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LIGHT DEFLECTION EFFECTS IN THE INTERFEROMETRY OF
ONE-DIMENSIONAL REFRACTIVE INDEX FIiELDS

K. W. Beach,* R. H. Muller and C. W. Tobias
Inorganic Materials Research Division, Lawrence Berkeley Laboratory
and Department of Chemical Engineering; University of California
Berkeley, California
ABSTRACT

Distortions in interferograms of refractive indéx’fields due to
deviations from straight-line light propagation haye been analyzed
numerically. It is shown that quantitative refractive index profiles
can often not be derived in a simple way from interferograms. The
choice of the plane of focus and the alignment of the object.with respect
to the light direction are found to greatly affeét ﬁhe distortions.

Results for typical examples of refractive index fields encountered in

different electrochemical systems are given.

- .
Present address:  School of Medicine, University of Washington,

Seattle, Washington. 98195
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{ LIGHT DEFLECTION EFFECTS IN THE INTERFEROMETRY
OF ONE-DIMENSIONAL REFRACTIVE INDEX FIELDS

Opticél interferometry has long been used fqr the.observacion‘of
refractive index f:‘Lelds.l-7 The conventional interpretation of the
resulting interferograms is based on the assumptién that light propagates
along a straight line throuéh the specimen. Local variations in the
phase of iight transmitted through a specimen of‘uniform dimension are
then takén as a direct measure of local refractive index variations.

The presence of refractive index variations normal to the light pro-
pagation direction results, however, in a deviatioh from straight-line
propagation. This phenomenon is unavoidably associated with light
transmission through media of locally varying refractive index and

formg the basis of Schlieren—optical techniques.s’9

Light deflection can be expected to result in two kinds of errors
in an interferogram. The first is a geométricél distortion
(displacement of the virtual beam origin) due to thé lateral displacement
and change in direction of transmitted light. The second is a distortion
of the apparent local refractive index (error in phase) due to the
increased geometriéal'path length and paséage through different regions
of the specimen.

In the present paper, errors due to light deflection in the quanti-
tative interpretatioﬁ of interferograms are examined. Computational
techiniques have been developed to account for these errorg in one-
dimensional refractive index fields, as they are encountered in the double
beaw interferometry of electrolytic mass transfer boundary layerslo and

1,11

other diffusion or separation processes in liquid media. The approach



can be modified for use with multiple beam interferograﬁs and

three-dimensional refractive index fields.
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LIGHT DEFLECTION DUE TO REFRACTIVE INDEX GRADIENTS
Light deflection in media of locally varying refractive index has
traditionaliy been treated in connection with Schlieren-optical appli-

cations. 2,9 Recent interest in this topic is mostly due to the use

of inhomogeneous media for imaging devices.lz_ls

Attempts to calculate light deflection errors in interferograms have

2,10,11,16,17

been reported by several authors. In some cases, errors

¥
have been found negligible, a conclusion which appears valid only

5,16

for gaseous media or small refractive index variations at a large

) 18 . . . .
distance from the camera. The effect of the imaging optics on the inter-

11,17,18

ferogram, even where it has been considered, has not been suffi-

ciently analyzed.

The physical reason for light deflection (or,;efraction) in refractive
index fields lies in the dependence of propagatién'velocity on refractive
index n. If different elements of a wavefront Wl (Fig. 1) advance at
ditterent rates, a tilted wavefront w2 results after a distance dx is
traversed. Correspondingly, the original propagation direction, indicated
by the wave normal Nl is changed to NZ' For an original propagation
direction parallel to the x-axis and a refractive index varying in the

y~direction the incremental deflection angle is,9’11

o
=]

d v
E

o
v

tor a general propagation direction with respect to coordinate system

. , , . 19
and refractive index gradient, a coordinate rotation™~ of Eg. (1)

results inl3
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2 n(x,y) (1 + <dx> ><8y ax <dx)> (2).

dx

For a three-dimensional refractive index field, Eq. (3) is derived

similarly

2 2
s (@) (2-2@)

dx
‘ = 2
The optical path length p of a deflected beam is o
X ' d 2\ 1/2
p=f n(x,y) 1+<EZ> o dx (4)
b 4
“o .

