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a Laboratory Interferometer Equipment V
1. Basic equipment for gas measurement

Laboratory interferometer including 2 stands with columns and
base, without chambers

Four way faucet
Transformer (220/6V 2,2' with connecting cables)
Two small lamps F6V l.8"7 (as a :Dara)
Carry case for the laboratory interferometer

2. Basic equipment for measuring gases and liquids
Basic equipment as given in 1
Tempering trough and mixer
_Thermomter --- to - gradixt~c -valua-t.1with Calibraiodn

container for 4. liquid chambers

3., Chambers according to use
Two section glass chambers for gas

100 cm long with receptacle
50
25 "
10

1, Glass liquid chambers for layer thicknesso 80 mm
40mm
20 mm
10 =ra
10 mm with insertion for I sm layer thickness

5mm

2. Unpackir and setting up of the mechanism

After the ld has been unscrewed, it is placed next to the case, ready to
receive the apparatus, which, gnl .tta q .ths .h tku n.b.4, is
first taken out and placed on the two felt covered supports in the lid.

One then joins the sections of the supports (rods and bases) which are
located in the bottom and on the side wall of the case, and they are placesd
at approximately 1 m distance in the center of a 2 in. long work table, and
the instrumeat is carefully placed in the forks. The case is taken away at
thiq point. The ordered gas chambers are to be found in differeat containers;
a container with 4 spaces is anticioated for liquid chabers. It is imperitive
to conserve not only these containers but also the interferometer carry case.
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3. Description

3.1. Measurement principle

The appearance of liaht interference, which is caused by
measurement of diversion differences in gases and fluids, results from the
following apparatus adjustment:

The light ray stemming from a light source (1), a minute bulb 6V 1.8,,
lights up the crack (2) and continues parallelly after filtration through
the Kollimotor-objective. Light distortion sets in on the edes of the
thick double-diaphragm (4) located behind the objective. The low;er half of
the light ray, which cross the area beside the chamber (5), are led into the
distance cone (9) producing in the lens (10) the set lower interference strioe
system. The upper section of light rays rass through the double chambers (5)
and the compensator plates (6, 11) and also throu'h the distance cone and apoenr
in the lens as the upper, mobile stripe system. Both stripe systems ar-e moved
by means of an assistance plate, n a fine horizontal line.

If the light break is very different in the media found in the two chamber
halves, a phase displacement sets in in the upper half of the light ray, whicb
depending on the dimension of break variation, results in a complete disappear-
ance (a Fig. 2) or a more limited variation (b) of the upper interCerenco stripe
system.

As one changes the slant of the compensator plate (6 Fig. 1) the light
path becomes longer or shorter resulting in an equation of the variation of
the upper stripe system (c Fig. 2).

The two interference stripe systems are brought to equal positions and
similer picture by means of a crank on the compensator plate (6 Fig. 1), which
is moved by turning the measuring cylinder (8). The value of the displacement
is read in two sections and gives the measurement of break deviation between
the test and control material.

The movable compensator olate (6) on a level with an irmiovable comoensator
olate (11), brings the interferometric measuring to an exact zero method; the
light rays are identical for equal media in both chamber halves, i.e., they
reach the view point in a the same swinging phase. The readin7s on the cal-
culating cylinder are only to be read from this ,oint, the zero point.

3.2. Interferoreter

Fig. 3 shows the exterior construction of the loboratory
interferometer, consisting of distance tube. tube body with top and Kollimotor.
The Kollimotor protective can also includes the lirrhtin: C-ouiPmen-t. The other
optical parts of the instrument are stronrgly bullt into the interior of the
tube body. They have been individually describcd in the clarification of the
measurement orinciple in connection with Fig. 1.
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The pas chambers K t urcmperiw?7 trourhs for liziztd chambrs t tel
being placed in the tube, are secured by means of a set screw. Thesee
accessories are interchanaenble. One Ma. therefore co'iplete a Ps-interfero-
meter by adding the necessary sections for liquid tets. An extra adjust-
ment is necessary after addition of a tempering trough.

3.3. Test chambers

AS the gases and liquids to be measured, very frequently
contain acids, the test chambers are only produced out of gl es with welded
windows. The parallelity of the window plates is therefore established by
the most accurate test methods. Because of the great sensitivity of the
interfermeetri measure method and to retain constant work results,it is
very necessary constantly to use the chamberas in a position marked by a red
dot on the ocular side, while taking great care during insertion into theinstrument.

