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The following notes are the outline of a talk on the

- measﬁrement_of refractive index flelds. . They are{therefore,
not a self-cdﬁtainedlréport,but}rely on Qral commentary."A
review Sf different techniques of potential interest for the
determination of diffusion constants,ﬁbé‘the'study-of hetero-
geheous mass transfer ih solutioh 1is gi&en with an extensivev'

118t of references.

© Schlieren Methods
| Based on curved light path due to: refractive index
' ‘gradient‘(Sch1iefe = optidal inhomogeneity)» The resultinglv
small angle iight‘deflections can be measured in various

T WayS, resulﬁing’in different techniques.
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~Small angle deflections, radius of curvature_R
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| Shadowgraph |

~

A Schlieren technique without focussing of the Schliere. .

'lPoint light source casts "shadow of obJect. Deflected and

bwf_undeflected light are superimposed on the screen. Only dark

“areas are geometrically similar to the density disturbance.

4

- No optical system needed. Not quantitative.
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Toepler.

A great variety of Schlieren methods with focussing of
the Schllere are derived from Toepler's errangement to trans-
form the angular deflection into an intensity variation. Ay
v ' knife edge in the image plane of the light source prevents
v part or all of the undeflected 1ight from contributing to the

- 1mage of the object.

,’

1 .
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Tnterpretation of a Schlieren picture:
1. Extent and location of ‘Schliere geometrically
'correct | |
2. Brightness 1s a measure of refractive index.
- gradient at any point.v - |
3. Only the component of the light deflection d
. normal to the knife edge is detected. E
Extensions. |
'é), deflection in two directions can be detected't
- with round instead of_linear sources and - -
.‘ edges” | | :
”F o '?. _ b), to avoid the necessity for photometric
| | 7! scanning of the picture colored stripes :;f
~..can be used to differentiate between B B

lfincrements of deflection. ,'




c). the principles»a)-and b) can be combined by
| use of colored segments of a circular disc.
Philgpt - Svensson | |

Method of crossed slits for one dimensional refractive g

& e et . g Yo e Yo AR e e e, TS A e

© index fields. The vertical deflection of a sheet of light BRI
_'_is transformed into a horizontal displacement by an inclined o
~8llt. Focnssing the.cell in the- vertical direction and the
~ inclined slit in the horizontal direction results in a plot

....-.0f distance vs. refractive index gradlent.

.\Interferometric Methods

Based on phase difference due to differentfpropagation-

. rate. Phase detected.by'interference’with another wave ) .
which may be a reference beam or another part of the same,;u'

beam. Phase change A (number of wave lengths) for one—_*

dimensional index fleld: -

. ;A_Z.V=f;%aquun;?if‘dv? cell«dimension.”Qf”l"
' f“-?li'~ v:fi'XO:é mave_length in:rih D {;
5 . k o 4 ‘-vacuum; | 7‘ | '
Razleish T DR B

V_fﬂ;if.”.,mf -
Two coherent beams formed with a double slit.r Image of
{

o.o8lit in horizontaL of cell in vertical direction focussed..». ‘j.

(R
i

v

(division of Wave'rront)' o




Jamin

Coherent beams separated and united by reflection on

front and baokside of. plano -parallel glass plates. Normally

used with a set of horizontal interference fringes introduced -
by tilting mirrors around horizontal axls. Vertical fringes

. can be obtained with additional optical elements according to

Antweiler" Refractive 1ndex flelds must be one- dimensional
;. gradient should be parallel to fringes. Plates in parallel

position result in "interferometric Schlierensystem .

~
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(diyision of amplitude).. ~



i'Michelsonfo" |

Mach-Zehnder _ .‘ _ N
Four separated reflecting surfaces allow large spacing

";between both-beams. Very expensive and difficult_to align.:

' JuERS NERRET

o

v/

-~ The same plate serves to split and re-unite the beams.'

.Cell is traversed twice in opposite directions. 5Has\been5

'RCCCCC PR

":modified by Lotmar and. Guest et al.. -_fi P
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| | Combines Schlieren and interference principles by bring-_ﬂuﬁf1f"
fl.ing equally deflected rays from different parts of a diffusingti"' :

| boundary to interference. Index gradient curve has to be B
'.bsymmetrical and its shape‘must be " known for evaluation. Used'

- extensively for diffusion studies.

1

i
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- Two interfering beams of small displacement are produced7-eA

by a birefringent crystal plate (division by polarization)
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'Shearing

'two slightly sheared converging wave fronts. Thus,'inter-'

'-ference fringes analogous to contact fringes between spherical '

f’surfaces are obtained without a comparison piece. Several
:simplified versions have been proposed for testing optical

~ " components. : f—

C sewe ewmts  wmew ww e Gwe—s omwe

Two or more4partially\reflecting surfaces employedjunder'

almost normal incidence. Fringes can be made to;bé located

“in specimen. Multiple beam interference fringes‘can‘be much _1

‘ narrower than double beam fringes, thus allowing a higher

;resolution of lateral fringe displacement. Most constructions - :

are compact and sturdy, yet little used._

i
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Similar to Mach—Zehnder principle.‘ Interference betweenvf
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fV):f‘Interferometer. '

- cells by mechanical or optical means.-

Phase Contrast

B e e I T

A microscopic object produces a.diffraction pattern of the

light source in ﬁhe focal plane o; the objective.  In the

'diffractioh pattern of an absorbing.Iamplitude-) object-all’

the maxima are in phase while in the pattern of a phase-objecﬁ
the zero order maximum shows a phéee shift of M4 . Correction
of this phase shift produces an image like that of an amplitude

object. : .

Combined Methods -

.y e b oM Gt gm—

© Simultaneous recording of refractivé: index and index

. gradient haé been achleved by combiniﬁg the Toebler Schlieren,
”\-_system with a Mach-Zehnder Interferometer or by the combina—-'

:]?tion of a Philpot - Svensson Schlieren System with a Rayleigh“

4
i

The interferometric determination of gradients is

‘-f;;also possible by the slight displacement of two identical

ot = ot 2 U
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Of particular simplicity is the combination of refraction

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

Svensson arrangement for the gradient. _

- Limltations and_Errors

‘-thus,their'sensitivit&risxlimiteduby;light"diffraction;:-v’

The geometrical resolution of -optical instruments and;-

" most noticeable in systems of'low:aperture. The curved. -

~.:light_path'due to refractive index gradients is a scurce'of‘r

errors fcrfthe'interpretaticn of;interfercmetric'results.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
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‘ mission, nor any person acting on behalf of the Commission:
A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
‘ or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or
B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.
As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission,; or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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