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The following notes are the outline of a· talk on the 

measurement of refractive index fields. . They are, therefore, 

not a self-contained report,but rely on oral commentary. A 

review of different t~chniques of potential interest for the 

determination of diffusion constants £:6~ the ·study of hetero

geneous mass transfer in solution is' given with an extensive 

list of references. 

Schlieren Methods 

Based on cur.ved light path due to' refractive index 

gradient (Schliere = optical inhomogeneity)·· The resulting 

small angle light deflections can be measured in various 

ways, re sul_ting in different techniques •. 
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Small angle deflections, radius of curvature R 
.r." 
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A Schlieren technique without focussing of·the Schliere. 

Point light source casts "s·hadow" of object. Deflect.ed and 

undeflected light are superimposed on the screen. Only dark 

areas. are geometrically similar to the density di·sturbance. 

No optical system needed. Not quantitative • 
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Teeple_!:. 

A great variety of Schlieren methods with focussing of 

the Schliere are derived from Toepler's arrangement to trans

form the ~ngular deflection into an intensity variation. A 

knife edge in the im8.ge plan·e of the 11;,ght source prevents 

part or all ?f the undeflected light from contributing to the 

.image of the object.: 
; 

I 
. ' 

Interpretation of a Schlieren picture·: 

1. 

2. 

Extent and location of Schliere geometrically . 

CC)rrect. 

Brightness is a measure of refracti v.e index 

gradient ·at any point • · · 

·3. Only the component of the light deflection 

normal to the knife edge is detected • 

Extensions: 

~) . deflection in two directions· can be detected 

with round instead of linear sources and 

"edges". 

b). to avoid the necessity for photometric 

scanning of the picture# colo.red · stripes 

.. can be used to differentiate between 

increments of deflection. 

'·. ·, .. 

........ 

. i 

. ' 

l 



r 

' •1 _, 

~ ... ·~ 

' • j_· 

- 4 -

c) the principles a) and b) can be combined by 

use of colored segments of a circular disc. 

PhilR.ot:·_.;. ~S.,!e_!!S!_O'h 

Method of crossed slits for one-dimensional refractive 

index fields. The.vertical 'deflection of a sheet of light 

is transformed into a horizontal displa·cement by an inclined· 

··slit. Foc~ssi~g the .cell in the· vertica:l direction and the 

inclined slit in the horizontal direction results in a plot 

. ____ ,.;_of distance vs ~ refractive index g;r-adient. · 

Interferometric Methods 

Based on .phase difference due·to different.propagation 
. . 

rate. Phase detected by interference w.1th.another wave 

which may be a reference beam or another part :of. the same 

beam. Phase change ~ S {number of wave lengths) for one

dimensional index field: 
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~n' d a cell dimension. 

>..0 .= wave.length in 

vacuum:. 

. ' . 

Two coherent· b~ams formed.with a_· .do.uble, slit~. Image of· 
l 

slit in. horizontal, of cell in vertical direct.ioh focussed. 
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Coherent beams separated and united by refle.c:t;ion on 
. * 

front and backside of\ plano-parallel glass p+ates. Normally 
,· 

used with a set of. horizontal interference fringes introduced 

by tilting mirrors around horizontal axis. .Vertical fringes · · 1 

. can be obtained with additio.nal optical elements according to 

Antwe·iler.-... Refractive· index fields must be one-dimensional 

gradient should be parallel to fringes. Plates in parallel 

position .. result ·in "interferometri·c Schlierensystem". 
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Mach-Zehnder ------ '· Four separated reflecting surfaces allow large spacing· 

between both beams. Very expensive and d1fficult.to align.~ 
. ·~· 
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··The .sarr,:e_ ·plate serves to spl1 t ancf .. re-.uni.te··the beams~ 

. Cell. is. traversed twice in opposite dir.ection:~. .Has~ been 

.modified by Lotmar and .Guest et al~ .. ·. '. 
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·combines Schlieren.and.interference principles by bring~ 

. ing equally-deflected rays .from different parts of a diffusing 

boundary to interference. Index gradient·curve has to be 

symmetrical and its shape must .be· knpwn fo_r. evaluation. ·used 

extensivel~ for diffusion studies.· 

. .--. ---. ---- . 

~ ---· .---

· Lebedeff · 

., ;_. ,• 

. ----
Two interfering·. beams of small displacement are 'p;r-oduced .· 

by a birefringent cryst~l plate. (d.iv~s1on by polarizat1~n) .. 
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·shea£ing 

Similar to Mach-Zehnder principle~· Interference between 

two slightly sheared converging wave fronts. Thus, inter

·ference fringes analogous to contact· fringes between spherical 

surfaces are obtained without a' comparison piece. Several 

simplified versions: have. been proposed for testing optical 

components. ~~-

. · .. ·. 
·'' • I· .. 

. ,; . .. ,_ . . ·: 

Multiple_Bea.!!! 

Two or ~ore partially-reflecting surfaces employed: under 

almost normal ·incidence. Fringes cari be made to be located 

·in specimen. Multiple beam interference fringes can be much 

: narrower than double beam fringes, -thus allowing a higher 

resolution of lf3,teral f'ringe displacement •. Most .. ~onstrucr~iqp.s 

are compact and sturdy, y.et littl·e used. 
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Phase Contrast. -------
A microscopic object produce.s a. diffraction pattern of the 

light source in the focal plane of the objective. In the 

. · dif.f_'raction pattern .of an absorbing .{amplitude-) object-all. 

the maxima· are in phas.e while in the ·pattern C?f a phase-object 

the zero order maximum shows a pha~e shift of i/4. Correction 

of this phase. shift produces an .±mage like that of an amplitude 

object.· 

... · .... 

·. 

Combined Methods ____ ...,.. __ _ 
Sirnultaneou.s recording of' ref'racti ve··iridex and index 

·. gradient has been·· achieved ,·by combining the Toepler Schlieren 

system with a Mach-Zehnder Interferometer or by··the · combina

tion of a Philpot - Svensson Schlieren System with a Rayleigh 

Interferometer. i 
.·} 

The. interferometric .determination of· gradients is 
. I • 

. · also possible by the slight displacement of two identical 

cells by.mechanical or optical means •. 
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-to-
Of particular simplici.t~ is 'the combination of·refraction 

by a liquid-filled prism for refractive .index .with a Philpot 

Svensson arrangement for the. gradient. 
. •. 

-·-- --- -~-- --·mn !TID! [ill an lmf 
.• . ~ 

. . . 

. Limitations and Errors 

The geometrical resolution of·. opticB:l inst:J:'Uillents and; 
'i 

thus, ·their ·sen si ti:vi.t~': is:: limi te.d .. by .light· ·d_if.!'ra:c t fon · 

·most notice·able in systems of· low: aperture • The curve.d. 

_light path'due to refractive index ·gradients is a source of 

errors for· the int,erpretation o(.interferome.tric ·results. 
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