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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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The MachrZehnder interferometer has long been used for the study of
refractlve index flelds in heat transfer1 and mass transfer processes. It
is the most versatile of the interferometers as it allows one to obServe two -

dimensional refractive index fields and to arbitrarily localize and orient

2fringes. When used w1th conventional ‘monochromatic Light sources, align-

ment of the instrument requires the use of tedious procedures2 to insure'
that light from any given point in the source which traverses.oné‘of the
tyo arms of the interferometer arrives at the same point in'the’imaée
plane and at the same time as light travers1ng the other arm.  Otherwise,
due to the time and space dependence of the phase of light emitted from
incoherent sources, no interference phenomena can be observed. The

3

use of laser sources” for double beam interferometers greatly relaxes
these stringent.requirements, Because of the oomplete lateral (spatial)

coherence of a single mode beam, any part of its cross section interferes

with any other part in a stable way. The great longitudinal (temporal)

coherence of a laser‘permits the introduction of path differences in the

two'arms in the order of meters without loss of the interference phenomenon.

The design of the modified Mach-Zehnder interferometer reported her'eLL

-and shown in:Fig. 1 takes advantage of the flexibilitles offered by the

use of a laser source. The 1nterferometer is tailored for the photographic
observation of thin mass transfer boundary layers in the unsteady state.
Such measurements require a compact,'rngged construction for the scanning
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of extended objects-without adjustment of a reference cell, high'gédmetri-
cal resolution; and short exposure times. In contiaét to the traditioﬁal
Qersion of this inétrument, the beam-splitting plate has been omitted
and the twonutually coherent light beams are derived from the opposite
ends of a He-Né'gas laser (A) placed in one arm of t'he‘interférometer.5
Positioning of the beam uniter plate (E) behind the ob,jectiw:/e} (D) allows
| £he use of:lehées,with high numerical aperture‘ahd’asaobiated :éséluti&n.
HThevlocation of the beam uniter makes the.:eference lens (H) necessary.
| Spurious diffraction.patterng, due to light scattering from optical
imperfectibns, such as dust particles, are a common problem‘witﬁ laser
illumination. The sﬁatial filter (F) located in'the rear focal plane of
. objecti&e and reference lenses,removes scattered waves which would result
in‘undeSired pattefhs. Tﬂe.spétial filter conéists of é slit with its
long dimehsion'%riented in the direéfion'in which the full reéolﬁtion of
the.objecﬁive>is desired. fhé geometrical resolution parallel to:the

Y en. The fringe pattern is

spatial filter slit is at present 5X10~
photographed by a camera back (G) with f§Cal plane shutter. Exposure times
of 0.001 sec are sufficient. |

A theorétiéal analysis of light propagation in mass transfer boun-
dary layers has shown that due’ to the curved light path in.such fefractive
‘indéx fields, valid concentration profiles'frequently cannot be derived
in a simple way from the observed interferograms. For the.¢oﬁpehsation
of light deflection errogé,'the poéition‘of}the playe of focus must be
pfeéiseiy known. Ag a reference for foéuésing aend magnification 5;005 mm
rétiéule has been scribed on the inner surféce of the glasé'wall.furthest

from the obJéctive lens of the mass transfer cell.
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FOOTNOTES
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.Fig. 1. Léser Interferometer. 'A— HeNeAéas I@ser (Eleétro Optics Assoc.

o LAS;lol)"B_ adjustable deflection‘mirqus (metél ¢oa£ed), .C',
éxperimenﬁal cell_éﬁaqé,' D- objective lens, E- Béam.uniter,.
F—“spgtiélrfiler;  G- ﬁotor»driVenzéa@era back’(ﬁikon F), H-
reference lens, I- aluminum mQunﬁing'biock;(jb inchés ﬁide, 26
inches high and 5‘inches thiék), J- lathe bed for moving inter-

ferometer,
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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