Eacl Feisa, ni-','lr;i‘.".{-.a ‘M'fq'.;.-ﬂ-r.-.u_'-.ll'fl - P
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twir ciceles. which are 0.5 mm apart and whose diameters are measured by the
for taking convex, the owter eirele for taking coneave
redurves constderably the risk of injury as
Owing to the ring heing loosely

comparatar, s intended
lenses, This deviee
compared with a single sharp edge
placed npon fuee plate Powhich 1= supported by stout standards the danger ol

swisting or bending the rings, whivh with rings or parts of rings held down by

cerews 15 seareely avoidable, is entirely ohviated,

S CMRL ZESSIENA—— =

Flg. 13,

Spherometer (No. 18
a Full Size,

The other parts of the spheromueter are copied from the thickness miero-
meter (No. 18). The eontact pin (K} is caused to amat from below upon thi
spherienl  surlace with uniforin pressure just sufficiently great to ensure contaet,
Divisions and micromerrie reading appliances ws with the two other instriments,

Tha apparatus iz sappliad with two ringz.  In ardoring, selections should be
made [rom the lollowicy dimmelers: 100, 80, G5, 50, 40 and 30 mm,

1:[! mf—
M. Tin

[n ense fitled with loek
Each separate rving heyond the swo supplied with the instrumont
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No. IB. Apparatus for measuring the focal lengths of systems of
lenses (Focometer) (Figs. 14 and 15).

The construction of this instrument is based upon the method of determ-
inine the foeal length of a sy=tem of lenses and the position of itz cardinal
points  from the magnifications of the jmages of two oljects of gZiven
tlislanees, in this cus¢ divided glass rules, Dy this method the required magni-
fieutions are found entirely imdependently of the position of images; only the
di-tanee of bodily obhjects, which admit of certain measurement, supply the
necessary dabi, The linear magnitude of the juage of such an object (glass
sealed 1=, however, determined by a wmethed which 1) admitz of deducing from
the rutio of maenitwie of fmage and object obtained with finite (greatest possible)
dimenzions of either the fundamental value of the magnification,
Lo e wltipate yvalwe of this ratie for—intnitely small dimensions, and which
¥ peqnders it possible to determing the ratio of the magnifications independently
of the uncertainty inseparable from the determination of the position of an image,

In its present form as described im tha fallowing lines the apparatus is adapted
for the dotermination ot she constanis of positive and negative systems of
abwoat 50 mm focns and upwards, providsd the dimensions do not exceed 100 mm
in diametor and 50 mm in thicknsss jor beightll.

With sohromatic lenses with focal lengths exeeeding 100 mm the facus cen
pasily be measnred corractly within 0.1 ¢/, and the distances of the prineipsl puicts

are corvectly measurable within 0.1 mm.

ita usc have bosn published by Dr. Ceavskr in the Zeitschrift fir Instrumenten-
kunde, 1892, p. 185,

The apparatus consists essentially of a microscope stand of large size with
denw-tulwe having wpon ity stage a movable slide W, This slide iz roughly ad-
justed by hand, the fine adjustment is effected by a micrometer screw. The
amownt of the displacement may be found by means of a micrometer seale s
reading by vernier N to about 0,02 mm.

Buoneath the stage a plass scale T divided in *(, millimeters is fixed at
4 distanee of about 100 mm.  Another smaller gliss seale divided in Y/, milli-
weters may by means of the small lever I be passed into the axis of the wmicro-
seoe amil temporarily fised by oa projecting tooth in oa level with the upper
surface of the slide W,

The systom of lenses which iz to he measured = placed upon the slide W
approximately in the axis of the microscope.  An objeetive of suitahls foeus (s
attached to the contering nose-picee Z of e microseope tube and the microscope
iz first made to focns the image formed by the system of lenses of ceals 4 and

Cazl Dwiza, Cplifdhe ‘ﬂt*"ltlt[fﬂ-'z, dena.
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then [after changing the objective] it i= adjusted =0 as to lave the mage of the
upper seale £ in (oens,  After each adjustment a veadine is taken of e dis-
placement of the slide Wowhicl i necessary to cause ertain lines (symmetri- -

cally disposed with respect to the axis) of cither =eale (o be suecessively saper-

poscl by the cross line of the oenlar,

|
. I i
TR A |
il |||Iquil ..'|||.:'____. |
Fig. 15.
Fecometer (Mo, 15}
Ya Pull Bize

The smomnt of the neeessaey displovenient for two or more divisions read

otf seales T or ¢ furnishes the datn for finding thie oltiveate valoe of The linear
magnification of the image, formed by the systein of lenses, of infinitely i

small objects taking the place of the corresponding seale. The data thus obrained

are free from crrors doe to inexaen Toewssine ol the nnage viewed by the micro-

scope.  The measurement of the distavee hetween seales T oanild & from thee npper
surfice of the slile completes the data required for the calculation of the focal |
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length of the sy=tem as well as the distances of the principal pointz from the
Slidde WL

