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Abstract: A method of interference 1s described in the
‘present report which promlses profltable
applicatlion iIn aeronautlical research. The
physical foundation.of the method and a
simple method of adjustment are briefly
dlscussed. The speclal technical constructlon
cf the Iinstrument ls described which
guarantees 1lts use also in the case of
vibratlons of the surrounding space and
vermits the Investlgation of unsteady phenomena.
It 1s found that the interfersnce method will
make the snall dlifferences in density 1ln the
Lflow fleld around the body even ut low speeds
(4O m/sec) optically measurable. '
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i, INTRODUCTION

Optical methods of measurement have been more
frequently used in modern measuring technique. This
fact results from the progressive development of the
separate technical flelds of dppllicatlon as well as
the contlnuous perfection of the optical instruments
themselves and thelr control.

The interference methods range first among ths
optical methods of measurement whicdh have becéome so
Important for highly accurate and exact quantitative
measurements., Light 1s spllt lnto coherent wave tralns
which are brought to interference by means of simple
but hligh-quality optical alds as mirrors and plane
parallel gless plates., The interference fringes which
were thus obtained ate used for measuring small changes
in density of the medlum under investigation.

The present renort deacribes an interferometer.
which was tc be used mailnly for lnvestigation of the
denslty fleld of bodles 1in ths subcrltical flow domain.
Thls problem 1s especlally difficult since, as 1s well-
kncwn, the changes of density in flows of low speeds up
to about 100 metersver second are so small that the air
may be treated as an approximately lncompressible medium.
There &re no changes of temperature by heat-emltting
bodles ln ailr flowsof thls kind; therefore,only quantitles
are. measured which are due to the amall.dilfferences in
denslty which result from. differences of wveloclty in
varlous places on. the body.

Although the limit of measuring accuracy of the
interferance method is almost reached, this- method still
permits the optlical measurement of these small changes
in density. Therefore every means must be used in order
to increase the measuring sepsitivity. -+ .

' Extreme accuracy of measurements and, equally
important, most delicate agjustient of the interferometer
are therafore required. A method of adjustment proved °
excellent in many tests of thoe author (compare reference 1ll)
is briefly reported by this method such an instrument
can be adjusted with comparatively little loss of time,
Then the precauticns are described which were taken
firat to avold deformations of the instrument by




NACA TM No. 1184 3

temperature influences and second bo reduce the
sensltivity of the lnstrument.agalnst mschanical
outside disturbances (vibrations) so that the method
.oould be applied to technical measurements.

Finally there was the guestion of monochromatic
llght sources of high intenslty to be solved; the
relatively long light paths .and the lnsertion of
intermediate optlcal apparatus for the examinatlion of
unsteady phenomena made it difflcult to reach sufficiently
short times of exposure of about 1/100 to 1/200 second.

2. BASIC PHYSICAL STRUCTURE OF THE INTERFEROMETER

The following discussion is limited to straight
parallel interference fringes. The formation of such
interference fringes (as contrasted wlth interference
rings) can be Eraced to the effect of a wedge-shaped
plate (fige 3). A second ray coming from L' shall be
made coincldent to the ray L reflected on the wedge-
shaved plate at the point A this second ray willl
. leave the wedge-shaped plate, after refraction and :
reflection in it, at exactly the point A. The difference
in path of these two reflected rays is a functlon of
the thickness of the glass plate P at thils particular
location and of the angle of incidence a; the two rays
coms to .Interference in the lmage plane B, of the top

surface of the wedge-shaped plate. At a constant angle
of incidence "interference fringes of equal thickness™
originate: 1light and dark straight fringes parallel

to the edge of wedge. The effect of such plates depends
on whether the incident ray of light 1s turned. towards
or away from the wedge. The separate rays of a light
beam which are multiple-reflected in the wedge-shaped
plate diverge or converge correspondingly.

