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F.1 Introduction

The MOLLER-WEDEL Goniometer Il can be extended by means of the optionally available spectral
equipment to form a spectrometer. This enables measurement of refractive indices of transparent glasses
and liquids.

Using a spectral lamp and slide-in filters, which permit selection of individual spectral lines, it is possible to
determine refractive indices as a function of different wavelengths.

Fig. F1 shows the Goniometer Il with spectral equipment.
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Fig. F1: Spectral illumination:

1 - Collimator tube

2 - Clamping screws

3 - Object slit (adjustable)

4 - Iris diaphragm

5 - Filter slide

6 - Lamp housing for spectral lamp
7 - Lamp holder, adjustable

8 - Holding bar

9 - Attachment screw
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F.2 Description and assembly of the Spectral lllumination

F.2.1.

F.2.2.

F.2.3

F.2.4.

F.2.5

F.2.6

The spectral illumination comprises the following components:
Holder for illumination unit (F1.8)

Adjustable precision slit (F1.3)

Iris diaphragm with brightness control (F1.4)

Lamp housing with spectral lamp (F1.6)

Filter slide (F1.5)

Power supply for spectral lamp (not shown)

S e o

Attachment of illumination unit

The spectral illumination unit is attached to the holding bar (F1.8) with the screw (F1.9) on the
collimator stand of the goniometer.

The adjustable slit (F1.3) is attached to the collimator tube (F1.1) and factory-adjusted in such a way
that it is precisely positioned in the rear focal plane of the collimator lens.

Insertion of spectral lamp

The inserted spectral lamp are commercially standard and must have a PICO 9 base.
A HgCd/10 spectral lamp is fitted as standard.

For insertion of the lamp, the lamp holder can be pulled downwards out of the housing (F1.6) . For this
purpose, unscrew the milled ring (F1.7) .

When sliding the spectral lamp into the housing, make sure that the lamp is turned into a position where
the discharge gap can illuminate the slit freely. Then secure the lamp holder with the milled ring (F1.7) .

For adjustment of the beam path, there are three Allen screws positioned on the bottom of the lamp holder .
These permit adjustment of the height and lateral position of the lamp.

Connection of spectral lamp
The spectral lamp is operated via a power supply (not shown) .

The operating current for all lamps is 1.0 Ampere.
Before first-time operation of the power supply, check the settings of the mains voltage.

Adjustment of spectrometer slit (F1.3)

The adjustable object slit (3) can be aligned to the remote tube (F1.1) by turning the collimator tube
after unscrewing the milled adjustment screws (F1.2) .

Iris diaphragm (F1.4)

For regulation of the slit image luminous density, the beam flow can be set in the combined beam path with
the iris diaphragm (4) .

Filter slide (F1.5)

Filters can be inserted in the illumination beam path for separation of the spectral lines emitted by the
spectral lamp. The standard version of the filter slide is fitted with 3 filters and also have on further free
opening.
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F.3 Adjustment of the illumination unit

You have to adjust the illumination unit in such a way, that the iris diaphragm is positioned symmetrically
to the optical axis.

Check this for instance with a white sheet of paper in front of the collimator. The spot has to be
concentric to the collimator aperture, when stopping down the iris diaphragm or the height of the object
slit.

Find a uniform illuminating object slit with the aid of the adjustment screws. Sometimes a turning of the
spectral lamp gives a good result.

F.4 Adjustment of the slit width

The basic adjustment of the Goniometer (Operation Manual Section C) must be made before the
following steps are taken.

* Align the collimator to the autocollimation telescope.
* Align the object slit to the eyepiece reticle .

* Slide the 546 nm interference filter in.

* Set the slit width to an appropriate value.

Chose an adequate slit width, which is small enough to resolve the wanted spectral lines. You get
the highest reading accuracy with an eyepiece, if the ratio of slit width to hair line width is about
1:0.6. If you use a CCD camera this ratio decreases.

* Align the telescope

precisely to the collimator (in collimation) , using the fine adjustment knob of the swivel arm;
note the angular position of the graduated circle.
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F.5 Making a measurement

Release clamping of prism table.

1.

2.
3.

P

10.

11.

12.
13.