(Details given in 6.1 and ?I) The position of all chambers has been
worked out and attached in a way to be able to make future improvements
without having to send the mechsAnsm back,

§zh4nfht= are available as two section chambers in lengths of 100,
50, 25 and 10 am, The gas is introduced by means of furnished glass ouplings,
which are introduced into the chambers by means of conical filed ends, and
where possible, are stopped up with paraffin. The attachuents for the 100-to-
50 cm chambers eprotrude through gaps in the lid when the tube is dlosed; they
will be connected with the remaining gas ducts after attachment of the four
way tap which is provided,

Liquid chambers (Pig, 4) are produced in layer thickness of 80, 40, 20,
10 and 5 me, and also as 10 mm ohabers with a 9 mm insert and 5 mm with 4 rm
insert, The tempering trough and mixer and a thermometer are also part of the
chambers. The liquid chambars provide 1 cm3 of test material tor every 1 cm

-la an mw r elt cm te saeterialt
is available the 10 and 5 mm chambers vith 9 - 4 inserts are used, from which
the 10 mm chamber in Fig. 4 was produced. The layer thickness is changed 1 mm
by insert (a) by means of a parallel glass plate in each half of the chamber.

3.4. Reading procedure

The reading is taken from the revolving pointer (i Fig. 5)
and the measurement cylinder (2) in two sections. One first determines between
which setion markings of the revolvin pointer the upper rim of the measurement
cylinder is located, counts the marks as hundreds (0 to 3000) and to this adds

Note 1) laboratory interferometers of older models must in this case be sent
back to us to have the tempering trough added,

o3
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the amount shown on the cylinder with the value of one unit for each murk.
The data of both sections (14 and 65 in Fig. 5) therefore together give the
reading 1465 cylinder section marks (Teilstrichahstandender Trommel - T. T.).

4. Preparation for use

4.1. Connection of light source

The small lamp 6V 1.81 is connected to a transformer in
case of alternating current, which is regulated for 220 or 11OV or even for
an intermediate current as ordered. A single-pole press or lever sitch is
suitably installed near the eye-piece connectinw, into direct current is not
permitted by the V.D.E. laws. fie recommend procurement of a normal 6-V-
accumulator in these rare cases.

4.2. Setting up lighting

The interferometer is shipoed from the factory completely
adjusted, and it is imperitive that this adjustment remain constant under all
circumstances. After connecting the lamp, which had been insteO. ed before
shipment of the instrument, one may quite clearly see the two interference
stripe systems - however, more clearly the lower nonmobile system - in the
eye-piece. The only adjustment still oossible is a quarter twist of -he eye-
piece to equalize a limited, unclarity in the cenler of the picture usually
only noticeable in cases of old layers. If the light position (5 Fig. 6)
has chenged in what regards the Kollimotor slitseAue to transportation, or
if a complete readjustment is necessitated becaus- of a lamp change, one
may proceed as follows:

With a switched on light one may notice through the eye opening (1) the
picture of the light rays (5) projected onto the face of the protection
vrindow (7) by the lighting lens (6); this must be perpendicular, parallel to
the Kollimotor apperature (8) and if possible should appear clearly. This
position is easily obtained by turning and pushing the lamp fixture (2) after
loosenire, the screw (3).

The correct apperture lighting and through it a completely clenr oicture
of the interference stripe systems is only to be obtained by guiding an
assistant while watching through the eye-piece, in correcting the lamp position
by careful displacement and turning of the fixture (2) and setting of the two
adjustment screws (4). The two intexrrence stripe systems must be lit up
equally snd divided by a thin horizontal 3in: shadows on this line may usually
be eliminated by approoriate adjusting of the screws () and axial movement of
the lpmo. The set screw tightened after achieving the co-rect position.

5. General rules of operation

h- high sensitivity of the operation and the connected slight
measurement border of error, dependent on the chamber lerkth and lever thick-
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hess, is of prime importance in interferometer installation. I
The Preater the chamber length, the more precise the measurement, i.e.,

the measurement preoision increases with the chamber length. On the other
hand however, the measurement results are reduced by a larger Layer thickness, 4
so that the concentration of the added material of tested substance must not 4
pass beyond a certain limit. Before starting with a measurement scale, one

must establish, which chamber contains both the needed precision and the
necessary measurement extent. The best chamber length may be calculated
according to the formulas given below and the beat equipment of the mechanism .-determined. . . .. .. . . . . . . . . ..-
determreover, various rules and advice are to be comoled with for all inter-

ferometer tests (comparison substze, zero point, measurement process) which
are given in detail In S3ctt:: 5.2 to 5.4.

