@ https://ntrs.nasa.gov/search.jsp?R=19830012991 2020-03-21T03:39:53+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



ORIGINAL PAGE IS

OF POOR QUALITY
ASA TECHNICAL MEMORANDUM W NASA TM-77002

DUAL EXPOSURE INTERFEROMETRY

G. Smeets and A. George

Translation of "Doppelbelichtungs-Interferometrie,
Institut Franco-Allemand de Recherches, St. Louils
(France) Report ISL-39-72, 4 Dec. 1972, pp. 1-22.

(NASA-TK-77002) DUAL EXPOSURE N83-21262
INTEEFEROMETRY (National Aeromnautics and
Space Administration) 20 p HC AQ2/MF AOQ1
CSCL 20D Unclas
G3/34 09333

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 DECEMBER 17282



—, b b5 .

i ORIGINAL PAGE 8
: OF POOR QUALITY

ITANDARD TiYLE PAGE

I‘}}‘« gx"&&" 27002 3 Geovescaont Acsossion No. 3. Reciplonit’'s Coteleg Mo,

4. Title end Subritle
DUAL EXPOSURE INTERFEROMETRY

S Moot Pei®ber 1982

6. Porlorming Orgenisation Coade

7. Autherds) 8. Potlorming Orgeninetion Report Heo,

G. Smeets and A. George 10. Werk Unit No.

n, v .
9. Porlorming Organisction Neme end Addrese "cig:"." ° ;5.‘.!:.2
gg:!ms ‘ 13, Typo of Report ond Posied Covered
I 91108 | Translation

12. n‘ rin " om
Kational Karonautics and Space Administration

Wasnington, D.C. <0546 14, Spensering Agensy Code

1S, Supplementery Notes

Translation of "Doppelbellchtungs-Interferometrie",
Tnstitut Franco-Allemand de Recherches, St. Louls (France)
Report ISL-39-72, 4 Dec. 1972, pp. 1-22. (N74-10459)

16 Abatreey’

The application of dual exposure differential interferometry
to gas dynamics and flow visualization 1s discussed., A diffen
entlal interferometer with Wallaston prisms can produce two
complementary interference fringe systems, depending on

the polarizatlion of the incident light. If these two systems
are superimposed on a film, wlth one exXposure during a
phenomenon, the other before or after, the phenomenon

will appear on a uniform background. By regulating the lnter+
ferometer to infinite fringe distance, a resolution limit of
approximately lambda/500 can be obtailned in the quantitative
analysis of weak phase objects. This method was successfully
applied to gas dynamic investigatilons.

17. Koy Words (Sotented by Avtnor(nl) 10, Diswidutien Statement

[¥ Unclassified - Unlimited

19, Secwrity Clessil, (of s repertd 3. Seowrity Classil. (of Wie pegd T Mo ol Poges | 20 Puce
. Unclaseified Unclaseified 20

PRECEDING PAGE BLANK NOT FILMED 11



ORIGINAL PAGE IS
OF POOR QUALITY

DUAL EXPOSURE INTERFEROMETRY

G. Smeets and A, George¥

Summary kk/3

A differencial interferometer wlth Wollaston prisms can pro-
duce two complementary interference fringe systems, depending on
polarizatlion direction of the incident light. If both systems are
superlmposed on a film, by carrylng out one exrosure during the
process and carrying out the other exposure either before or after-
wards, then the process seems to appear on a unilform background.

By adJusting the interferometer to infinite fringe # Lon,
durlng the quantitatlve evaluation of weak phase obJ+ : s, one can
achleve a resolution limit of about A/500. The method was used
successfully for gas dynamlc investipgatlons.
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Introduction /7

Phase obJects are made visible on interferograms by means of a
displacement of the interference fringes. PFigure 1 shows the limlt-
ing case of a very weak phase obJect where the resultlng fringe dis~
placement 1s only about 1/20 of the fringe separatbtion and can hardly
be distinguished (top figure in Figure 1). Here we are consldering
a sequence of pressure waves which emerge from a small opgening in a
capsule after a spark dlscharge has taken place inslde the capsule.

The weak phase object becomes better visible when the Interfer-
ometer is adjusted to Infinite fringe separatlon and average bright-
ness (lower left figure). In thls way, the sensitivity can be sub-
stantlially increased. The spot background of the lmage occurs be-
cause of small errors in the optical components in the Interferometer
and first 1s unavoldable because small residual errors always occur
in the most complex optilcs.