The apparates inclwles: 5 objectives of snitable foeal lengths, a miero-
meter ocolar htteld with mterchamgeable double cross lines and micrometer
-eale L0 oo divided in 01 amd oa gange for omeasuring the distanees of the
twa seales aml of the two apices of the lenses from the slide W, divided up to

il mum, reoding: by vernier lo 01 mou.
The whaole apparatus, in case fitted with lock M. 380, —

As this icstrument possesses all the essential features of & large-sized micro-
-eape grand, it may with the addition of higher powers be nand as 4 micraseope
proper, especially for physicel research, in particular for determinalion of f[vei of
wierascape ohiectives, oculars etc according to usnal methods.

If the instrument be intended for wse in thiz maoner Leyond e original
limitedd purpoze, it ia advisabic to add to it 2 condenzser and irig-diaphragm
(price BI. 40.—) which fits into a sleeve fixed to the under side ol Lhe sluge.

No. 19. Abbe [hla.lnmatur, for determining after the mannoer
ol Frzgaw the coellicients of expansion of solpd bodies.

{The general arrangement of the dilatometer iz shown in Fig. 16 on the
following pege,  Figo 18, po 33 illustrates  Lhe path of the mye. Fig. 15, pag. 52
represents Fieear’s adjusable tripod stage)

This dilatometer was constroeled by Prol Avse m 1884 aond wos lowi de
seribed by . Wrmmsmann n a paper contriboted to Wiedemeann's Anvelen 38, 1 455,
185, which al=o conlams a few nobes conceroing measuremen s of the expansion of glasses
mads with the apparatna. During the last twn years the apparatnz has heen utilized
by Do Powrrien o awmervus determinabicos of the coslicients of expspmien ol
rlaszes mada in the Jena Glass Warks The resaltz of these measarementzs have
parctly  been published (D, Scnovr, “Ucber din Awsdehmong von {7lisern nrd fiber
Verbundglas”, Berlin 1802, and Purrricn, “Lichtbrechung des Glases", Wiedemann's
Aupalen 15, p. 954, 18392, "Lhe experiences gathered trom these rescarches have givon
us abundant opportunity of carefully testing the arrangement of the apparatus and
to remove any deficioneies whieh beeame notieeable during usage. The new apparatus
now ficted up in our laboratory 1s calemlated in its present form, as comparad with
the temporary instrument which preceded it to satisfy the most advanced oxigeneies
ay regards case and precision in taking the readings.

A detniled dozgeriprion of  the dilatomerer and ita mode of manipnlation will
shortly be published in the Zoitschrift filr Inziramentenkonde.

Arne'e dilatometer differs comsiderably from the original arrangement of
[F12BaU '} in several important respects, The modifications to which ABBE has

1) which has Lsen introdused in a slightly modified forw in the burean inter-
naticnal des poids et mesures by the |n1.=e:at|gat1:rn-g of Brxorr “Etudes sur ' &[lpﬂ.l'ﬂ

de Frzear ponr la meanre des diletntions”, Travanx ef mémairss eto. 1 1BE], and
“Nouvelles dtudes ete” bad, VI 1853,

Larf THheizo, E'Fh'f-:tu E’J:'wftffﬁﬂl. Fenia,




Dilstometer (No. 19).

Y Full Size.
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subjected Fizeau's apparatus tend to essentially simplifly anid quicken
the process of observation but also to enhanee the delicacy of

the measurements,

These wunprovements envolve

1) the simultaneaus cmployment of movochromatic light of two
ar more wave lengths in observing the posifiong of the
systems of strigse corrcsponding to each of these wave
lenothe, and

Sy the determination by mierometric measurement of the dis-
placement of the strige produced hy a eertain difference o f
temperature.

In the first place the illumination is net, as in the cuse of FIzEAU aml
Bexorr, effeeted by monoehromuatic Qames (sodiom lighty bar by the projection
of spectroscopically Jdeeomposed light upon the interferenee
apparatns, This arranzement has the advantaze of admitting of the cmployment
of luminants, such as (GEISSLER tubes, which in themselves wre nol mono-
elivamatie bt possess o greater intensity. The most important feature, however,
i~ that light waves of «differing lengths are simultancovsly  broonght mto
operation.  This renders it possible to deaduce by caleulation the entire
multiples of the displaced striae from sueeessive observalions e
with twao different eolonrs ol from the ratio of the wave lengths of the rays
etnployed.  Changes which ecenr in widely separated intervals way thus be
complerely  determined by solely olhserving the initial and final
position of the striae, continuous observation of the rchanges  Tor
aseertaining the number of displaeed strine heing entively dispensed with.