This. basic princlple may be turned to advantage
only after soms changes have been made; 1t can be used
for production of strailght Interference fringes in
uniquely determined planes and for the examinatlion of
three~-dimensional bodles by means of the four-plate
system which 1s shown 1n figure . This optical
arrangement was introduced by Mach and Zehnder; the
two light paths are so far apart In space that..a mutual
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influsncs willl-be avolded if one of the. two light paths
crosses the field of density to be exemined. -This
separation of the light. paths 'is of decisive importance
for the investigation of flow protlems and. thermodynamic
phenomena.,

TWo of the parallel mirrors (fig. 4), S, and 8,,
are coatsd for full reflection, the other two, Pl
and P,, also called splitter plates, have a semi=-

transparent platinum coating applied by cathode
sputtering,?!

A light bundle incident on the plate P, 1s

pertially reflected, partially transmitted through

the plate. The flrst bundle 1s transmitted through the
plate P, after refiection st the mirrer Sl; the
second partial pundle is raflgctod at both the mirror S,
and the plate Ps. These two light bundles ere coherent

that 1s, thsey orlginate from the saeme 1ight aource and
have the same polarization, They ere used for interference
after travellling light paths of equal length in the :
instrument. However, further partlal reflectlons occur

in the plates P1 anﬂ P2 which also cause phanomenn

of Interfsrence, DBut they are rendersd so dim by ths
seni-transparent ccating of the plastes that a dilsturbing
Influence on the lnterference of the first partial
bundle 1ls avolded. With thls arrengement the very
compllcated excluslon of the partial reflectlon is
rendered superflucus which 1s necessary when using
plane-parallel glass plates for Pi and PZ'

1A silvered mirror dld not stand the test so well
since the surfaces must not be varnished and since ths
sllver layors decompose ranldly under atmospheric
influences; moreover, they are mechsnically very sensltive,
The platinum surfaces, on the other hand, are chenlcally
stable, but mechanlically as sensitive ue silver ones,
A coating of sllicon 1s recommanded as glving the best
reflecting effect; 1t is produced by Dr. Hochhelm at
IG=-Farben accoreing to a new method whieh was tested
meanwhile,
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By means of this instriment,- ihterferences can be
-produced at any-distance from-the-mirrors,. (See fig. 5.)
The phénomencn .of interfersrice always appears at the _
intersection of coherent light rays which have travelled
different but. equally large paths in the Instrument. .
The two. plates P,. and P, alone permit any manipulation
for production of interferences if the instrument is
- adjusted adcurately, that 1s, if all mirrors are exactly
parallel; moreover, the sum.of the distances from .

Pj . to Py has to he mo exactly allke on both different
paths over 87 and B8, that the phase shift of the two
'wave trains equals zero. '

. A1l plates and mirrors are arranged in such a way
that they can be turned around a pair of axes perpendioular
to each other, The plate P, ocan also be shifted in

the direction perpendicular to the plane of the plate on
a sliding guide; thus the correction of the distance
adjustment, still necessary after the "fine adjustment"

of the instrument, is made possible., After the instrument
has been perfectly adjusted the two full mirrors 3y

ari 3o remain unchanged for all further work, If
possible, they ought to be fixed permanently.

. The connection between the rotation of the plates
Py and. Po, the location of interference and the width

-cf the interference fringes can be defined as follows:

If the plate fl 1s turned by the angle 'a, the
path of the first partial ray over Sy and P changes

. and the original intersection B oﬁ the séreen shifts
by an amount of ¢ = 2a (a] + as +1) to B!, (Ror

these small angles, the sine of the angle ‘may be assumed
to be equivalent to the angle itself.) The second partial
ray over S, and Py remains unchanged. The plate

Pp, must be rotated in the opposite sense in order to
obtaln the Interferences in B!, It is rotated by the angle

a1 +8s +1
1

B =-a
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The width of: the intnmferaqpp ;ringaS'ﬂs then.dafinad

by the sangle. '} 2a. ”"T‘"' betweenvths rayﬁ-\thp .;.
.d1stange betwagn twb interfprence ﬂringgs will’ e R

e .. . e -:"'1. .-" ".- LR R P e s =%,

AR ._ Y -. 20.(& 'l"b) : .- . '1... .-‘.-‘
¢heFeln A represents the wave: length of - the 11gny TETE

that was used: 1  the distance of the. Anterferenge-- -7
" plane from the last plate Pp; a3 ‘"and ‘ay "the ;

distances.between the .mifrors and « :-the rotation ]
. of the fi“st _plate Py (campare reference'h)- _ -“?f