By means of a double exposure of the film with two complementary
interference systems (that is, also complementary spots), one can
bring about a uniform lmage background. When the first exposure 1is
done beforehand, and the second in the presence of the phase object,
then the object wlll appear against an undisturbed background. In
thls way, a quantitative densitometric evaluation is possible. Using
higher contrast fllm, the sensltivity can be increased further so
that optical path changes of A/500 can be resolved.

Double exposure using complementary interferences

An ideal two-beam interferometer produces a modulation with the
1llumination intensity
E = Ko cos’{n L 1

Ay (1)
in the image plane where A is the light wavelength and A% is the
optical path difference of a light beam palr which experiences
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interference at a glven image point. If the Interferometer is
adjusted to infinitve fringe separation, then thls means that A® 1s
made the same for all image polnts. Because of the optlcal errors,
one cannot avold that A® varles in the image plane over a certain
interval and spots are produced., Using good optical components, the
interval, however, can be made so small that 1t llies entirely on a
straight line central part of an interferencc edge (Figure 2). In /8
this case, small changes in the optilcal path difference due to a
pliase object dA® are converted to changes 1In the illuminatlon lnten-
gity dE at the corresponding image point whilch are proportional and
the proporticnality factor remalns the same over the entlre lmage.
From equation (1) we find the followlng for small optical path diff-
erence changes along the edge:

"'F,c AR , ﬂ'ho .
1 [N D wtllo L edpl & N
(2) dE = ; sind{2 T dhd = : dis

In order to compensate for the spots due to optlcal errors, the
film is exposed twice. One of the exposures 1s performed in the pre-
sence of the phase object. The illumination intensity 1s here gilven
by the sum E + dE of equations (1) and ' (2). The second exposure for
compensating the errors can occur before or after the process and has
to have the interference modulation which 1s complementary to that
given by equation (1):

(3) E = K¢esin? {u -%i»[ .

For the same exposure time of the two partial exposures, the
film is given a total exposure which 1s proportional to the sum of
the illumination intensities:

(4)

E*‘“‘:*E"Eo(lf’n dx\.-’ ).

This only depends on dA? in a linear manney: and no longer on
AP,i.e., the phase object seems to appear agalnst a uniform back-
ground. By densitometric determination of the illumination, according
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to equatlon (4), the optlcal path change in the phase object dA®
can be determined quantitatively.

A small optleal path change dAd leads to a blackness cuange as
follows on the f£Llm:

(5) 1y

d§ » § =8y » 0,434 yeu .e.l,:;\'t._ \

It is assumed that the exposure leads to the stralpght part of
the blackness curve with the inelination vy.

A pood densitometer can resolve blackness changes of dS8 = 1/100
so that high contrast films (y=4) can bring about a resolutilon limit
for optlcal path changes of dAd = A/500.

BEquations (1) to (9) are set up for monochromatic light for /9
simplieity. The compensation can be carried out just like for white
light 1f the two interference components for each wavelengtb have a
complementary behavior according to equations (1) and (3). All of
the examples shown were photopraphed with sparks or tube flash equip-
ment which gilve off white and not coherent 1light.

Optical confipurations

It 1s possible to realize the method in a slmple manner using a
differential interferometer with a Wollaston prism. Sueh an interfer-
ometer operates wilth polarized lipht. In the case of linear polarizm-
atlon, the two polarlzatlon directions lead to complementary inter-
ferences.

By using an additional Wollaston prism, it is possible to focus
two 1ndependent spark and flash light sources on the inlet dliaphragm
of the differential ilnterforometer (Iigure 3). The two light bundles
which enter the interferometer coincide and are polarized normal to
ene another and consequently lead to complementary interferences.
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The differential interferometer iltselfl conslsts of a palr of Weollas-
ton prisms, a pair of objectiven (or a pair of concave mlrrors in the
usual Z confipuration), an additional polarisation fllter and a camera
which maps the pha.oe object 1in the test chamber on to the scroen or
the £1lm. Additional detalls of the interferometer are glven iIn
[1,0,37.

For the compensation method, 1t is very lmpoetant that the dirff-
erential interferometeor bas a amall sensitivity to vibratlons, The
adjustment of the interferometer to the contral straight line part
of the interference edpge must bhe maintained and cannot be disturbed
by small tremors.