Furthermore, AEBE fixes the position of the striae, unlike Fizeau aml
Bemorr, who estimated the relative posilion of the striae with respeect to 2
number of fixed points, by means of micrometric measurement, whiel
has the advantage of being both more wethodical and practical,  In order to
ohtain sufficiently exact results, Fizeauv determined the relative position of the
striae not enly with respect to one but 1), HENOIT as many as 25 to U regu-
larly arranged fixed points. This method is both very inconvenient and ecoupled
with many disadvantages. Awppes dilatometer has only one such
marking point, viz. a small ercular dise of silver with sharp edge and
about %/, wmm in diameter. For mierometric mensurement it is essential that
e striae be as rectilinear and equidistant as possible, which is easily obtained
by providing the object plate with an approximately plane surface,

The interference apparatus proper, FIZEAU's tripod stuyge, is
shown full size in fiz. 17. It comsists of the following parts: I' iz a steel dise

Cash Beiss, Optifhe S0sthfritts, Jona.
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which is well annealed, 1. o free [rom internal strains, ofted with three setting
serews of equal lengrh reeated in the same manner and made from three sue-
cessive pieces cut from the same steel vold sooas to ensure greglest possible
umiformity of expansion ; O vepresents the ohyeet whiel s to be examined and P the
elisa plate cover provided with pline sTightly
imclined surfuces: to the lower of these surfaces
s attached the above mentioned silver adise (i),
The gluss plate cover i placed upon the poines
of the three serews while the object plate O,
whicl ba= approsimalely pluno-parallel sarfaees,
5 wade to rest upon three points projecting from

the steel tripod stage (T The stratum of an

separating the olject aml glass cover s eegnlnted Dy

Fig. 17.
Inlerferemoe Apparsius. menns of the three serews '), To prevent the three
Full Size, serews fron working loosze, they can be fixed by

three =mall =et serews samnk into the staee 3
Ly means of these the positon of the serews mey be fixed withont straining.
Im order that s same teipodd stage oy alzo be used f9 absolante nieasure-
m e nts (longtudinal expansion of the serewsr. the winlerside of the steel plate

is gronmd and podished perfectly plane

The arrangement of the optical apparatus is as follows: T
the anfterior foeuz of the ohjective € (Fies, 16 amd 18) of a telescope &
fixed ina horizontal pesition is placed a iotally refieeting prism (o which iz
tlwmanatel fronn the side by oo souree of light (GEIZBSLER tube flled with
H and He vidl. Noo &oof this catalogne; by means of an il luminating lens L,
all these parts being rvigidly conneeted with the teleseope. The ravs meeting
te prisin g Torm o 4 tiees mognified fmage of the luwninous section of the
GirpsspeR tube and bave an angular aperture which corresponids o the size of
the objective 0, the latter being thus completely  filled with raya. The
parallel peneil ol rays emerging from the objeetive passes through two flint
whusz priswms P,oand P, with herizontal refracting edges, the angles of which
have been computed so as to make the tolal deviarion of the rayz of medium
refrangibility equal 1o #)% By raising and lowering the telescope by means of
thee serew 8, the homogencous pencils of rays of diferent coliurs are soe
cessively nade to emerge from  prism Py oinowovertieal diveetion.  The axis of
rotation of the teleseope eoineides with the line of intersection of the two prism

1} Fig. 17 represents, through an error of the engraver, the threads of the
three setling screws fur too coarae. The piteh of the thread is in reality anly
02 me. -
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aurfaces facimgr caeh other. Thus the system of prisms ndjusted so ax
to produce minimum deviiation with respect te a particular

colour, will al=o in any other position of the telescope prodoes

minimum deviation with respeet to that peneil of coloured ray s,

i PiE.rf AEN ST

Fig. 1%,
Pulh of HEays In the Dilatometer.

That peneil with respeet to whieh the apparatus has been adjusted. enfers
vertienlly inlo the poreelain tube (R). This poreeliin tube terminates in
a brass casing (@) into whieh is placed the Fizeav tripod stage. The rays
s through e opening of a metal slide (3} whieh is infemled to prevent
loss of heat due to continouns radiation npwards and is only opened
while the readines are being taken. Thence the pencil proeecils through a slightly
cuniform plate of glass (¥) pluced in the upper part of the casing and provided

Casl Sniaa, Optifdhe e hfritie, dena,




24

with plane surfaces inclined to each other nt 21 The position of the refracting
pdoe is marked by a line drawn parallel to it upon the gliss. The plate 1=
mounted in such a way that this line is placed at the right hamd side of the
olzerver and alse so as to exclude displacement of the plate during transport,
The deviation of the pencils of rays produced by plate Vis compensated by the
wlass cover plate P of the Fizeav stage, which also has its plane surfaces inclined
it A o each other, provided that in adjusting the interference apparatus care
be taken that the refracting wilee of the glass cover plate (P) whose direction
i= also indicated by a line drawn parallel to it, is placed at the Teft hand side of
the ohserver, the cspressions “right™ and “left” referring to the position of the
nliserver,