Align the prism table such that its optically effective surfaces are positioned opposite the adjustment screws
of the table (Fig. F2)

Slide filter out of the beam (Fig. F3)

Find the minimum deflection (symmetrical beam path) of the prism (Fig. F4) . For this purpose, turn the
prism with respect to the collimator such that the beam passes through the prism at the two optically effective
surfaces.

Slide in filter (preferably 546 nm)

Slowly turn the prism and follow the slit image with the telescope. Continue doing this until the observed slit
image moves in the opposite direction.

Then set the reversal point (minimum deflection) . This setting must be made with the greatest possible
accuracy.

To check the alignment of the prism, slide the filter out of the beam path. It is convenient to check the
illumination of the prism surface by means of a light-colored piece of paper, which is held up in front of the
prism surface. With smaller prisms, the collimator lens should be stopped down (iris diaphragm or simply a
fixed diaphragm made of card) . The aim is to achieve symmetrical illumination of the prism surface.

The two refractive surfaces of the prism must be aligned parallel to the axis of rotation of the goniometer.
This is done by means of autocollimation.

Switch on the illumination of the autocollimation ocular on the telescope. Align the telescope to a refractive
prism surface and set to autocollimation. Align the prism with the aid of the adjustment screws on the prism
table in such a way that the horizontal line of the autocollimation image (reflected beam pencil) is within
the double line of the eyepiece reticle.

Repeat the operation described under item 8. above at the second refractive surface of the prism.

In order to check this, set the autocollimation image of the first surface again; if necessary adjust the prism
again.

Repeat the operations described under items 8 and 9 if necessary until the two prism surfaces are aligned
parallel to the axis of rotation.

As described under item 6, find the minimum deflection and fix the prism table. Use the fine adjustment screw
to find the exact minimum of deflection.

Align the telescope exactly to spectrometer lit.

The deflection angle 5 (Fig. F4) can be read-off directly by using the GONIOWIN software. In addition, the
angle can easily be calculated from the two absolute readings.
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F.6 Measurements and calculations

F.6.1 Fraunhofer's method

Measurement

The method described here for determination of refractive indices of optical glasses or optical transparent

materials are derived from J. Fraunhofer (1817) . This is called the minimum deviation method
(Fig.F.4) .
Fig.F.4)
% ¥
} Q

Prism

Telescope | Collimator
81 = 82

1 F6
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You have to measure the angle of deviation 5 (Fig.F.4) as a function of wavelength for the minimum
deviation.

1. Turn the swivelling arm in the position, where the optical axis of autocollimation telescope and

collimator coincide (0-position) .

Set the digital counter of the incremental circle to zero

Slide filter out of the beam path

Release the clamps of the prism table

Align the prism on the prism table

Position the optically effective surfaces opposite to the adjustment screws of the table (Fig. E1) .
Check the illumination of the prism.

For this it is convenient to use a white sheet of paper, which is held up in front of the prism
surface. With smaller prisms, the collimator lens should be stopped down (by fixing an iris
diaphragm or simply card diaphragm) . The aim is to achieve symmetrical illumination of the
prism surface.

Align the two refractive surfaces of the prism parallel to the axis of rotation of the goniometer by
autocollimation.

Switch the illumination of the autocollimation telescope on.
Align the telescope to a refractive prism surface and set to autocollimation.

Align the prism with the aid of adjustment screws on the prism table in such a way that the
horizontal line of the eyepiece reticle is within the double line of the autocollimation imag (reflected
pencil-beam) .

Repeat the operation for the second refractive surface of the prism.
Check the alignment of the first refractive surface, if necessary adjust the prism again .

Repeat the operation described above as often as necessary to get both prism surfaces
aligned parallel to the axis of rotation.

Align the telescope exactly to the spectrometer slit
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6. Slide the filter (preferably 546 nm) in.

7. Find the minimum deviation (symmetrical beam path)
* Turn the prism in such a way, that the beam passes through the two polished surfaces.
* Use the telescope (or first with the naked eye) to find the deviated beam pencil.
* Turn the prism slowly and follow the slit image with the telescope until the image moves in

the opposite direction.
Use the fine adjustment screw (A2.4 and A2.13) to find the exact minimum of deviation.
Pin-point this setting with the greatest possible accuracy!
* Fix the reversal point (minimum deflection)
8. Read out the deflection angle &

If you have set the counter to zero when setting up (see item 2) you can do it directly. Otherwise
you have to calculate the angle from the two absolute values.