Pipure 4 pives the ray path for a sinple light source with nult-
iple Clashes., The light source 1s enlarged and mapped on to a
Packels cell. Botween the two exposures, the Pockel cell is swiltehed
with the A/0 voltage and in tbis way, the polarizatlon of the lipht
Ia rotated by 90°,  With the circult of the Pockel cell, interference
fringes are displaced and the absolute value of the ringe displace-
ment is the same for all wavelenpths. Therefore, the fringe system
15 displaced as a whole and undistorted even ror white light. /)
When switehing with the A/2 voltage (of an average wavelength), the
frinces are displaced so muebh that the eentral part of the posltive
edpe to the left of the central fringe of mero order is dlsplaced iInto
the central part of the nepative edpe on the obther silde.

Temameca

Tnterferoprams of weak phase objJeets

Pigure % shows two double exposure interferoprams of hypersonie
flows of small density around blunt conesg. The density of the incl-
dent flow in the lef't figure was 1»2-10“3 Pq and in the right fipure,
it was 3.3-10”3 Dy The Mach number in both cases was about 9. The
nose radll were 20 mm and 10 mm, respectlvely.

The limiting casce of a very weak phase oblect whieh only pra-
duces an optical path change of aboub A/%00 and can Just be made

S
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visible 1s glven in PFigure 6. The nose radius here has a dlameter

-l
of 5 mm and the incldent flow density is only T7-10 ' o

TR S b

¢

All three flpures were recorded on the agfa L AGEPEFF emulsilon,. |
Thils pho%tograph material has some propertles which are advantageous h
for double illumination Interferometry. In addltion to good resolu-
tion capacity, there 1s bhigh contrast (y=4). However, this emul- 3
slon has a speclally small Schwarzschild effect. In the case of ;
deviatilons from the photographlce reciprocal law, no complete com~
pensation can be achleved.

Xenon flash tubes are used as light sources whose i1llumilnatlon
time were adjusted to about 0us . We intentionally selected a
rather long exposure time. Thils 1s favorable from the point of view
of the Schwarzschlld effect. Also, in thils way the turbulences ahead
of the test section windows can be made invisible becauss they move
away fast. The flow around the model vemalns statlionary during the
exposure time.

The very hilgh contrast photographs place extreme cleanllness
requirements on the test sectlion window. An absorption of only 1%
for a contrast factor of y = 4 is already visible on the film as a
perturbatlion, and the windows will still look clean upon direct obser-
vation. Also,any small damages to the windows by membrane fragments
appear very large.

/11

Quantitative evaluatlion of interferograms

The phase objects appear in front of a uniform background with-~
out perturbations on double exposure interferograms and, therefore,
they can be quantitatively measured. This 1s done In two steps.
First of all, for each individual point the optlcal path changes in
the phase object dA¢ are determined. From thls, In the case of two-
dimensional or rotationally symmetric objects, it 1s possible to
determine thelr index of refraction distribution. Here we will only
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discuss the first step. The second step 1s discussed in detall in
[3] and 1s a generally valid principle for the evaluation of diff-
erential Interferograms.

When recording interferograms, one has to make sure that all
Image points remaln along the stralght part of the interference edge
and that the exposure of the fllm 1s 1in the regilon of constant inclin-
ation of the blackness curve everywhere. Then on the one hand, we
have the relatilonship

()

between the expesure I and the optlecal path change dA®. Also,there
1s a simple relationship between blackness and illumination:

S-8puy Ly /o (7)

The combination of both equations flnally glves a relationship
between the blackenlng changes determined densiltometrically on the
£ilm dS and the optical path changes dA¢:

A / a8 }__
dav = g \D’-" {““6:?:'33’3“-‘?" | ‘> + (8)

The evaluation using this equation also requires the exact know-
ledge of the average path length A and the contrast factor y. A is
only a measure for the inclinatlon of the interference edge and can
be determined before hand using Interferences with monochromatic
light. <y on the other hand, depends on many condltions, for example,
the developer and development time and, therefore, experlences fluc-
tuations. It 1s appropriate to determine y with calibration. There
are many posslbilities for this. For each photograph one could also
photograph a weak neutral filter with an exactly known attenuation.
In the case of differential interferograms, there 1s a much simpler
possibillity. The interferograms have a double image. The edge
regions where the two partial images do not overlap do not contailn
any interferences. It 1s easy to show that here the exposure is
exactly one~half of the exposure of the uniform image background
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outslde of the phase object. By measuring the corresponding black-
ening difference, 1t 1s possible to defermine the factor y of the
photograph using equation (7). One condition, of course, 13 that
the edge replons mentloned also are in the range of constant inelin-
ation of the blackening curves. '

Interfereoprams of stronger phase objects--double exposure Schlleren
gystem

The double 1.lumination interferometry was criginally developed
in order to be able to obtailn interferograms of weak phase obJjlects
which could be evaluated. The method In a medified form can also be
used for stronger phase ohilecty, and the most important advantages
are maintalned. The optlcal path changes have to be restricted to
about A/10 so that they remain on the selected interference edge.
This can be achleved in the case of the differentlal interferometer
by selecting a correspondingly small ray separation a. In this way,
the interferometer becomes sensitive to gradients, that is, the mea-
sured optical path changes dA¢ are given by gradilents:

(9) d4t » acprad ¥ oa I gradnds .