The rays being refiected normally by the lower sorfiee of the cover plate
il the npper surfuee of (he olject return by the same path into the teloseope
and form in the foeal plane of the releseope objective two partly superposed
imawes ol the apertare illuinated by the prism p. In oriler that The aper-
ture may be aecurately Foeussed, theobjective ) is made to moave
in the direction of the axis. By slightly turning the prism Py tor Fy)
these two imnges, which are viewed by an ocular at the back of F, may he pro-

jected into the frec aperture immedintely heside the prism p. As soon as the

mages have been placed in their correct relative position, the strize ol inter-
ference hecome ulresdy visible (o the naked eye.

An dris diaphragm J iz plaecd fmmediately bebimd the prism g The
center ol this trie draphragm is made to exactly caincide with
the edze of the prism and the optical axis of the telescope. In
finding and adjusting the images due to reflection, the iris diaphrogm shoold be
fully npened. Tn this ease also the inage due to reflection by the upper surface
of the cover plate heeomes visible.  The* reduetion of the aperture of the iris
diaphragm — which may be adjusteld by eans of an external seale not only
panses that reflected imase and all other extraneous light to be
cut off hy the dizaphragm but alsn allows of all rays which are ineident
i e prism only those to he transmitted  which emanate from points lying
‘n the proximity of rhe axis: (he ddistinet:on of the interferential striae
produced by thiek plates remders this limitation necessary,

The enrvainres of the objective lens @ have heen chozen in such a manner
az to avoid indigrinemess arising from reflections o the anlerior mul posterior
sirfacee of 0. The first, concave, surface having a radivs of eurvamare equal
o the foeus, produees an image whieh Ly placing the objective slightly oblique,
iz projected behind the prism p or the irvis diaphragm.  The image due 1o the
seeaml surface lies immediately before the objective and, owing to the great
divergence of the rays, pradueces only the elfect of slightly enhaneing the general
brightness of the field.

e BEE = STY
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The interference apparatus is adjusted by means of a spe-
cial adjusting telescope fitted with slit and reflecting prism (F,, Fix 16),
which is supported by bracket 4, fixed to the main standard. The FIzeav stage
placed upon the foot plate B rests in thiz case upon three setting serews with
revmnded
of these hrousht mto its vertical position with respect to the axis of the telescape.

points  screwed inte o plate supported by bracket 4 aml 1= by means

In order to adjust the tripod stage it is sullicient to netice
the position eof the images, due to reflection, of the =lit
Anminated with white light, The adjustment heing comjleted, bracket 4,
which is meule to swing on a vertieal axis and is fitted with stops, i= swung
it £ as to bring the triped stage under mbe K The tripod stage may then
by rack uml pinion movement £ Le ruised into tube B and plate B conneelu
with the casing @ by u serew union, the eonical shoulder of B being tirmly

gerewed into ite comical seat in G

The following directions may aerve for the adjustment of tha
interference apparatus with the aid of the adjusting teleannpn: Let the thaek-
ness of the stratnm af air be less than 0.1 mm and let elan the three 1mages, produced by
roflection, of the ceular slit ba visible in the voular deld of the ad jnating tolescops,
ihe slit being parallal to bravkel 4 and receiving ita light from the Jall (or right).
Tt alsn the glass cover plate be so plancd that the line drawn apon it appnars
on the right hand side of the observer slanding before the adjusting telescope and
let this line be nesrly parallel to brackst 4 Then the firsl requirement iz that
also the relracting edge of the air wedge shall be parallel to bracket A, in order
that the strise may he wvertical in the field of the reading telssuupe proper. To
avoid crrors respeclicg the direction of the displacement of the striae, it i3 a good
plan to lez the refracting cdge of the s wedge alwavs point towards Lhe sams
side. either to the righl or to the left. Let, therefore, the air wedge have its
refracting edge in the opposite position to thal of glass cover plasa P, then the
same rule alwave halds good for the relative position of the three imeges: 1) the
image of the slib doe to the surface of the chjsct, which muy L sasily distinguished
[rom the other two images af the slit by removing and replacing the glass cover
plate [the latter images being st fixed distances) mnst in all cases e brought
topether with the image of the alit an the lelt; 2 the two images of the slit
mast with their entire lengils be so placed one beside or above the other
that the #rsc usmed ioege always appears on the right Land sids of the second
ingpge, — Dy illuminating the alit with sodiwo i=lead of white light, the appearance
of the strine may bo exsmived, the simple lans having previously been removed.
"The amount of superposition necessary to abtein strias of a suitable width (say 1 tmrm
of the micrometer) for mensuring is fixed for all future cases by a single prelmunary
axnerimant.