Thp princinle of . thﬂ wedge-ahaped glaas plate for .
production of straight "interferenece: fringes' that was .
shown in figure 3 1s. extended: the wedge angle is: .
formeéd. by misalinement of the two plane parallel plates
which make.rays .of light of the same energy intenfere:
and pnoduce on the .whole surfacs of the mirror interference
fringes which l1e o a uniquely dstermined plane,

Therefore, interferences in any deslred:plane, position,
and width may be produced by means of the two plates
P1 and P2 and- the rour possibilities of'adjusting

them, Changes in sensitivity may be made by selection

of an adequate wildth of the interference fringes.

Hereln lies the excellent. adaptability of the -interference
method to the demands of all kinds of measuring techniques.
If an approximately polnt light Source is being used,
rotatlions of the two plates about axes’ perpendiculanr-to.
the plahe of:  the paper (fig. 5) wlll cause interference
fringes .parallel tc these axes; horizontal interference. -
fringes will result.frem rotatlion about horizontal .axes..
All intermediate values.between perpendicular and..
horizontal position.of the interference fringes require
coordination of the two plates and rotatlons around all
four azes. The interferenece fringas always are parallel
to the edge of the wedge. -

~
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3. METHOD OF ADJUSTMENT BY MEANS OF A PENTAPHISM

- ---The -presceeding- statements on-the basle working of
the lnterference-refractometer made it clear that the
adcuracy depends on the order of magnitude of the light
wave lergth. Therefore,the four plates and mirrors
must be adjusted with the utmost caution; a speclal
method.of mirror adjustment is required.

In mpny cases where ths' interference method could
contribute to the clarification of important questions
i1ts application was frustrated by the difficulties of -
ad justment of thse 1nstrument itself,

The principle of the adjJustment method glven in
reference 5 shall be mentioned brilefly; it requilres
certain conditions which can be fulfilled only in a
laboratory-like setup of the mirrors on optical benches,
Each mirror and 1ts plale sre fixed on an optical bench
and arrunged rotating about pairs of perpsndicular axes;
they are set parallel by observatlon of a point 1n the
far distance (several kilometers) (fige. 6). The two
reflected lmages of plate and mlrror are made exactly
congruent by means of a telescope which 18 also
fastened to the optlcal bench and made parallel to it.
The second palr of mirrors are set parallel in the same
way. Since the image of the distant objJect reaches both
mirrors, the error of the angular deviation @ increases
wlth the distance of the mirrors and requlres a correction
by sighting at a celestlal objJect,for instance a bright
star. After these two palrs of mlrrors have been set
parallel, both optical benches are set parallel to each
other and by means of esdjusting screws on the sockets
fixed in such a manner that illuminated cross-hailrs in.
front of the plate P1 become coincident for the whole

system of mirrors. The dlsadvantages of thls method of
ad Justment need not be dlscussed further.

A new method of adjustment was urgently needed which
would make it possible to adjust the interferometor at
the assigned location qulckly, preclsely, and without
too mueh difficulty. Such a method of adjustment by

e means of a pentaprlism was tested in many experiments and
' proved to be efficilent, (See referances 11 and 12,)
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The pentaprism has the groperty of reflecting
incident rays of light at 90°, (BSee fig. 7.) It 1s
therefore not sensitive to angle changas in its whole
fiald, Figure 8 shows the principle of the adjustment,
First, the ground plane of the whols instrument on. which
all four mirrors are located will be set horizontally
and the mirrors at 45° to the common 1line of their
perpendicular axes of rotation. Then an autocolllimating
telescope F 31s adjusted exactly horizontal, Its
optlcal axis 1s parallel to the mirror surfaeces. In

the dlirectlon of this optical axls there 1s an optical
bench on vhich an adjustable stand with the ‘pentaprism
can be moved, The cross-halrs in the ocular of ths
telescopse are then projacted into the pentaprism and
through the latter into the mirror. The mirror 1s
rotatsd and inclined@ until thae image of -the cross-halrs
which 1s reflected from 1ts front surface falls back 1in
the optlcal axis of the telescope and becomes fully
congrusnt to the original cross-halrs,