The quantitative evaluation 1s exactly the same as for a
Schlieren photograph and gives the gradient fleld of the phase object.
There are the followlng advantages compriared with the Schlleren method:

1. The optics do not have to be of exceptlional quality in
order to gilve photographs which can be quantitatively evaluated wilth
a uniform image background.

2. The radlation path can be very sensitlve wlthout becoming
low intensilty at the same time, as cannot be avolded in the case of
the Schlieren method.

3. The relationship between the ekposure and grad ¢ is direct
and 1s not influenced by refraction effects as 1s the case for the
sensitlve Schlieren method.

O

/12
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The sensitivity of the%egggg Qe't’retl.)gvaried over a wide range
by selecting a and can, therefore, always b¢ matched to the plase
objects in an optimum way. For very strong phase objects, a would
have to be made very small in order to not ovecrsteer the interfero~
meter. In thls case, 1t 1s more appropriate to use a Schlieren methnd
with a corresivondingly low sensitivity which wlll not have the dis-
advantages mentioned under 2 and 3 above. If there is a small sensi-
tivlity, also a double exposure Schlieren system can be designed
whleh allows error compensation and gilves images which can be eva-
luated even for very simple optles. The ray path is shown in Figure /13
7. Just like in Flgure 3, two lndependent light sources are focused
using a Wollaston prism onto the inlet slit of the Schileren device.
The incoming light bundles are polarized perpendilcular to one another.
By using a second Wollaston prism, a double image of the inlet slit
is procduced at the position of the Sehlieren edgme. Instead of the
Schlleren edge, there 1s a second slit there which acts as a double
Schlleren edge. By appropriately setting the posltion and width of
this slit, one can produce two complementary Schlilieren images inside
one another for the two polarization directions. The third Wollaston
prism 1s required in order to reverse the splitting of the image in
the second prism so that both Schlleren images cover exactly on the
f1lm or on the screen.

Visuallzation of motions

Double image Interferometry leads to another effect if both
exposures are carrled out when the phase object is present. In addi-
tlon to disturbances by flaws in the optics, the phase object itself
1s suppressed to the extent that it is stationary. All changes which
occur during the time Interval between the two exposures then emerge
clearly. By sultable tuning of the illumination time and the time
interval between the exposures, it is posslble to make visible certain
motions and the faster motions can be smeared by sufficlently long
exposure time. On the other hand, the slow motions can be suppressed
by the double exposure if the time interval is not too large.

10
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Mgure 8 shows a turbulent airstream produced by a small venb-
ilator. The alrstream 18 best wvisible where its speed 1s the
largest, The relatively slow secondary flow in the outer regions
1s completely invisible. For direet observatlon of the screen, the
reverse is true, The eye cannot perceive the rapidly moving tur-
bulent alrstream, but 1t only sces the outer stream.

One interesting appllcation of separating rast motlons f'rom
slow motions is the sound pradiation of mas dynamic objects. The
acoustle waves whleh are formed represent a rapidly moving weak phase
obJect which 1In many cases 1s superimposed by stronger phase cobjects,
but they move mueh slower. In this application, the hipb sensitivity
is very important because the acoustic waves in general represent /14
very weak phase objects. -

Wigures 9 and 10 give  examples of ultrasonic waves of frequercy
27 kda, whieh are radiated by a rod in the alrstream. Figure 10
shows the waves of a flat plate made of Styropor.

Mpures 11 and 12 pilve the supersonic free jet at the end of a
shock tube which has completely different appearances in both flpgures.
Mpure 11 was taken witbh two 60-us exposures and the first exposure
was made before the free Jet was created. Figure 12, on the other
hand, was taken with two l~-us exposures which both were carried out
when the free jet was present and at a time separation of 10 us. In
thils way, the statlonary structures of the free jet are for the most
part suppressed and the radlated acoustilec waves as well as the indivi-
dual turbulence balls appear clearly. There are two weak reflected
shockwaves on the upper and lower edge of the lmage which can be seen
whieh run agailnst the free Jet.

11
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