Its phase is obtained by division with the vacuum wavelength Ao

¢ = 5% 2m (5)
o

For some specific refractive index profiies, closed-form solutiong
g [
for the light path are available.‘m’b’lé’zo’zl A detailed analysis of
light deflection in constant refractive index gradients normal to the

original beam direction has been given elsewhere.22
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EFFECT OF FOCUSING

The purpose of the imaging optics in an ipterferometer is 1o hrin:
a selected plane in the object to f;;us in the image. The object plane,
which is optically conjugate to the image plane, Qill be referred to in the
following as "plane of focus", but should not be ﬁonfused with the planes
which contain the primary and secondary focal points of the objective
lens. If light defiection occurs in the object, the image is determined
by the virtual origin of the deflected light iﬁ'the plane of focus.
Under these circumstances the shape of the image can be expected to
depend on the choice of the plane of focus. This effect is illustrated
in Fig. 2 for a cathodic boundary layer23 with the electrode shadow as
the object. A light beam C, entering the cell at the surface of electrode
B and paréllel to it, is deflected toward the bulk of the solution A
and leaQes the cell at point D. With the‘objective lens G focused on
the cell wall facing the camera (Fig. 2a), ﬁhe shad§w of the cathode
surface in this plane appears at D and its image in film plane I is H.
Thus, fhe electrode shadow appears advanced into‘the solution side of
the interface because of the presence of the refractive index gradient.
Focusing on the cell wall facing the light source (Fig. 2c¢) results
in a virtual origin L of the same deflected beam!» The electrode shadow
néw appears receded into the electrodep For an intermediate focusing
position (Fig. 2b), the virtual origin K of the deflected beam coincides
with the electrode surface. The electrode shadpﬁ,is, therefore, not
d[ﬂplncea in the image.

In the schematic of Fig. 2, refraction at the interfaces which the

light traverses upon leaving the cell has been neglected. Even in the



absence of relractive index gradients, fhesé effects result in an axial
displacement of the virtual location E' of an immersed object E (Fig. 3).
Since refraction in the first cell wall (even if the incidence was not
normal) does not affect image geometry, refraction in the second one only
(facing the camera) will be” considered.

The application of Snell's law results in Eq. (6) for the virtual

location m of an immersed object (Fig. 3).

‘ .
m=cotn (wtan € + d tan €') (6)

For small angles € from the optical axis, this equation reduces to

\ d
m=;+;}—- y (7
g

As indicated in Fig; 3, w is the thickness of the medium of refractive
index n and d is the thickness of the glass wall of refractive index
a . Thus, a real plane of focus F inside the cell is transformed into
a virtual plane of focus F' by refraction effects.. (F' would be the
real plane of focus in the absence of the cell.) If the imaging optics
of an interferometer are focused on an immersed target in plane F,
the 1mage is determined by the virtual location of the target in plune
. y

The effect of focusing in the presence of light deflection with
consideration of refraction in cell wall and at céll exit is illustrated
in Fig. 4 for an arbitrary plane of focus F in the cell (with associated
virtual plane of focus F'). A deflected light beém ABC appears to
originate from point E' with a lateral displacement g from its true
origin A.24 It can be seen that this displacement of the virtual beam

origin, which results in a geometrical distortion of the image, strongly

%)
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depends on the location of the plane of focus, aé it doés on the refractive
index gradient. The displacement can assume valués:comparable to the
dimension of typical mass transfer boundary layersk. Because the virtual
plane of focus F' is shifted by changes in cell wail thickness, the beam
displacemenf g is independent of wall thickness (within the approximations
of Eq. (7)) for a given choice of the plane of f§§u§ F.