5.1. Fysical basis for chamber length determination

To determine the most appropriate chamber length for the
forthcoming tests one must first ask the following questions in case of gas

analysis$i'

* a. Mat mixture will be tested?

ab. What refractive indices, approximated, do the comnonents
have? (The values of the comparison gas nl and the added component n2 are to
be taken from charts, for example Landolt-Bornstain or F. Lowe's optical measure-

c0 Which % contents p... of the added components shall be
the highest r asured?

d. Which % contents Pmin of the added components shall be
the lowest detertined, or which determinatioa is desired! /

In every case one will be able to chose the chamber lengths as large as
possible so as to achieve the highest possible measurement accuracy. Yet
because of the answer to question c we conclude that the chamber can at the
most be

1 max r . +r"4k

long, so as to include the suggested measurement value p. % (5.5.10-4

wave length () of the light used to calibrate the interrometar, see Section

On the other hand the answer to d gives the lowest value for a chamber

C



must be at least

min 2.10-3 nm

Pmin (n2 - nl)

long, when one still desires to know the P-min of a mater'ial, or when the
absolute error of the concentrate measure should a u most be omin %. (in this
end 5.5.10-4 is replnced with 2.10-3 for simplification).

30
From the advanced formulas we obtain the ratio: 1 - ,

P (n, - n )

in which h stands for the number of interference strioes, which appear in the
eye-piece when the chambars are filled.

Example:

Answer to a: An air - C02 - mixture will be tested.

answer to b: The breaking indices are for air ( ithout C02 ): n1 - 1 :
292.10-0 for C02: n2 - 1 = 450.102

Answer to c: The gas mixture may contain up to 20,% CO
In which case the greatest chamber length may be:

'ma x  _,.5_ = 1,7.. 103 um -- 170 cm;

20.158.10-0

one may therefore use the 100 cm; the lon~est chamber.

Answer to d: 0.03% C02 must still be tested. The shortest chamber length
will have to be

2 .l - 3  2 . 10-3

lmin -M 0.03 158 -_ 0- 4.7 = 422 nn = 42.2 cm
0.03 . 158 . i0L 6 .74

one may therefore use the 50 m chamber.

One could still detect 0.01' CO2 in pure air in the 100 cm chamber with a
maximurm contents of 20 C02. This reaction sensitivity is different for every
type of material. For examole, when CH, or H2 is measured against air in the
100 cm chamber it is approximtely 0.01 0.03% with the 50 cm chamber, and
approximately 0.06 or 0.15% for the 25 and 10 cm chanibers.

The reliability of the measurement (mar,in of error) and of the measurin!
range of the chamber 1-rith can be seen from the summrwy below. It is thus
assumed that for any given length the same chamber will be used.

)/
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;..rber length or Margin of error Approximate
* "ayer thickness n2 - n1 measurinc ra•

400cam 2 30-8 0,.00005
50 , for gases 4 . 10, 0.00010
t25 8 .a 0.00020
:0 2 10_ 0.00050

90mm 5 1 ' 0,00123

2 liuids 1 1 1 0.00250" -l !2 0,00' ~ o5o00

'o-in - refractometer 2 0 -5 0.04000

,th measuremet prism I

. The margin of error in breakage differences of n2 - n are given in the
second column of the table. This value nearly represents a sectional strip on
the measurement cylinder (WT as aproximately 1/20 strip width in the greenlkght used for oalibrsation (Detail in Section 8).

- ven small chamber length variations from the nominal measurement must
be considered in very precise measurements so as to conserve the needed pre-
cision. These variations are given in milimeters with the symbol + or - on
the front attachment socket of the '-- chamber. indicating whether they are
to be added or subtracted from ''- -Anal measre. The exact measurement
is directly written on the L±quiA ;,iam ;rs.

The procedure of choosing the &r bar length or the layer thickness is
basically the same for liquid charbe:' as that for gas chambers described
above. ,.nere the breakage incidence *lalues for examrle onpai
! _id asra-ot-kornx, -onw v t approximately before work
with the aid of an Abbe- or dlp-refractometer.

5,2. Choice of the comparison substance

As a ceneral rule it is good to choose the comparison sub-
stance from samples with similar light brer'kin- and dispersion-oapacity, as
the samples are sectional, mainly in higher concentrations, it should be
added, that the sction values read off the meamuaring cylinder will be kept
low, as for ex. by this means one may dismiss the reduction to normal pr,s-,
sure and normal temperature during Pas mixt ure measurements. These factors
are stilt to be considered in vnrious elevations, even at mountain stations
or near sea level, also in mountain work.

?ure, dry and carbon acid free air serve as oomavrison gas durinS gas
tests,

0
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Low concentrate sontions, for examole tap water i compared to distilled
....... atc riv*r water, koainst drinking water, etc.