Attentlon must be paild to a prelimlnary adjustment
of the nentaprism itself, or elss 1Interferences will not
be found, The pentaprism 1s not constructed with the
exact accuracy that 1= needed here, Therefore the two
imazes of the cross-halrs reflectad by the. gsnterior and
posterior surfaces of the pentaprism are nct exactly
congruent. One therefore selects one of these two partial
images for use and retains it for the adjustment of all
mirrors. The base of the pentaprism is adjusted
horizontally in both directions of the ray by means of
a water level. The respective mirror is accurately
adjusted when the two cross-hairs reflected.from
pentaprism and the mirror 1tself -cover the one. in
the telescope. .

Then the pentaprism 1ls snifted on the optical bench
and used in the same way for the adjustment of three
mirrors., After that, the fourth mirror may be easily
adjusted by eye by observing fiom Pé an illuminated

cross-hair in front of the first plate P; and making

it congruent to the other reflectéd images. This
observetion ought to be made by telsacope because the
adjustment 1s facillitated and because it 1s easier to
focus to a certaln plane by telescope than by eyo; this
accomodation is important for the later Pocuaing of the
Interferences,
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If the mirrors were put parallel preclsely,
~ Interferences must now be vislble after insertion of
a monochromatic light source in front of the plate P,;

these lnterferences are extremely fine because the
Interference plane 1s at infinity if the mlrrors are
absolutely parellel. In monochromatlc light, the
interfersesnce fringes are present also when the two
different light paths Iin the.lnstrument are not of
exactly equal size but differ by a multiple of the wave
length of the light that was used,.

However, the criterlon of perfect adjustment of the
instrument 1s met only when. the two light paths also are
exactly equal. This adjustment of the accurate dlstance
of ths mirrors can be made on the slide mechanlsm
(mechanism for longltudinal motion) of -the plate P,

by finding the so-called zero-interference in ordinary
white light. The zero-interference is the phenomenon
of Interference which 1s characterized by a markedly
distinct Interference fringe in which all fringes of

all colors that correspond to the zero-difference 1n
the light paths colncide. The fringes to both sides of
the zero-lnterference lose thelr well-fooussed clearness
by superposition of various wave lengths and dlsappear
completely efter a few fringe widths. (Compare figure 9.)
The presence of this zero-interference in white light

is also a criterion of the modbt delicate adjuatment of
the 1nstrument in monochromatlic light where 1t 1s no
longer recognizuble. .

It 1s recommended always to start from thils basic
| ad Justment, for in the appllication to =omewhat compllicated
flelds of density the zero-interference must sometimes be
used for identification of individual light fringes.

; In the present case where the interferometer was -
set up for use 1in perpendlcular arrangement the adjustment
was mede 1n horizontal position according to the method
descrlbed above. Afterwards the instrument was rotated
by 90° and used according to figures 1 and 2,

If, after adjustment of the instrument, interferences
are present, the focusing of the Interference fringes 1ls
made to the mean plane of the objJect under investigation,
(See fig. 10.) A distinct object 1s placed at this
location; the telescove 1s focussed sharply on that object,



10 NACA T No. 1184

and then the loocation of the Interference ls changed by
means of the two plates P1 and Pé untll 1t coincldes

with the location of the object and both are presented
very dlstinctly at the same time., This image of the
fileld of interference fringes 1s virtual. The location
of the interference phenomenon lles really outside of
the instrument, namely at the 1intersection of the two
coherent ray bundles. The telescope may be replaced

by a camera and an lnterference photograph may be taken.
(See figs. 12 to 15.)