For cathodic boundary layers, with refractive index increasing from

Yy
the interface toward the bulk solution, differently deflected beams may

cross each other near the light exit side of the Céll (Fig. 5). Ambigu-

ities in the interferogram due to the superposition of differently
deflected liéht can he avoided by use of a plane.of focus near the light
entrance gide of the cell, so that the virtual o¥igins of different rays
in the virtual plane of focus F' do not oyerlap.ﬁ_SCribed lines on the
inside face of the cell wall away from the caméra'have been successfully
used to precisely establish such a plane of focus.

The error in phase due to light deflection can be represented by
thu‘difference in optical path length between a deflected beam AC
(Fig. 6) and a hypothetical undeflected beam EI passing through the
same virtual origin E' in the virtual plane of focus. Points C and I
lie on a circle entered in E'. BéYond points Ciand I, the imaging
optics introduce no phase difference between the two beams. It will be
seen that the error in phase strongly depends on the location of the
plane of focus. The error can be of the same m;gnitude as the phase
change expected without light deflection. The thickness of the glass
wall has been found to have almost no effect on phase.

Boundary layers with refractive index increasing toward the electrode

surface, such as those typically encountered in anodic metal dissolution,



cause the light to be deflected toward the electrodé. If all the light
which strikes the electrode surface-%f absorbed, rays entering the cell
closer to the electrode than a critical distance do not contribute to
the image (Fig. 7b). 1In contrast to the cathodic boundary layers, an
overlapping of the virtual origins of differently deflected beams ig now
best avoided by focusing on the plane where the ligﬂt leaves the
cell. If the electrode is sufficiently smooth, light which strikes the
surface may be reflected (Fig. 7c), and a much md%e complex optical
situation exists, particularly if a reflected beam is deflected back to
the electrode surface and reflected again.

The effeét of focusing with other refractive iﬁdex configurations

needs”to be examined for each specific case. Some examples are given

in a later section.
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COMPUTATION OF INTERFERENCE FRINGES

In order to compute an interferogram for é_given refractive index
field, Eds. (2) aﬁd (4) have been sé}ved nﬁmeriéaily and the effects
of focusing have been incorporated in the analysié.25 The optical paths
of 50-100 beams, which enter the cell parallel to.each other, usually
parallel to the electrode surface, and with 0.04vmm increment in dis=-
tance from the electrode, have been determined. Eaphlbeam is divided
into a large number (100-200) of straight segmenls, as séhematically
shown in Fig. 8b. The siope of a typical segmepE'HJ is determined from
the slope of the previous segment, the lengthvof the segment, the
refractive index o, in the region (Fig. 8a) and the component of the
local refractive index gradient in the directi§ﬁ normal to the
beam. | |

The optical path length of a deflectéd beém, including refraction
KL in‘the cell wall, is obtained by summing the ﬁtoduct of local re-
Iractive index n, and geometrical path length HJ of each beam element.
From position and slope of the beam M leaving the cell, the virtual
origin E' of the déflected beam in the virtual plane of focus is deter-
rined. The fringe shift in the interferogram relétive to the bulk
solution is due to the difference in optical paCHvlength between de-
flected beah GL and a hypothetical undeflected beam EO of the same
virtual origin E', passing through a cell filled with bulk solution.
Thus, phase and position of one point in the interferogram have been
cstablished. Repetion of this procedure with 50-100 beams yields‘a
computed interference fringe.

Figure 9 illustrates how the above procedure can provide computed



interference fringes B to E for an assumed refractive index profiie A
with different choices of plane of focus. It can be seen that both
boundary layer thickness and interfacial concentration are seriously v
falsified by the light deflection, and the error strongly depends on
the choice of the plane of focus. A common observation with such com-—
puted interference fringes is that the location of the outside edge of
the bouhdary layer is noé affected'by ;ight defléction. An exception
is seen in Fig. 9e, where a double value of phas@ is due to the super-—
position of differently deflected rays in the image.