5,3. Establishig the zero point

The zero point, the stertine point for every interferometric
measurement, is that compensator setting by which no phase difference exists
between the riht and lft light bundle. It therefore is uninprtant vhnt

* gas or liqu id fills both chamber halves, as long as the same substance, i.e..
in this case the comparison substance chocen for the inensurem,-nt, fills both
halves, (See section 5,2),.

*asumir that the instrtment is aonlet set y ' u4o-TL.--oly-conre '

SO(%ion--5 n&5. a~wel as the followina 2 niats under 6 nd 7), the
complete interfe.-ence stripe system annears in the lower viewfled. A wide,
light stripe (the zero stripe) may be seen in the center; it is frAmied by
two very narrow, nearly black lines, the "L.inmn I. order". le tflso recom-
mend that the appearance of the two next Minima (i. order) be checked, for
these stripes must be included in measuriC of difficult samples to determine
correct installationt for example in the case of weakly colored qases end
solutions and in stron.er concentrations.

If the. measarewent drum is rotated until its upper edge is located between
the first and second section notch of the rotating indicatorl, a group of
colored stripes appear in the upper previously colorless viev arna. By turn-
ig the cylinder vey slowly, a spot will be found where both interference
stripe systems correspond completely, the upper being movable while the loweris sttic.

This procedue is to be follo~ed in all l t~tr measuroments, so that the
cylinder moves In the direction of decreasing numbers, thus eliminating the U

-..natural play in thie measurement setup. The correskondence of the two inter-
farene pictures may only be established when the cylindar turns on one or _

two stripe widths, bring _ the cnne cerefree oas 1ycsC- .
ia" . The movable picture is then brought back a few 0

stripe widths by turning the cylinder, and is set up as before coming from
higbhr values.

The procedure is r~peated and the corresponding data read off every time
as shown in Section 3.4 The arithmetic average of these values is the

Note 1) This position was approx. at the 10. section mark, or in the
neighborhood of 1000 TT, on some old Instruments,

Note 2) Only limited differences (I to 2 TT) will be encountered afer a
few exercise tests.

.- - - - -
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0 -mechanism's 0 point. It holds for the ci-cmstances mentioned in t- tein-

ning of this section and is only to be deterntned in case of complete eoual-ization of temporatu-e and opuesur-e. This circumstance is easily recognizeda few minutes after the chamber filling, by the straight, immob.e interference

stripes.

5.4. Measierment procedure

The measurement always follovs directl.y after esta-lishmcnt
of the zero point. This also indicates that the zero point must be ncwly
established for every single moasiLrment - daily Sor series measurements .

however before removing t compArison substance from the Sr-imberha!- -
-one must-&nrtirr-whthr the oornc-arison subsience or the mpaterial to be tested
have the greater light breakace; for basically, the substance .ith higher trek-
ae should be placed in the chaber ha!f closest to the measu-inq cylinder ,
therefore on the right hand side in the laboratory-interferometer, -

The pressure or tomperature equalization is waited for after the filling
of the masurement chamber (See Section 6 and 7), with substance. In general

*n only the lower interference stripe system has to be considered, as the unper
has moved sidevays durir the filling of the measurement chamber. The actual
measurement process consists of numerically calculating the sim of this move-
meat. This is achieved in the same way as that used to establish the zero
point. One must therefore only be careful to ha-e exactly identical inter-
ference strips opposite one another at the moment of reading.

The average of the data on the measnrment cylinder minus the value of
zero, is the measurement result, the value of which can be drawn from d eta
given in Section 8.

6. Work method for gas tests

The introductory explanations of the previous sectio on-inter-
---ferometrio-nreaeuemant~thboda~hhd precede the description of the work
method so as to spare the worker mistakes and wasted time. It is indicated
to q1so obviously review these explanations in the following.

6.1. Placing the gas chamber

As mentioned in 3.3, the eye-piece side of the gas chamber
is marked by a red point on the adjustment section, which must point to the
eye-piece when the ohs.ber is set in place. One takes the chaber with both
hands and places it carefully as nearly as possible in the center of the
tubAlar body so that the spring set-screw (5 Fig. 3) automatically catches
in the corresponding threaded opening, after placement of the cha-,ber the set-
screw is then tightened by light pressure.

Note i) B%1 this means one always has nositive measurenent results; otherwise
the placing in the eye-piece would only be possible under extremely Iow break-
age dif:,erences n2 - n .