For a more accurate determination of the refractive index, you can also determine the minimum of
deviation for the other direction and calculate the mean value from the two readings.

9. For the next wavelength slide in the right filter and repeat from item 6.

Calculation of the refractive index

In order to calculate the refractive index, you must know the prism angle a.
You can calculate the refractive index for the specific wavelength as follows:

sin (05 ({mn+a) )
1 n=

sin (05a)

Smin : Minimum deviation angle
o :prismangle

In section 12, you will find a table of usable spectral lines.

p=i
-
o
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F.6.2

Rudberg's method

If you have to measure the refractive indices for a large number of spectral lines, Rudberg's
extension of Fraunhofer's method offers the advantage that the observation time is considerably
shorter. There is however a more complicated and longer calculation to be carried out after
measurement. This method is always used, particularly with dispersion measurements, if a
sufficiently constant observation room temperature cannot be guaranteed.

Set up the prism so that a beam of medium wavelength of the required range passes
through it with minimum deviation (see chapter F.3.1, items 1-6) .

Calculate the angle of incidence ¢ (see Fig. E.3)

Turn the swivelling arm to find the slit image of the reflected beam of the prism surface.
Now read out the angle 3, which is 180 -2¢. You get:

e=% (180° -R)
Adjust the telescope in succession to all required spectral lines k to measure the deviation

angles §;...5« of the through position of the slit image. Please note, you have to fix the
angle of incidence ¢ for all spectral lines!

Obtain the refractive indices from:

tan (a/2) tan (e-1/2 (&+ ) )
tan (g'-af2) =
tan (1/2 (&+ o) )

To increase precision, the measurements are repeated at the other side of the prism after
adjustment the object stage accordingly, in order to measure the doubled angle of
deflection.

=
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Using_the angle of minimum deviation you can calculate the angle of incidence ¢ with the
equation:
(2) & = Co+8mn) /2
For your measurements you need the angle B (Fig. 1.3) ,where:
(3) R=180° -2¢
71 F10
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G RENN GSTRNE—EREE

G.1 Influence of individual errors on the precision of measurements of
the refractive indices

We shall now briefly discuss the most important errors which can occur and which you have to take into
account in making accurate measurements of the refractive index. Most of the data are obtained from the
work of L.W. Tilton [Tilton], who made a particularly thorough study of the various possible errors.

He relates to the method of minimum deviation, but it can naturally also be applied accordingly to the
Rudberg method.

The newest publication known, is the work of Tentori et al. [Tentori90].

The most favourable prism angle is given about 60° (for details see table next 51) , for the liquid
measurements with hollow prisms of 72°.

Tentori,D., Lerma,J.R. Optical Engineering 29 (1990) ,160
Tilton,L.W. Bur. Stand. J.Res.2 (1929) ,909-930

Tilton,L.W. Bur. Stand. J.Res.6 (1931) ,52-76

Tilton,L.W. Bur. Stand. J.Res.11 (1933) ,25-57

Tilton,L.W. Bur. Stand. J.Res.13 (1934) ,111-124

Tilton,L.W. Bur. Stand. J.Res.14 (1935) ,393-418
Tilton,L.W., Taylor,J.K. Bur. Stand. J.Res.20 (1938) ,419-477

p=|
®
H
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The following table indicates the tolerances on angle measurements,which results in a probable
error of +1x107° in refractive index.

Refractive index 1.3 15 1.7 1.9
Optimum prism angle 75° 67° 61° 56°
Radius of curvarture of prism

surface with lateral 170 m 350 m 570m 1100 m
displacement of 0.2 mm

Prism angle +0.57¢ +0.33¢ +0.22" +0.16"
Double angle of deflection +0.82"

Minimum adjustment of prism | +3.6" +3.1° 2.7 2.4

A lateral displacement of the prism of 0.2 mm in relation to the optical axis of the telescope and a radius
of curvature which for n=1.3 to 1.9 is between 170 and 1100 m, the probable error of the calculated
refractive indices amounts to +1x10°®.

Measurements of the double angle of deviation need not generally be carried out with the same accuracy
as measurements of the prism angle.

In spite of the relativly wide tolerance, prism adjustment to minimum deviation must be executed
carefully, since the error is always unilaterally positive.