;. MONOCHROMATIC LIGHT OF HIGH INTENSITY

So far a light source as nearly pointlike as
possible which emits only one single wave length A
was tacltly assumed in spesking of flelds of interference
fringes. But such a light source of absolute
monochromasy does unfortunately not actually exlst;
rather, the radlation of a light source will always
contaln a great number of osclliations. As 1s well-
known the spectral domain of the glowlng filament of
an incandescent lamp includes all wave lengths from the
ultraviolet over the visible radlation to the heat
radiation of the Iinfrared.

On the other hand, luminous vapors or gases emit
a spectrum with only a narrow extent and are therefore
used as more or less homogeneous light sources for the
purposes of lnterference. However, a further narrowing
of the extent of the spectrum 1s usually necessary for
the evaluation of photographs of interference fringes;
color fllters are used for absorption of the wave
lengths wnich stlll represent a disturbance. However, such
considerable losses of light result from these
arrangements that short-exposure photographs of
interference fringes and, therefore, the investigation of
unsteady phénomena' are no longer posaslble.

The present tresatise also lnvestigated the question
what light sources are sultable to produce high light
Intensities and yet to meet the necessary stipulations
of spectral properties.
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The spectral domain presented by the sodium
spectral lamp with the lines Dy and - Dy

A = 5890 and 5896 AU 1s so narrow that one may speak
of a monochromatic light source. This spectral lamp
1a especially sultable for interference purposes and
for locating the Iinterference fringes after the
adjustment of the Iinstrument because the whole lmage
plane 1ls.always covered wlth sabturated interference

., fringes. The light intensity of thlis lamp, however,
amounts to about 25 to 30 sb only; it is so small that
photographs with short exposure ocennot be taken

even when uslng panchromatic emulslons,

Osrgm!s mersury spectral lamp 1s a light source
of much higher intensity (about 1000 sb); moreover, it
emlts spectral llines of great fineness, The lines
A = 4080, 14360, 5460, 5770, end 5790 AU (fig. 11)
represent the wave lengths which are emltted with
relatively high spectral energy in the vlislble and
photographlically effectlve region. Since each light
wave la able to produce a system 'of interference fringes
the varlous systems are superimposed; the difference
In paths of the separate light waves causes the
disappearance of single fringes in certaln places of
the interference fringe photograph. Therefore an
image of iInterference fringes results which consists of
several periodically recurring groups of interference
fringes (fig. 12) which cannot be used for spectral
Investigetions., Therefore the monochromatlsm must,
by sultable light filters, be intensified to the emission
of a range of wave lengths as narrow as posslble,
Varlous light fllters of the firms Schott and General Jena
and Carl Zeiss were tested; the filter which gave
the best photographlic effect at the highest degree of
monochromatic light was selected,

The loss of light by filtering 1s exceedlngly high,
Moreover, most fllteras have the property of well absorbing
1ight waves up to about 5000 AU but with increasing wave
lengths the transparency increases and becomes 100 percent
in the domain of infrared radlation.

The blue line A = 4360 as such 18 photographically
‘vory effective; but 1t renders the observatlion by eye so
difficult that its use is elliminated.
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For the green line A = 5460.AU the panchromatic
emulsion 1s not sensitive enough to cbtaln sufficlently
short times of exposure even for the filter Zeiss B
which permits to pass 67 percent of the relative spectral
energy. :

For the yellow line A = 5770 and 5790 the uss of
the filter 0G 2 (Schott and Gen.) proved to be most
advantegeous. It transmits 9l percent of the relative
spectral energy of these linss which with 80 percent
of relative energy stand out as the -brightest lines 1n
the visible domaln of the line spectrum of the mercury
lamp, (The energy of the spectral line 1s referred to
the 100 percent energy of the ultraviolet line.). :

This filter 0G 2 1s especislly advantageous insofar
as it absorbs completely the many wave lengths smaller
than A = 5460 AU which are contained in the spectrum
of the mercury high-pressure discharge (Compare fig. 11.)
Thereafter tha transparency of the fllter Increases
quickly. The transparency is cnly 1l percent for
the 1ine N\ = 5460 AU, but for the desired lines with
A = 5770 and 5790 it 1s 9l percent; for sll larger
wave lengths, up to the domaln of infrared radlation the
filter will be perfectly transparent,