! 1!
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6.2. Pre~pnr.-ition _-nd fi).iin- of a cns tnst

Il). strongly colored or dunt filled gasos --re to be elininte
from opticAl. tosts by use of the interc-rmp~ter. Ca'-hon d1.tiq e;43--17 -rcsted
bY the use of' a cotton wool filter. Such filters are- also to be recnrmmended
in cases where the qns 3srn)les ark? only: occasionHdly dusty. so as to guard the
Pas chanber window nnnes ri-ainsit formption of a dust layer through lonq use,

soon c'~s., the intezfrence picture to ano'e-, darker. ' iP:dsoto
of the interference pictur-e is caused by a~ co .t of vi.e vi7,o- on th- cl%-.r',hor
w~ndows. As water va,',or infl~uences the l~ight brerakn-e of a -7ls mixture, all
P83s s~mnl'es must be drited. by slowly pasin-, te snmp.e throuLi71 a '.a tube

containiIg "LRii-el" or' 00012. The gas sariole dryin- must be urn1taknw
special care when it his been preserved over wn'ter, 0or e. 1. le forced into
the interferomneter by a'hydrauic gas meter.

Air from pressure chambers is slowl-:y forced i;nto the chanIber alfter drawing
into asimall rubber pipe. The m,-asreent chamber is fo11lhe tlho upper
interfernee stripe system stops I'viandering"* Ioreover in all ca-ses where
one is working with a certa~in ':ressure, one Wiill 1,111ow,. the soeto f1 .avi
through the chariber, controlinZ the -as flow by lettinpg the 7as escoe throuEgh
a glass dish under viater, countin; t-he gas bubbles.

The saraole and the comparison -as -uzt definitely have 'cicnt;ic~cI uress'.i-e
for correct measure.-.-ents. 'ith t6-his in mind, vwhe;e 2-ossible, one all-cws t"'.4
open end of the com.par Lson chomTber to remnain in contact with the air by merns
of a Natron-chalk or calcium chloride solution. The samre in the ch~imber m~ay
easily be kept at atmospheric pressurec b,. al owing the -as stream Psin -
through the chamber to escane into the room throu, h an onen, level cap)illary
of approx. 2 rri interior cr'oss measuare of 60 to 85 cm le-n~th ].yinrg on the
tAble. Nio error throucgh diffusion can be noticed by this rrethodl, even in as
lizyht a gas as hydro'gen. The gas flow will have to be stopped b., a tta2 durinrr
each measurement, so as to be indcpendont of all pressure chai.-.ge3 in tne
approach tube.

Pres ,ure correction-s motivated by the rulin., air- oreas,'ze inl the inaxedi.Ite
vicinity are only of oractical imortance in cases o 'f obvious diver-ence from
normal atmosoheric pressuare, for exa mple, in. mountain work.

6.3. .Ke..sure-.-ent of 'flowing gase-S

;assage of the g-as thzour-h the ch.ber is r(ec,)!-:irened, h
the f~as to be rveasurcd show~s eXtra :csi' be it 'even very s-:,all -- to 1 o
disposed of. In s'ich ca-sez; cre' t va3'uc :n,.st be pLaced on correct r-tc'-
_n:%. This is drine b:,: m)asoing h gstro, Uealo zls -)i r 4-

meters. lon-v. wlbich is located in a water Con'Lainer* tap must' be loentcrd
behind this tema')eri og coil so as to contro"L the -a s fl.Cne ,,.iy che.ck the
-ior'kinZ of the tc:.perirg setu*L: by testin- 'Thether the interfelence stri~e
S'Stem Su;ddenly n.--iies its correct nositi~on zhen t-e 'UP- is closed or w.hrther

it only ;..oves towuv~rds the snnt~ after a certlin - e helatr d'cm

-4 e la tr0L c=



1*w

ntance indicates that the gas was not sufficiently pre-tempered when it

entered the chamber. k-oreovor the direction of motion also gives an aniwer
warmer gas has a lower litht breakaRe than cold gas. In general streaming
gas will not give a completely fixed result, as limited pressure chanes
always exist. Because of this, the tap between the tempering coil and the
gas chamber should be closed before every measurement. A grest imsortance
is to be placed on gas pu fiention from dust under this circumstance.

6.4. Specific absorbents for single gases

After a comlete pub) ication of the -olication of the
gas-interfarometer to industrial hygiene had ap e , =t e
-as.... thit~r l7 rkf kW edit on soild or fluid absorption media. with which
one may isolate one, and only or e, ineradient from a mixture, without caeisine r
chemical reactions with otb-cr ingwredients. However, one must assnn. for such
specific absorbents, that the only difference between the contents of the two
chamber halves in the gas interfhrometer consists of the presence f the
in-redient to be measured in the one or in the other of the two. 17 gqses
and vapors with the correspondina absorbent vereco.lncted in the table given
below from the study on gos analysis by F. fayer, so as to rapke these absorp-

"l tion media available to a greater public. ?.Pe are always grateful for any
further completion of the table through pr atinal work.