Assuming the interferencs apparatns to be wdjusted in the manper described, the
displacement of tho interferential suiae viewed by telescope I’ ants s follows, If the
gtrine be displaced in a direction from right tn lett, the iuferemce is that the stratum
of air has inereased, i ¢ the expansion of the screws is greater than that of ihe

Carl Heles, Optifche Wackflatte, Jena
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ohjoct.  Convorselv, wandering of the striae from lelt to right indicates diminalion
of the stratum of air; the -e.:q‘.auuiuu of the screws 15 in this case le2s than that
of the nhject.

While the spparatus ia being adjuzted, bracket A ecan eagily be fixed by merns
of o pin (not shown m the Gguree) A dish lined with velvet, which 18 supplied
with the apparatus, may in a most expedient manner be temporarily attached to
beacket A doring the adjustment of che trjpod stage. It 18 intended two act as
a gusrd preventing parts of the interference apparatus from dropping upon the
gﬁ.'n.und. It will also be found a useful recepinele for accessories, such as the
focussing lems, fixing pin ete.

The witth of the strigze and the position of the silver dise
within the system of striae is measnrad by a small special tele-
seope (), which is substituted for the single lens.  This telescope lias fittel
to 1t a merometer screw (M) owith draom divided in 00O parts and pointer and
alz0 a short domile line drown open clase which may be brought to coineile
with the single lines of interference and the silver dise. Dy meznz of the
aljustine: serew Foshown oan Fige 16 the telescope wmay be turned ahomt g
horizental pivat so as to obtain the correct position of the mark. A single
mieroineter reading taken of the relative position of the
striae and the silver dise envolves awn error which Jdoes nal
cxceerld the Y, .5 part of the width of the striae. The changes in the
thickness of the stratuim of zir are thos iwdieated to the approximation of aboul
A aaeany ml. — The thickness of the object plate and that of the stratum of
aiv can eanily be ascertained by weans of the thickness micrometer (No. 15
in this catalozue).

The last appenduge 1o be deseribed is the heating apparatus (Ih),
which i3 a p'Arsoxval thermostat specially adapled lor the dilatoogcter,
The casnpg is fillel with water or Lnseed cil.  If the latter be used, the temper-
afure may be raised bevoml 2000 C0 The towperature 1= taken by & thermo-
meter (P suspended alongside of the poreelain tube K The inner ehamber is
closeil by scmi-cireular hizes so shapol as o clsar obe B oaml the thermo-
meter.  The heating  apparatus = envelopped in a couting  of  asbestos  mell
bl o minnise radiation of Lheat. The apparatus may be conventently raised
or lowerad by means of o wineh,  Detatled ansbrnetions for woerking the thermo-

stat are supplied with the apparatus,

Mig. 16 shows the apparatus mounted so as to be suicable for ohservation
inasitting posture, The foundation stane i3 30 em high. By increasing the
higlll. of this stone the apparabus may, ol course, algo be used o an ersct posture,

The whole apparatus, inel. o GEISSLER tnbe flled with IT and Iz (iNoo 3
in this eamalnens), withont thermmnetsr . M. 1040.—
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Note: For eonneetion with a hot air chamber, the optical part is also mounter
by us in & different meuner so as to have the prisma in A horizontal position. The
hot air chambar used by Benorr consists of o series of concentric metal cylinders
the sides of which sre fitted with glass plates arranged slong o horizontal straight
line,. The rays pass normally theongh these plates and are by means of a reet-
angnlar  prism reffested downwards upon the tripsd stage plaeed in the interior.
A dilgtometer adapted by us to an existing heating chamber of Dexcrr's type has
already heen fitted up in the First Division of the Imperial Physieal and Techuicsl
Iustitute in Charlottenburgh

No. 20. Apparatus for observing curves of inlerference pro-
duced by glass plates (Fig-. 11 and 20,

By means of this appuratus Fizeap's curves and MASCART'S rinugs oa-
hilited by nearly or perfectly plano-parallel plates mny be observedl nmiler con-
ditions  whieh miny be securately determined and which may be maodifned so s
te suit the mature of the ecase. A detailed deseription ol this apparatus has
heen published by D, Caaeskn, Zeitecheift fir Instrunentenkunde, 1895, po TEL

NEWTON'S (or [Fizeav's) curves of interference, which are pro-
duced by varialions, due to oseillations in the thickness of the plate, of the
ditference of the onndulatory phases of
riys  reflectol Tom the front and back
smrfaee and which appear in the vieinity
ol the former, are only in that case also
the curves of uniform thiekness of the
plate, when the raye meeting the plate
have all the same angle of incidenec
For varicus reasons normal rays are
thee most snitable  for |11':||It||'ii|,;1 JITESE
curves,  Acconlingly, o monochromatic
luminumt  plaeed  behind  serecn M al
the sidle of the apparatms is, by means
of w reflecting prisme P, refllected info
the anterior focal plane of a system of

lenses (), whenee Hhe  peocils emerge . Fir. 19.