In the domain of vislble radiation no larger wave
lengths are emitted. The small infrared radlation is
already absorbed by the glass elemsnts of the lenses and
mirrors. Thus practlcally the lines A = 5770 and 5790
alone wlll be effective, with great energy, for the
excltatlon of an interference fringe fleld with sgturated
interference fringes. The times of exposure which were
obtalned by insertion of a telescope were around 1/2 second
for useful interfersnce photographs. However, thlis long
time of exposure 1s completely useless for the inveatiga-~
tinn of unsteady phenomenasa.,

The next step towards an Increase of brightness
consists of the use of the mercury hlgh pressure lamp
type Hg B 500 which had been recently developed at"
Osram; thils lemp produces a light intensity of 30,000 sb
at a vapor pressure of 50 at., Thoe line spectrum of ‘the
discharge ln mercury vapor e83entlally varles with
increasing vapor pressure and 1s indlcated by an
increased wldth of the lines untll, at very high pressures
of about 200 at, they run 1into one another as color bands,
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The question had to.-be lnvestigated whethar the wlidening
of the lines had reached disturbing proportions for

A= 5770 and 5790 1in this lamp of highest light
Intensity. Fortunately, the result was that the
widening of the bands only concernsed the spectral -Ilnes
of smaller wave lengths whereas the chosen lines

AN = 5770 and 5790 retelned almost constant width. The
disturbing wave length domain may, therefore, be
rendered ineffective and the high light 1ntensity may be
made useful for interfersnce purpcses by a filtration
through the fllter 0@ 2, For a saturated interference
fringe photograph the attalnsble times of exposure with
insertion of a telescope are 1/100 to0l/200.. These
values alreedy offer the possibility of investigatling
unsteady phenomena, ' )

5, INFLUENCE GF THE DEG.ZT OF MONCCHROMATIC LIGHT
Cl THE INTERFERENGE $AINGE PHOTOGRAPH

The abllity of the 1llght to precduce an Ilntsrferemnce
syster: depends upoen two baslec condltimms:

(1) The two superimposed wave tralns must oscillote
with equal phase 1ln one plane vut dv not otharwlse
influence one another.

(2) ™e light source must smlt the same type of
osclllation during the lnterval of time which 1s nscessary
for travelling the difference in paths of the two
interfering ray bundles (coherency).

The abillity of light to interfere is limited by
the mexlmum path difference which still permits the
observation of lnterferences, This path difference
is a functlion of the width of the spectral lines and
therefore of the uniqueness of the ocolor (monochromasy).

If a 1light acurce emlts as in the pressant case two
adJacent homogeneous spectral lines of different wave .
lengths each wave by 1tself can produce an Interference
fringe system., The two fringe systems are superimposed
and so nearly coinclde 1f the difference in paths 1s
small that apparently there exlsts only one fringe
system,
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" Ons now increases the:difference In paths and can.
maks the observation that after the production of a -
certain number of interference- fringes these fringes
are progressively weskened and finally extinguished.
They dlsappear completely when the maxlimum -intensity .
of the system of one color - coincides with the minimum
" of .the other color. -‘This phenomenon.results from a . °
changé of the longltudinal motlon of the plate P,;

the longitudinal motion causes the change- of the
difference in paths of the two interfering rays..

, In the present case, the mercury high.pressure
lamp emits ‘after flltration with the fllter 0G 2 the -
two edjacent wave lengths A = 5770 and 5790 AU . which
differ by 20 AU. Therefore the fringe distance 1s
dirfferent for the two colors, bhbecause the wave lengths
are in proportion to the fringe distances:

e L WA

....:—,'bz- —

M ob 1M

Therefore the dlfference in the fringe dlstance
of both flelds of interference 1is:

A
by - by = by lli—l—% = 0,003L6 by

This difference is of such a small order of magnltude
that it 1s negliglble in the evaluaticn of the Iinterference

Ffringe photographs.