7. Work method for liquid tests3

As there is no appreci able difference between the optical proce-
dure of liquids and gas mixtures the rules given under Section 5 for both
states of aggregation are immediately applicable. Therefore, it is only a
question of explaiaing special points of mechanism adjustment and material
peculiarities.

7.1. Tempering trough and chambr6 placement

- --- ---- laboratory-interferometers which were ordered for gas and
liquid tepta, are delivered from the factory with a temperine trough built
into the tubular bo4y. 4 The eye-piece side of the trough is marked by a red

Note i) Lowe, F.: Geerbehygenische Anwendurgen des tragbaren Gasinterfaro-
meters in chemisch-teohnishen Betrieben. Chem. Ztg. 68 t1944) S. 144 ff.

Note 2) Bayer, F. Gasanalyse. In: Chemische Analyse. Bd. 39. 2.Aufl.
1941. Stuttgart: Enke.

Note 3) For interferometric liquid measurements (including, titrations)
See Fr. Lowe; lc. p. 271-Z7.

Note 4) The tempering trough must be adjusted (by chcng4na the four screws
with nuts in the floor of the tubular body) in cases of additional orders of
accessories for measuring liquids.

-10 --- 0
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Type of Gas Absorb-ent Type of Gs A absorbent

Ethylene Bromide solution Proylene0,, :iiich a9so
absorbs utVYl.-rne

i tmwonia Diluted sulphuric qcid
Oxygen j Alka 1.c oxvhydrochinone

Acetylene Alkali potassium- , solution ac;uord n to
iodine-merctury solu- I F. henrich (Cnl Chem.
tion 30 c .J + 25 23 Co. 4". ]15 2 C'1):

iIPJ 2 diluted in 100 1 1H f f.],d to
100 cm of wster, a 200 cm with .nter,
small piece of KOH add 4O ! triacetyl-
is then added -0o oxyhydrochinone unex-

mnke the solution osed to air oyen.
alkelic shake until lhe solu-

tion is clear (com-).
Hydrocyanic Concentr. H2So4  Bayers Look, p. 6")
acid

Carbon Active cnrbon

butylene 87' sulphuric acid, sulphide
which also absorbs 1

propylene hydrogen CuS-O in strnn
sulphide sulfuric acid solu-

Helium Deeply cooled "tion: 200 g cgncentr.
carbon-A H2SO + 200 cm3 -iter,carbonA I Cu-04 until balnnced

Iodine in Liquid potassiu.m o u

air carbonate solution 7 Iitrous oxide a. Freshly neutrrl-

2P, K KO in 15 c r ('0) ized Iron (11)
o disti water sulfate 3olutior,

1 *this 
however also

Carbon mon- a. Iodine pentoxyde takes nitric-oro-

oxide b. 125 g copper (1) : toxide (N20)
chloride + 265 -- b. cidified Bro-,-ate-
srr.oniA chloride or ootassium ;er-

750 cm3 water. , manganate solu-

added in the tion according to

used surface of ,Klemenc. Z. anorg.

a copner spiral Chem. 122 (1922),

Carbonic acid a. Potash lye, 28%,
b. weight

b. Hard grainy soda
lime

icte .) Revei.led h re (1951) with the kind permission of the gas institute
of the Technical College in ',rlsruhe.
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Type zf G-s Absorbent

Naphttalene olut-Lon of nicic itrous rnr- ee nitrous oxide under
vapor in acid in aaer (0.70%) Oxide a. and F. Bayer, P. 184ff.
licht gas at 00, cool absorp- I

tion container in A. By dean freezinZ40e water!I  b. O~rptninq Canlium

COz one 3% KJ solution, but 0. Bolue SI!MOS -el
O 2in 0. providus a with protective

strager solution clr epnrtv

1.b

0

1 lb

- -3--"



dot, which must point to the eye-oiece when installed. After attaching tlhe
trough by means of the set-scrvis (5 Fi,. 3), the included thermoneter is
placed in the left and the handle to activate the stirer on the right
(4 FiZ. 4).

The liquid chambers are taken from the' already prepared wood retainer,
which serves to hold filled chambers durin.g changes and cleaning, To place
the chamber in the temperinZ trough one attaches it to the two twisted pins
and watches that the two guide pins underneath of the chamber fixture enter
the corresnonding openings in the temperin7 trough by matchina the red points.