with their axes parallel to the axis of 1 Pull Size

(Fie. 2. The plate which

is to be examined, is by weans of spring elips ottached to the adjustable staze

the sysbem

which is approximately mounted in the second foens of the system (L By wl-
justing the inclinations of the stage the plale way be set at right angles to the

e
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asis ol the system. This is accomplizhed when the ~enii-ciren lar image of
that half of the aperture at F whieh is covercd by the prism,

has its diamerer exactly superpesad by that of the other half

e If the waperture be corractly placed in

e . the focus of () and it the tost plote bave plane

1 ¢ : ’]" s bp surbaces, the aperture and its image must simul-

o L __l-!l-a: z;: 3 4_,:-"’ taneanaly appear sharply Ll!:ﬁ:.:::l. LI tins ].".'I:ll:rt

5 o 'I";d - .?‘._._‘ the case, the necessary -:r.:rrer.t]nn nay I_-:; effoor-

| W U ad hy lemgthening or shoriemung the diaphragm
Fig. 20, draw tube E.

The greater the thickness of the plate whieh i= to b exaninel, the
narrower st also be the ineddent peneil in order that by too wreat a diversity
of effects produced within each pencil, the phenamen Le not destroyedd. Accori-
inwly, the apparatus is fitted with a plate S provided with vorions  siael Liolos
DD, which slides in a frame & fised below the refracting prism and hy
means of which the apermre of the pencils wmay  be Fmiled according to re-
quirsinent.

The rurves heeome visible by looking towards the plate thromgh the an-
eovereld seiieirenlar aperture I of the diaphragn:,

Wirth plana-parallel plates of very high perfection. in whiel
["1ZEAT'S striae are 1 cw apart or enfirely aleeol, the interterential rings
st deseribed by Mascart wmay be viewed. These are due ro variation in the
difference of the plases produeed in peneils of parallel rays of varving ineli
nations in one eertain place of the plate. These rngs become, there-
fore. vigible in the foeal plane of the system © itself. In order that they may
be viewed, the plate und illominaiion should be adjusted as before and the lens
L be placed so as to focus the plane of the diaphragn; then on removing the
sl 8, & systent of concentric semi-cireles will be pereeived In the plane ol the
diapliragm, the eenter of whieh may be either bright or dark, It it remain
unchanged while the plate is being displaced upon the stowe, this shows that
tie voriadion of the thiekness of the plate along the path of the displacement
is less than 'f, 4 in glase, Whenever the dillerence of thickness is exactly
'/, A, the center of the circles passes from brighmess to dariness or viee versa,

The aren of the sorface brought into eperation should be diminizhed in
@ measure a3 the inelination of the twa surfuees of the plate inereases. in
orider that the differences of the phases due to different thicknesses of 1he plate
may net newtealize the inlerforential enrves,  This limitation of the effeetive

surface is obtained Ly a very narrow aperture in the senlir eap of the lens L,
M. 114




No. 2I. Apparatus for demonstrating the comnection between dif-
fraction and the image of an object (Figs. 21 and 22),

The apparatus is essentially a haorizontal microgeope fittedl with an objeetive
of very long foeus, hy means of which objects (viz. gratings) are viewedl by
tran-miftledl light.

The objective which is composed of two similar achromate lenses mounted
ar the ends of tube M, las a foeal lenzth of abont 25 em and an aperture of
abont 20 . Tts foci are situated ar O and I respeetively. The ohject is

Apporatus for demonsirating the eonnectlan hetween dlffraction snd Uee
fmnge of ao object (No 21).

ab, Y. Tall Size.

plaeed at (). The real fnuge formed at D Ly the oljective of the FRADNHOFER
diffraction phenoimena produced by this ebject, may be viewed by means of a lnngel
lens Iooand stopped  down teoany desired degree by means of various deviees.
The virtual imagze of the ohjeet itself formesd by M 05 viewed by means of
teleseapis Fowhiel is made o take the place of the ocular: for quickly throwing
it into and out of aetion it is mounted upon a pivan

The objeet is illuoanated by means of a condenser system O which for
reasons of convenience has a focal length equal to that of M.  Any hright
lnp may be used as an illuminant. In the anterior focal plane B an -
justable  slit or iris diaphragm imuy be fixed and by lateral movements of

these all the effects of central and oblique illnmination may be produeed.

Cal Sopies, E'].'lﬁ- rq.ﬁl-r ﬂ{%-g;’;f{dl‘h_ dena.
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The abiect stage @ i3 made o swivel on o vertieal pivet for demonstrating
ihe dilference between oblique position of o eentrally illuminated oliject anil

normal pesition of an ol Liguely illomnated object.