An experimental observation of the effect of the choice of plane‘
of focus on fhe appearance of the interferogram‘is‘illnstrated in Fig.
10. The dependence of apparent boundary layer ;hickness and interfacial
concéntration on focus agrees qualitatively with the computations for
a slightly different situation given in Fig. 9. The double value of
phase, seen in Fig. 9e seems to be responsible for the extraneous inter-
ference fringe systems seen in Fig. 10c and 10d. More detailed,
gquantitative experimental'tests of the theoretical analysis are in
progress. A displaceﬁent of the electrode shadow ég high current

densities has also been observed by Tvarusko and Watkins.26
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' DISPLAY OF COMPUTEDfLIGHT.PATH

A diéplay pf'a small number offfhe ray traciugs computed by tho
i " above method has been found helpful in understanding computed inter-
ference fringes. ' The left hand éidé‘of Fig. 11 shows the refractive
index profile and a cémputéd interference fringef5 Thé'short lines
between the #wo curves éonnected points in the'imﬁge with the corresponding
entering beams. The.;ight—hand side of Fig. 11 shows ray tracings in

a cross section of the céll; The air space and glass wall on the light
entrance side of the cell are omitted. Figure 11 illustrates that the
reééon why interference fringésvinvthe boundarylléyer considered in
_Fig;b9'near1§ vanisﬁ for»beusing ﬁear.ghe light exit side of the cell
is that m?st of the deflected rays converge in thié regioﬂ. It is

also shéwn that, under the conditions of Fig. 11, most of‘the light
isjdefleqfed out of the boundary layer before it leaves the cell. (Due
to thevdiffefénﬁvscéles employed for horizontal and vertical direétion

in the‘rayvtracings; light deflectiod angles appear enlarged.)
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EXAMPLES OF COMPUTATIONS

Because of the large number of variables aﬁd non-linear effects
involved in the numerical analysis of light deflection in refractive
index fields, it is difficult to generalize results. The analysis can
easily be adapted to investigate the effect of additional parameters
on the interferogram; For instance, the‘effe;t éf misalignment of the
cell, with.the.incident light not parallel to thé electrode surface has
been studied. | | |

| In thevfollowing, representative examples of theoretical interference

fringes and ray trécings Qill be shown.25 They have "all been derived for
a cell width (dimension in the beam direction) of 10 mm and a glass
wall thickness of 12.7 mm. Ihe liqﬁid medium is a 0.1 M aqueous copper
sulfate sélution. Conceﬁtration C (moles/liter) and refractive index

n have been assumed to be correlated by Eq. (8)
n = 1.3313 + 0.027952 C (8)

Concentration profile and interference fringe for focusing according

to case B below are shown with the ray tracings. The interference fringes
. . ) '
B to E for refractive index profile A pertain to the following choices of

plane of focus
B - inside face of glass wall far from camera
C - 1/3the way across the cell from B
D - 2/3 the way across the cell from B

E - inside face of glass wall near camera



Cathodic Boundarv Layers

The obSerVatioh of electrochemical boundaty leyers by'optieal
interferometry10 offers the possibility to determine the local rate of
mass tfansfer under_cooditions which are not restricted to operation
at limiting eurrent.27 Cathodic metal depoSition from aqueous solutions
has been used by several investigator526 »28-30 as a model for interfero-
mettic mass transfer“studies.v

| Figure 12 demonSttates that the thickness of the glass wall has a
vefy spall effect on the interference pattern of a cathodic boundary
layer under any of the focusing conditions B»to E

Mlsallgnment of the cell by +2.3° (light directed away from electrode
face) drastically affects .the appearance of interference fringes, as
shown in Fig. 13 by comparison with Fig. 12a. The apparent interfacial
concentfatioﬂ*is'ihcteased. The opposite usually holds for misaligment
in the other (negative) direction, unless the light is directed toward
the electrode surface at such a high angle that much of the light which
has passed through the boundary layer strikes the surface, and is
(assumed) absorbed (Fig. 14). Theappatent concenttatiop ma#imum, which
becomes visible under the conditions employed in Fig. 14, may be com-
pared to a true maximum of hydrodynamic origin described‘befofe.28
Compared to the-previous observetion, the present maximum is broader
and not adjacent to a minimpm, .