7.2. Preparation and filling of a fluid sarple

The temperino trough is filled to the 6er edge of the roudA
window with water, as dust free as ,ossihlo. Keeping- the water and thre sam3e
at an even temperature is not generally necessary, as the difference of break-
age incidence between samne and comparison solutiori is nrinci 'ai y -.irs,ired
in the interferometer. However, ore-te:frin of the sa7-'le to the _prcrature
of the water in the temoerin, trouirh has the advanta~e of bcinr n -rer.t saving
in time, as the correct formv...t.on of inte-fererce Actrr-L only )osstIe
after eoualization of the temperature of the s on of the ter: Z water.
The interference stri,)cs of the u o-er s%,stpm cannot be exvctly set bcforc th's
because of their continual rovements and distr-tions. Th- tc r:era;2re equol-
ization in the charber and in the tenrerature trourh - .icud*_, the nesiring
orocess - is considerably accelerated b./ turning the handle of the stirer
S4 Fir. 4). This procedure also resi.lts in dipnacing the air bubbles sls-
pended on the chamber floor, which disturbs the pas3age of the )ower light
pocket.

Use of poipettes with small rubber converters are best adapto~ i for fi llinr
of small fluid media. The 17illing should be conducted as s-arln-ly -s :oszcible;
it is sufficient to have the windows evenly covered. Certain de-eits or cloud-
iness in the sample may be removed by flterin , or centrifu.-7ing before the
filling, as far as permitted by evaporation haz ,rds.

'hen measuring non-watery solutions, which usually have a higher breahg-e
index than water, it is recommended to fill the tcnierin, trou~h ;'with a not
easily evaporating solution instead of wnter, one which has a brekae point
nearly equal to that of the sample.

7.3. Cleaning of the liquid chambers

The pipettos used to fill the chnmbcrs ere lso -ell ada:-ted
to cleaning. The remraining parts of the s-.:.)le are taken u- with smrall rolls
of filter. oer, a Lew drons of the ori ain.l solution -,, ,A.;u.i , re ued to rinse
and it is dried -ts above. Th chambers must nor be noticebly heated durinnz
cleaning; a tir:e loss would otherwise be unavoi-blie.

jctusal cleanin:: bt:tween tWo tests mny co;n'L,.Itelv v.m-ish r*riu-czenie

)2



tests, if one hr-s so muah extra substnoe tht one onn employ the first
f i linZ of tha second saw!.le as I cteanling t ediun. V-is process is only
used during: tests of similarrs:;l it forms the rule for all t Tpas of
water tetts.

One must be certain thAt no wator drops have rumnlnea in the tubular
body after completion of a series test, as the interferometer must be left
at night. The lioiid ehambers should also be emptied and cleaned out before
prolonged work breaks,

0
0o

K2
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8. Calibration of the interferometer for measurement evaluation

A calibration table or curve must be Qstablished for a nractical
evaluation of the measurements reached with the interferometer, this should also
be done for the instrument and for the studied material. The evaluation then
solely consists of readines from these tables.

8.1. Instrument calibration

The following intrinsic calibration follows without placement
of chambers and without tempering trough, by establishment of the zero value in
the white light.

Counting of interference stripes in monochromatic light.

The first work step is conducted according to the instructions in 5.3.
The obtained value approx. 30 section striD distances (TT) must be deducted
from the r;,jsurement values obtained in monochromatic light. One notes it
placed in the I calibration table (See below).

The lamp socket with the glow lamp (7 Fig. 3) is pulled out for cali-
bration with m nochromatic light und a uniform ouicksilver lemp covered with a
5461 AO filter is placed in front of the guardcap (6) opening.

The uper interfe-ence strip system is moved one strip at a time by
rotating the measurement cylinder during illumxination with light of the above
wave length, and the corresponding TT-value is read off. This value minus
the zero value for white light, ives the number of section values t, which
correspond to the stripe number h placed in the eyepiece.

Table I Table II

h t Z1t t h Ah
JLSI I

0 0 30 0 0 0.33
1 30 30 10 0.33 0.34

* 2 60 31 20 0.67 0.33
3 91 30 1.00

I . • . I

:Zero value for white light: 30 TT.

Note 1) We recovered the monochromatic B filter numbered CZ 32-845-1).
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The results of such a measurement series,, are g iven in the preceding Table
(o. 21). Here the first column contains the ne-set stripe valau (b), the
second coltmn the section value (0f after subtraction of the zero value, and
the third coluim the differents (At) between two consecutive measuremcnts.

As during measurements only one obtains T-values instead of strioa numbers,
from the T-values after subtraction of the zero point, one riust change Table I.
throug0h calculations, to the noint ubhre one can obtain stripe niubers of one
to two deoimals from the T-values. It follows that Table II. which anpropriatelj
passes for 10 to lOT-values, indicates what stripe numbers are connected with
these values. Small differences between the values of both Tables which result
from rounding off, remin without noticeable influence on the reasurement results.