A detaied deseription of the instrument will shortly be poblished in the
“Aeitzchrift fiir Tnatrmumentenlkonde™, vid, olso Dieren, *Das Mikroskop™, 27 ed,
Brunswick 1282, p. 1dd—I11L1.

The apparatus may also be used for objective demonstrations.  In this
msl oL lpwer power orular should he placed on the telescope amd sun light or
cloctrie Hehr shonld be sabstitared for the e

The apparatus is supplied together with B specimens, viz, wratings of varions
fme reprodueal plotographacally . with the aid of whieh =everal particularly
characteristie experiments illnstrative of the theory of secondary delineation may

b made,  These experiments are shortly ddeseribed in the following paragraphs.

The whole apparatus in case fitted with lock M. M),

T'he st important  experiments which may  be made with the speei-
mens are:

I Specimen., heing a narraw aingle parallel grating  Place the
glit parallel v the dirécuon of the lines and let omnly the central and one lateral
maximum of, the first order onter the ohjeetive, Tt by meoans of the sliding
diaplragms only Lhe central non-diffracted light emter so as to exelnde the lateral
apartra: them anly nppiform illomination of the ooular field will be Lbe rvesull; this
is the case with this as well as any other speeimen. The addition of a laneral
apeetenm 18 sufficient to reonder the strusture visible .

If tha effective apsrturs of the ohjactive be redoced to the distance of two
alpomning  speclra aod 10 (be llumimsaticn be eencral and sufhciently narrew, onlv
onn apectrum gona Bo form the tmage: mw tlus case
the ocumlar field is of oniform brightness  If the
slit be displaved wutil its image resches the margio
of the effective aperturs, then the spestrnm neareat
bo he first spectrum alse eolers the fres aperiure and
the atrnctnre again hecomes wisihle (this caze illusrreates
the effect of ebligue illumination) The same
reault iz ohrained by opening the sht in e central

Fig. 2. position, until the lateral maxime reach into the aperture
s Full Size. [row both pides (effecs of illumination by wide
pEnalls) .

If the aperture at 1) of the cbjecuve be left undimwinizhed and if only the
cunbrul (non-diflrasted) lighs be oot off by o ercss bar, tho distance of the remaining
rtlicient  apectra  becomss donbled and econsequently the image is a grating
which 1s twice a5 line as the actunl greting.

i
{
i
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g Bpecimen. Single reciprocal parallel grating Ratio of the width
ol the cross bar (o that of the shil o the lower ball of the liald 1 : %, w the upper
half 2: 1. The spectrum of the grating which is visible at J) consisis in the
prineipal naximum and soveral lateral maxima, provided a sufficiently narrow slit
e placed st B parallel to the lines of the grotings. The 5™ &9 ete. apoctenm on
either side of the bar have zero intemsity, i e do nol exisl, Witk respect to the
intensity of the remaining lateral spectra it is immaterial which of the two halves
nf the grating is made to form the image (this alternative may be effected by elosing
the uapper or lower halt or che grating by meang of o card); only the intensity of
the principal maximuwm (nom-diffrected light) varies according to the two halves of
the objecr, being grester in the case of the brighter half. The stoppage of this
principal maximnm by means of a thin bar or thin needle fizred with wax has the
ellfoct of muking the imoges nf the npper and lower holves of the
nbject eyqual, i e the efect is that of & siuele parallel pratiug (ratio of width
of bar to that of slit 2.1 with diminished contrast) viewed with the islescopa F\

A" 8pacimen. Reciproacal parallel grating Ratio of width of slit
ro that of bar mw both halves of the grating == 1: 1, the upper half being displaced
one width of bar with respect to the lower half. Difraction may be zean at JD,
the aame slit heing used as before: again we have an achrematic principal maximum
aud lateral speeirnacopically decomposed maxima  The 20 4% gpectrom at either
side have zero inisusivy, they ave, therefore, invisible. By stopping the non-diffrastedd
principal maximom, a series of specira remains wlhich ave throughoul of deuble the
distance as compared with that of the principal maximum and its two adjacent
moxima.  The image viewed with the welescope represents a grating whieh is
twice as fiue ns the renl nhjeet (i, n s the ohject seen withont the stopi.
By adjusting with exlreme esaciness the rstiv of the widih of the bar to that of
the slit in the grating and by carrying out the experiment with extrems ecare, the
width nt" the lines which are very fine in any case, becomes 0, i. e. the field
appeurs to be nniformly bright within the limita of the grating

4" Bpecimen. Gratings crossed al 90% AL B replace lhe sli by
a rirenlar diaphragm or an iris diaphragm, and do the same at J). Stop all spectra
with tho exeoption of the principal masimum. Then all differsnce of stroctare will
ke found lo have disappenrsd from the imege viewed hy #. The iris diaphragm
boing opened at D), the jmage successively approaclies, as in the case of specimens
1, 2, &, in appearance that of the merely geometrically magnified ohjeet. If all the
spectra be atopped with the exception of a seriez of zpectra which mav be vertical
vr horizoutal or inelined at 460, the offect peaduced is that of A single parallcl
grating of siriae which are horizuntsl, vertical or inelined ot 46V, By stopping
the prineipal maximum, only the ratio of the intensities of the field becowe reversed
dnrk becomea bright, bright becomes dark).