Alignment of thc»cell wall normalvto the;incident lightihas been
aotUmplished by directiqg'thevreflection from the wall to coincide

with thelincident beam. -
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Anodic Boundary lavers

Anodic dissolution boundary layers, with refractive index increasing
toward the interface, cause light deflection toward the interface.
Changes in the appearance of interference fringes with changing focus
are similar to the cathodic case, except that focus on the cell exit
now produces the 1¢ast distorted interference fringe (Fig. 15). 1In
this case, the apparent boundary layer thickness is not distorted, but
the:interfacial Conéentration seems tbo low because the deflected ray
which leaves the cell At the electrode surface has traveled mostly
through fhe'outer parts of the boundary layer, where concentrations are

lower than at the interface.

If one attempts to compensate for light deflection in an anodic
boundary layer by directing the incident light away from the interface
(positive angle of incidence) an apparent concentration minimum may
occur (Fig. 16) analogous to the maximum found in the cathodic case
(Fig. 14).

Liquid Junctions

In the determination of diffusion coefficients by interferometry,
the boundafy betwgeﬁ two solutions of different concentration is
observed.’;As illustfated in Fig. 17, light deflection causes only
minor distqrtions of such_a-boundary. Focusing 0.33 cm from the inside
face of the glass wall facing the camera (position D) provides the
least distortion. ' Off-axis illumination of thevsame diffusing boundary
causes serious distottions with the appearance of false concentration
extrema (Fig. 18). Misalignment in the opposite direction is found

to have even more severe effects.



Concentration Minima
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Real refraetive index extrema can occur in electrophoresis, dle
dialysis and atter_an electrolysis current is reversed. A.local
refractive 1ndex m1n1mum with.moderately steep. flanks is best observed
with the plane of focus at the light-exit 51de of the cell (p031tlon E,
:Flg.-l9). Since the light is deflected from the center of the minimum -
to both sides; thetintensity_of the experimental iight beam is decreased
in the_centerbtegion’ana the contrast of"intefferenceiftinges may be
‘reduced to the point where they disappear. Off-axis light incidenee
leads to asymmetric dlstortions with the. appearance of false eoncentratlon

extrema 31m11ar to those computed for a liquid Junctlon (Fig. 18).

Concentration Maxima
Light ra&s cbnverge on a-refracti?e index maxiﬁum. If only small
gradienté'and thin ceils are involved, focusingvon the cell wallvaway
- Erom the.eamefa provides interference fringes with little distortion.
A refraetivevindexbmaximUm withvsteep fianks results in fringe
CrUSS;OVér regardless’of the choice of focal plane (Fig. 20). Under

: : P . —_ : : 21
-evea more severe. conditions the light may zigzag across the maximum.
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DETERMINATION OF REFRACTIVE INDEX PROFILES FROM INTERFEROGRAMS

For the quantitative interpretation of measured interference fringes
as refractive index profiles, the computational methods described are
emp loyed in an iterative process. First, an approximate refractive index
pfofile is derived from_the observed intérferogram. Interference fringes
are then cbmputéd for the approximate refractive index profile, under
considerationvof‘chusing;'cell_dimension and orientation. Based on a
'comparisbn_df observed aﬁd computed interference fringes, the approximate
refractive index profile is subsequently modified to improve agreement
between the two! Se&eral cycles are usually necessary to produce satis-
factory agréeﬁept.