Syithircatbrti tw reTm VsUlifieMb.the me- -rnsm- re- convted h
into stripe numbers h which are drawn on the wave lo nth 14 - 561 A', The
importance of the stripe numbers rests on the fact thpt during measurement of
certain materials they are only dependent on the chamber length -f 12.) ing. One
may therefore use them as comparison measurements for various interferometers.
In reference to this one also speaks of absolute instrument calibration.

20 very interferometer is delivered with a calibration table for the first
20 stripe numbers (approx. 6Wa) TT); it may be completed by the investigator
during use, according to precedizv remorks, for the total rane of approximately
3000T?. The complete absolute-calibration may also be conducted by us then soOdesired, if this is known to us at the time of the original order.
* 8.2. Calibration for the material to be measured

8.21. Empirie calibration

All the above exhaustively treated rules, such as
choice of a comparison substance, establishment of the zero point, placing of
chambers, etc., are of importance. in establishing the calibration curve, from
which one may draw the concentration of the measured material for r valutonW ,, measuFem6hnc:iyiid,

The necessary tests of known contents are now prepared in the most precise
manner possible. This'will be easy in most cases of liquids, it is often
difficult (See Section 8.22), to -roduce certain .zrs concentrates with suf-
ficient precision. W. Kinder deals with this by an appropriate process,
The calibration tests are filled and pressured consecutively in the same
chamber half (compare Section 5., 6.2 and 7.2). The TT-values read on the
measurement cylinder are entered in a table with the cor:.espoding concentra-
tions after subtraction of the zero point.

Note 1) Kinder, W. : Production of steam-concentrates in determining breakare
and in gas-interferometer calibration. Zeiss-q'achrichter. 2. Sequel (1938) S.7.

0
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One will notice, with certain concentrations of s-polementary comonents,
that with the usual installation in the eye-piece, not two but three nearly
colorless "iaiwina I, orders" are apparent in the upper interference strip
system. One is perplexed as to which installation is the correct onc-. soing
that the difference is a whole strin number, i.e., approx. 30 TT. If one
represents the data from individual measurement by a coordinate systen!, the
graph is expressed by a breaking of the straight lines, a so-ca'!ed "UM:".
The Jump areas are limited by the dispersion characteristics of the substance;
measurement errors do not result from this. It is only important to take
both readinas from the measurement cylinder, to take the TT-value roadirn every
t time and to note both values of t in the table.

% CO in air
2 I/

80 .-

70 ,

I /

50~

30 40 5 b 0 i 1-1

IO 20 3 o5o-oU 7 -o-o ]
Stripe nmbers h 0Lzi , ft

Measirement area).

Fi:. 7. Cnlibration curves indicating the CO2 contents in air for four
different chambers
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The curves have been snterod in F-',. 7 is an exatm)l]e, of how t rey can

result in calibration of a laboratory interferomet er with four q's charters.
The saae gas mixture, carbon dioxide in dry ai. was adoopted for all four
chambers so as to simplify the process. The T-valhes are changcd into striie
numbers h by means of calibration Table i, so as to shci, that a Ju arefa
always takes an entire stripe ns=ber. The accomnanyin; concentr tion Is also
Clearly ltgible in the Jurp areas, when one considers both possible settings.

It is further to be noted thmt J=ps a _nwys appear at th aiie strie
number indepen"ent from chamber length and concetrttion. The first jump
aria is located at stripe namber 32, the second, already beyond the reach

-*-_-of the-zsaesrement- acrew-at approx. 102, -Ineositiono' thbs- b an .. .s
different depending on the material measured, a number of Jumps, which have
nearly equal values, may appear in a calibration curve (for ex. the cali-
bration curve for Benzol in air, as given in the above mentioned work by
31. Linder).

8.22, Calibration through calculation

One is always advised to use calculated calibration when
*fl preparation of calibration tests are made impossible by some reason or other.

For this one must know the chamber length, the Working dispersion of the
comoensation ar-ranagenet in the interferometer, and the breakage force and

" dispersion of the materials concerned.

0As soon as the latter data has been accurately gachered, one is in a
position to calculate the calibration tables for chaning stripe numbers
into concentration percentages for the measured materials against return
of the net costs, and to attach this to the mechanism.

In most cases the dispersion values are not yet known with sufficient
precision. One may however calculate the calibration tables, but one must

_____& tbtoation nthjnparzaa t h~w_ warvd-- -- he-zeasure-
meats with the interferometer and procede with the correspoing corrections
in the calculated tables. The calibration curves in Fig. 7 were produced in
this mazner,

The stripe number h corresponding to the t value in calibrption Table 11
i8 taken for the measurement evaluation, through which the table set up
through calculation gives the concentration value of the mixture in question.

.12.
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