A shlift In the positlion of the Iinterference fringes
after k fringes which can be calculated results from
the emission of the two different wave lengths, The
region where the fringes, counted from the zero- .
interference, Jjust disappear is characteristic. This
dlsappearance occurs when the difference 1n fringe
distance In k fringes measures exactly one half of

the fringe width: g= kb ——i—-‘?— that 1s, the number
1l
of the fringes k bayond which this characteristic
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place in the fringe photograph appesrs 1s independent
of the fringe wildth that - was ad;usted:

A
2(M - A2)
With Ay = 5790 AU and '32 = 5770 AU, k becomss

145, thet 1s, counted from the zero-interference, the
" Interferences dlsappear after 145 fringes or aftsr
every two k, 2k = 290 fringes, respectively, a full
saturation of interfersnce fringss recurs perilodically.
A similar appearance of groups of 1nterference fringes
may b3 recognized in figures 12, 12{a), ara 12(b).

If the light of a continuocus light source, for
Ineztance en ordinary incandescent lamp s used, the
linit of saturation for ths interference fringes.can
be found by lnserting for A the mean wave length of
the effective srectral domain of about [1000 to 6000 AU
and for kl - AZ one half of the difference of the

M _ 5000
2(7\l - xz) 2%10Q0

two extreme wave ‘angths, k =

= 2.5 fringss moans that there exlsts only a total of
about five saturated interference fringes in the whols
fleld; figure 9 confirms this fact.

Reforence 8 and reference 9 treat the evaluation
of interference fringe photogiraphs; the thecretlcal
relations between the denslity whlch was optilcally
determined end the other state wvariables pressure
and temperature are derived thera,

-

6. TECHNICAL POSSIBILITIES OF APPLICATION .
OF THE.INTERFEROMETER '

-

] The extraordinary sensitivity of the interference

' method permits measurement of changes of index of
refraction of matter of 1/20,000,000 (length of the
measured region 1 m). The region of sensitivity
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may be changed extensively by adequate selection of
wildth of the fringes; the width can be adjusted in
any way by means of the two plates Pl and Pa,

(Seo figs.5 and 15.) For instance, for large

changes in denslty very narrow fringes will be selected
because a wide bulging of the fringes 1s to be expected;
very small changes 1n density, on the other hand, call
for greater wldths of the fringes. For the extreme
caege, investigation by means of very wide fringes will
be used for small flelds of density,

To undsrstand the extent of sensltlivity of this
measuring method cne should besr in wind that in cases
of wide lnterference fringes smsall fractions of this
width cen stlill be measured sccurately, and yet a
bulge of one whole fringe wldth ccrresrvondz to a
change of the optical path of one light wave length
only ( 00578/1000 M) .

Thermodynamlics, flow pioblems, gas dynamlcs, the
determination of denalty 1n ststic gaseous and liquld
matter, of transperent solid stbatences and stress
analysls for transparent solld and liguld substances
are the main flelds of applicaticn of the Ilnterference
iwethod.

The applilcaticn of the Ilnterfsrence method is of
speclal lmportance 1n the. Investigation of bodles in
a flow at high velocltles in the region of subsonlc
flows. At the high flight veloclties already planned
and under the Influence of compressipbillty,local sound
waves appsar on the wing profile; these sound waves
influence considerably the propertiea of drag and 1ift
and therefore the flight characteristics of the body.
The optical mesasuring mathod is oespecially valuable in
this critical flow domain where methods of measurement
that were proved good 1in wind-tunnel practice at lower
alr speeds are no longer acrnlicable., Furthermore, the
method of Interference permlts the investligation of

unateady flow phenomena on the wing as for sxample
occur w*th the sudden extension of split flaps, or
the extenslon of nose flaps, or the onenin" of slots,
etc., The variation of the dnterference fringe fleld
which 1s a measure for the varlation of the fie¢ld of
density in the medium under investigation occurs free
of lnertia,
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7. TECHNIGAL PEGULIARITIES OF THE INTEREEROMETER