CONCLUSIONS

The present analysis shows that the determination of concentration
profiles in liquids by interferometry is often not as straightforward,
as has coﬁmonly bgeen-assumed. Light deflection effects rapidly increase
with increasing cell dimension (in the direction of light propagation)
and refractive index gradient. In order to account for light deflection,
the following points muét be considered in the operation of an interfer-
omuter;
1. The locationiof_the plane of focus.must be éstablished accurately.
| Lbcations whiéh minimize ambiguities due to the superposition of
differently deflected light should be chosen (summarized in Table T).
The alignment of the refractive index field with respect to the
direction of the entering light must be known precicely. Usually,
the incoming beam shouid be normal to the refréctive indeﬁ gradient

o

(or celi wall).



Table I. Preferred location of the plahe of
focus for different refractive index.[ields

Field

L

ocation

Cathodic Bbundary layer
Anodic boundary layer
Liquid junction
Concentration minimum

Concentration maximum
(small gradients and thin cells
only)

Cell wall
‘Cell wall

- Center of

Cell wall

Cell wall

away from camera
close to camera

cell

close to camera

away from camera
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3. The aperture of the imaging optics in the interferometer must be
large enough to accept the most defleéted light.

With.tﬁe preferred focusing and light incidence, regions of vanishing
refractiyé index gradient are imaged in their correct position. False
maxima, minima and phase Boundary pﬁsitions can éf;en be identified
by varying plane of focus and angular alignment.

The effecﬁ.ofvreffaCtive index gradients in the direction of light
propagation cap'bé‘incqrporated in the computational procedure. Unless
such refraétive index variations can be inferred on the basis of symmétry'
considerations,s’15 their determination requires additional measurements,
one of which.hasvbeen suggested elsewhere.31

The détermination‘of a';efractive index immediately adjacent to a
phase boundary (e.g., electrode surface) is further limited by diffraction
cffects which_require separate consideration.
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FIGURE CAPTIONS

Light. deflection in a refractive index field due to local

variations in refractive index n. A wave front Wl, becomes

tilted to W, after an increment of travel dx. The associated

2
prqpagation'direction Nl’ is changed to NZ'

Effect of the choice of focal plane on geometrical distortions
due to light deflection in an electrolytic boundary layer.

(a) optics focused on light exit side of cell, (b) optics focused
within cell (c) oﬁtics focuséd on light entrance side of cell
(refraction at cell-air interface andﬂin_cell wall not shown).
A_~-élecﬁrolyte

§ - eléctrodé

C - defiected beam

D,K,L - virtual locations of electrode surface

E — auxiliary ray

"F,F' - priﬁary and secondary focal points of objective lens

G - objéctive lens

H - image of electrode surface

I - imagerplane

J — picture of electrode shadow

Fécusing in.the absence of light deflegtion ; refraction in
cell wall and at cell exit. E - reél, immersed object,

' - virtual location of E, F - real plane of focus in cell,

F' — virtual plane of focus (focus in air).



Fig. 4.

Fig. 5.

Fig. 6.

Fig, 9.

Focusing in the presence of 1light deflection; geometrical dis-
tortion. ABC - deflected light beam, F - real plane of focnus,
Ff - virtual plane of focus, g - laterai'displacement of virtual
beam origin. |

Lightideflection in cathodic boundary layer; choice of plane of
focus at light entranee side of cell. Overlapping beams are
separated in che virtual plane of focus_F'; (a) refractive
index profile, (b) rey tracings.

Determination of the optical path length error (refractive

index diétortion) due to'iight deflection. Plane of focus at

entrance of light into the medium of variable refractive index.

AC - deflected beam, EI - undeflected reference beam,

CI —-equiphase circle.

"Light deflection in anodic boundary layer. (a) Refractive index

. profile. (B) Absorbing electrode surface. Undeflected beam,

outermost deflected beam which contributes to the image and

absorbed beam. (c) Reflecting electrode surface. Unreflected,

singly and doubly reflected beams.