Correction of minimum adjustment is only necessary for particular measurements.
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G.2 Errors depending on test conditions

With the Goniometer-Spectrometer Il you measure the relative refractive index n of a transparent
medium in air. The main influence on test conditions except the wavelength come from:

e Prism temperature

e Air temperature

e Air pressure

e Air humidity

You can seperate the relative refractive index of the prism in an absolute refractive index of the prism ngs
and of the air n_ by the formula:
Naps = N XN

The temperature coefficient of the absolute refractive index of glass has values in a range of:

-10x 10% < (AN/AD) 46 < 20 x 10°%/°C

It depends on the prism temperature and the wavelength.
- The temperature influence varies strongly with the glass.
- With a decrease of wavelength the temperature coefficient increases.

Example: Change of absolute refractive index in units of 10°°,
Temperature :20 °C, temperature increase 1°C

644 nm (C) 436 nm (g)
Synthetic fused silica 9.7 10.5
Schott glass FK52 -8.0 -7.5
Schott glass K5 0 0.9
Schott glass SF6 7.3 14.0

The temperature coefficients of liquids are particularly high.

G.3 Correction of the refractive index
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You can correct the relative refractive index on reference conditions. The normal conditions are

customary:

e Temperature of glass and air tp = 20°C

e Pressure of air Po= 1023 mbar

e Humidity of air e = 13.3 mbar (50% rel. humid.)

The corrected relative refractive index ng is given by:
Ng =N+ An

where An is the total differntial:

An—Amén+Axéh+Awéh
TAN R TG A

with At=t-t;, Ap=p - po, A€ =€ - €.

If you use the formula ng,s = n x Ny, you get partial differentials of the absolute refractive index of the
air n_ and of the prism n,,s. To solve the partial differntials of the absolute refractive index of air,
you can use the ,Edlen Formular® [Edlen66, Owens 67, Jonesh81, Meiser 89]. This formular gives
the refractive index of air as a function of wavelength, temperature, pressure and humidity. It is
accurate to 10°® for a temperature range of 5-30°C, a pressure range from 0-1067mbar and a
wavelength range from the near UV to the near IR.

Edlen,B. Metrologia 2 (2) , (1966) 12

Owens,J.C. Applied Optics 6 (1967) 51

Jones, F.E. J. of Research of the Nat. Bur. of Stand. 86 No.1, (1981) 27
Meiser, H.P., Luhs,W.,Frerking,D. VDI Berichte 749 (1989) 107

p=i|
®
N

The corrected relative refractive index is:
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1 Anas o L
L N v

Nk = Nm{l— At —
‘ { nm[Atabs A

with At =t -ty, Ap = p-po, A€ =€ - €.

QUANTITIES: MEASUREMENT:

REFERENCE:

e relative refractive index Nm
e temperature of air, prism in °C t
e air pressure in mbar p
e air humidity in mbar e

normal conditions: t, = 20 °C, py = 1013.25 mbar, e, = 13.3 mbar

The partial differentials evaluated from the Edlen-Formel are:

p
(1+3.67x10-3xt) 2

n "
TL =—(nc —1)x3.82x10 X
1+3.67x10°xt

n
FL = (n.—1)x1.04x10 x

n. 0.0343 i
— =—(4.292-——=—)x10
e A

2.40603x107%  15997x10™*

n.—1=283421x10"° + B =
130+ 4 389+ 1

(n/t) Lps: absolute temperature coefficient of the medium

A : wavelength in pm
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G.4 Sensitivity Analysis

The relative refractive index correction n can be separated in amounts of prism and air as the following
formula shows:

An=nk—n= {Aﬁ) nxAtéhL A a AethL
== A i | a Pp %%
prism air

Sketch: Correction of relative refractive index as a function of temperature coefficient of glass

A =546 nm

t=20°C +1°C

p =1013.25 mbar + 1 mbar
e = 13.3.mbar + 3 mbar
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B [nm] 75 Jult
23254 Hg
1970.1 Hg
1529.6 Hg
1014 t Hg
852.1 S Cs
706.5 r He
656.3 C H
643.8 C Cd
587.6 d He
546.0 Hg
486.0 H
480.0 F Cd
435.8 g Hg
404.6 h Hg
365.0 i Hg
253.6 Hg
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