™ Spevimen. Grating erosand at 60°  Adjust iris dinphragma an B
and [ as previouslv, Place diaphragm B centrsl sod adwit coly the Grst series
of diffraction spectra surrounding the principal meaximum. Then the image at [
will be gimilar ts that farmed by microscopes of high aperture in the casze of
Plevrosigma augulatme.  Admit pactinlly or wholly the 6 diffraction spectro: the

Sazl Teiss, E'Ptif-ah Qlechftatle, Jena,
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imaga will then have a changed appearance; this proves the amalogy of Fleuros,
ang. viewed with dry and immersion svatems.  Limit diffraclion to single series or
spectra grouped at different wogles; the image will cxhinit gtriation in n dirocbion

a1 ||-i5.;'||| ;]1'L_-;|._-i_-' fo the sories of the difruotion Hpmeled s nnder 4

Buside these 3 specimens, the following two accessories will
he found uscful Tor demonstrating the mavnvner o whieh
variation of phases and reotation of the directian af un-

dulation in the diffraction spectrum a [Taets the image

Glass wodgo oompensalor. 2 similar glass wedges of small sngolaricy are
pemented  logether s0 as 10 hove their herisontal vefrocting cdge on opposite Allra,
thus Torming a plann-parallel plate. One lalf (right] of sne of these wedges is
derached and mav be moved from top tn boiiom by meaus of a micrometer screw.
This half of the pompound plate is capasle of nmdorgoing variation ol thacknoss
and retsrding power. [Tse speeimens 1, 2, 0, sel the sht narrew at B, adwit st B
anly twe spectra, Bocking out the principal maximum.  Ad-nst the cemparsator at J)
an N to eause one spectrum b0 poss threugh onz half the other spectram throvgh
lhe other half of the eompensator before reaching P

In the widdle or zeen }‘Jﬂ.-'-ilirltl of the right weldgs thess will be aniform
etaréation of hoth spectra; the image will therefore, appenr anchonged as when
viewed wiihout compensatar, T now the wedge be moved, the striae in the image
wonder towards cne or the other =ide. Dy inereasing the ameunt of the dizplace-
pient of the wedge and by unaing w hite light, the siructure may be ultimatsly made
to slisappear in either dircotion of the displacemest. If manoch ramatic light

he mael the efective difference of retardation 1= nnlimited,

Price o the compensacor M. 40—

Double quartz plates: r) 2.1 mm, b} 42 mm thickness, for placieg before I
in liew of the compensater, In other reapoets the sxperimeslal srrangement 3 the
aamie us befors. Monochvamatie illuminstivu rmodiom lights, If a) be used, the plans
nf I?".'.I]-Lli'rfut.i-.-:| of one af the spestra undergoce a rotarion of 459 in one direction,
that of thz nther in che cppositz direction to the same amount, the reanlt heing
that heth lose their pewer of giving rizo te inrarierem, oo sleuclore being there-

fore wisible at F If by Do nsed one of the cuoartzes ratates the plane of polari-

garion of sne of the speewa cshrough €07 ‘n ane dircetion, b ollier quarts thas of

the olier speetra thraugh the same wngle i the other direction, the result being
that the directions of pelarizaticn beeome agoin eomcident,  Lheve being only
o difersnce of phase of hall & wave length, Image at I the same as without
quartz plate but lawrally displaced as far as halt the widih ol one ol the sirie.

Price of each moupted double guartz plate AL 23,

Hermeans Poblz, Hebvachdruckere, Jena 1125

desi ® oa
Shair e

| em—

[ Vioe mRseiea il




	Page #1
	Page #2
	Page #3
	Page #4
	Page #5
	Page #6
	Page #7
	Page #8
	Page #9
	Page #10
	Page #11
	Page #12
	Page #13
	Page #14
	Page #15
	Page #16
	Page #17
	Page #18
	Page #19
	Page #20
	Page #21
	Page #22
	Page #23
	Page #24
	Page #25
	Page #26
	Page #27
	Page #28
	Page #29
	Page #30
	Page #31
	Page #32
	Page #33
	Page #34
	Page #35
	Page #36
	Page #37
	Page #38
	Page #39
	Page #40
	Page #41
	Page #42
	Page #43
	Page #44
	Page #45
	Page #46
	Page #47
	Page #48
	Page #49