(a) Refracfive index pfofile in a cathodic boundafy layer,
(b)'Numefical computatipn of a deflected light beam GL in a
boundaryelayer. A,D - cell walls, B - electrolyte, C - electrode,
P - eeﬁiphase-circle centeredvin virtualbbeam origin E'. |

Interferenee fringes (B) to (E) computed for refractive index

profile (A) for differentlchoiCes of the plane of focﬁs. Cell

width 1 cm, glass wall thickness 1.27 cm, cathodic current density

4 mA/em”, abscissa - concentration with 0.04M CuS0, per vertical
. A
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division, increasing to the right (0 and 0.04 repeated at
each vertical line). Ordinate - distance from interface in mm. .

B

focus 3.4.mm inside glass wall farthest from the camera
C - focus on inside face of glass wall farthest from the camera
D - focus inside cell, 3.75 mm from the inside face of the glass
| wall férthest from the camera
E - focus iﬁside cell, 7.5 mm as above
Fig. 10. Top: Effect of the choice of pléne of focus on the appearance
of the interferogram of a cathodic boundary layer. 0.1 M CuSO4
solution, current demsity 5.0 ma/cng cell thickness 1.0 cm;
glass wall thickness 1.27 cm. The zero of the vertical scale
defines the electrode shadow before thé boundary layer was
formed. Bottom: Cross-section of electrolytic cell with
position of planes of focus (dashed lines) for interferograms

‘a to d.

E - incoming collimated light

F - giéés.wéll farthest from the camera

G - elgctrolyte and electrode

H - glass wall neér the camera

J - camera lens

Fig. 11. Ray tracings.on theAcroéé.section of an electrolytié cell

(right) with a cathodic boundary layer (10 mA/cmz). Width of ;
cell and glass wall 10 and712.7 mm, respectively. The concentration
profilé is shéwn by the top curve on the left (abscissa: molarity of

copper sulfate in water). The bottom curve on the left shows the



Fig. 12.

Fig.

13.

interference fringe for a plane of focus on the inside of the

glass wall farthest from the camera (choice B of ¥Fig. 12).
Lack of effect of glass wall thickness on interference pattern.
Cathodic boundary layer for ‘10 mA/cmz_éurrent 4ensicy.

A.é concéntration profile | |

B to E - computed interferencé fringes for différent choices

'of the plane of focus given in the text.

Abscissa: copper sulfate concenfration, 0.1M per division,
incfeasing to the right (0 and 0.1 repeated at each
vefticalvline)

Ordihate: distancé'(in mm).from.image of electrode surface in

'. the absence of light deflection

(a) -~ glass wall thickness 1.27 mm

(b) - glass wall infinitely thin.

Effect df_cell,misélignment on interfefence fringeé of a

cathodic boundary layer for different choiceé of the plane

of focus. 10 mA/cmg, angle of incidence +2.3° (away from

electrode face); other data as in Fig. 12.

Effect of cell misalignment on interference fringe and ray

trancinés for a cathodic boundary layef.' 7.5 mA/cmz, angle of

incidence —2,3° (toward élecproderface)g._Other data as in

Fig. 11. | |

Effect of the choice of plane of focus on interference fringes

. - : ) :
of an anodic boundary layer. 10 mA/cm”. Other data as in

Fig. 12,



Fig. le6.
Fig. 17.
Fig. 18.
Fig. 19.
Fig. 20.
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Effect of cell misalignment on interference fringes of an
anodic boundary layer for different choices of the plane of
focus. 10 mA/cmz, angle of incidence +3.4° (away from electrode

face), other data as in Fig. 12. .

Interference fringes of a liquid junction between O and 0.1IM
copper sulfate for different choices of the plane of focus.

Other data as in Fig. 12.

Effect of cell misalignment on the interference fringes of the
liquid junction of Fig. 17. Angle of incidence -2.3° (toward
electrode face).

Interference fringes of a concentration minimum for different

choices of the plane'of focus. Other data as in Fig. 12.

Interference fringes of a concentration maximum for different

choices of the plane of focus. Other data as in Fig. 12.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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