The fact that by an optlcal system of plates and
mirrors and a.speclal precislion adjustment of these
agegregates to_each other light may be brought to -
interference does not yet give any certainty as to
whether such an instrument is appropriate for technlcal
measurements. Mostly speclal conditlions of set-up,
which are not possibleé In technlcal application, had
to be fulfilled for the interferometers of this kind '
known so far; by the way, only a very small number of
them exlsted in Germany until e few years ago. They
were set up horigzontally on a-very heavy and solid
ground plane in rooms free of vlibrations or on
especlally fabricated foundations and 1n rooms which
had partly thermostatlcally regulated temperatures.
Yet, circumstances permlitting, the heat emanation
of the human body when near the interferometer was
aufflicient to make the 1lnterferences disappear; Iin
sensitive adjustment, small deformations of the
Instrument resulted from this iInfluence of temperature,
Somstimesa a light pressure of a finger on that ground-
plane welghing several zentners® was sufficlent to
change the interferences,

The conclusion had to be drawn from these observa-
tions that flrst of all the sensitivity ageaelnst
temperature and agalnst mechanlical 1nfluences must
be elimingted by a more favorable technlical setup.
Therefore for the flrst time a lattlce support was
built which was cantilever and shaped according to
the principles of bridge constructlon, but elastlc
in 1tself; thls lattlce ecarrler sunported the mirror
aggregates. (See figs. 1 and 2.)

. To equalize the temperature a sneclal Invar-steel

alloy was selected whlch 1s far superior to steel; 1ts
ngitudinal expansion coefflcient, when heated to
100° centrigrade is a = 0.,00000§ as contrasted with

the longitudinal expansion coefficlent of steel

@ = 0.00165. The lattice system must not be welded

"+ because these outstanding properties of the Invar-steel

are lost agaln by a change of structure as 1t occurs in
welding.

2) zontner = 110.23 pounds.
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Furthermore, the 1nstrument was constructed for
perpendicular arrangement and suspended floating in a
frame of tubes by means of asprings 80 that 1t was
freely movable in all three directions of space. Ths

natural frequenocy of the instrument W, = \/%

can be adjusted to the clrecumstances by an adequate
selection of the spring constant ¢ if the mass m of
the instrument 1s given. The sslectlion of a natural
frequency much smaller than the present stimulating
frequency of the vibrations which have effeot upon the
instrument from the outside will prove practical.

Then the vibrations are rendered iInnccuous and the
damping 1s sufficient so that the Iinterference fringes
remaln unchanged snd measurements are posslble even In
rooms with large vlbrations.

The moblle arrangement 18 a further pecullarity
of the instrument; large flalds of denslity may thus
be measured in various locations by means of the small
mirrors which are avallable.

The optical apparatus whlch is used for teking the
interference photographs 1s most practically fastened
to the interferometer 1tself on a small optical bench;
1t joins in every move of the Instrument so that the
full field of interfesrences 1s always l1lluminated
irrespectlve of the poslition In the field of denslty:
to He investigated.

If the body undsr investigatlon ls more axtended
in length (for instance,-a heated pipe or the span In
the model of a wing) aa optical dlstortion results
becauss the two boundary plares lie at different distances
fron the lens. Thils fact must be taken 1nto consideration
alreaedy when.setting the camera with respect to the
body under 1lnvestigation; the body must be adjusted 1n
" such & manner that two fixed points at the corresponding’
locatlons of the boundary planss lle exactly in the
optical exis,

This distortion can be minimized by first deflecting
the light coming from the interferometer through prisms
and thus sxtending the objJect dlistance. Thls method 1s
advantageous for the. reason that one can work with great
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focal distances of an optlcal apparatus and that one can
fasten the optlcal apparatus directly to the Interferometer
in spite of the grsat distences fronm the objJect under
Investigation., The small loss of .light by absorption
~ of the alr on the path outslde of the instrument which
was lengthened artificlally i1s unimportant; for the light
at our disposal 1s approximately parallel and so bright
that times of exposure down to 1/200 second arc posalble
when & light fllter 1s used.

Finally, I should like to mentlon that the use of
thick zlass plates as boundary plenes of the density
fielad to be  investigated does not present any difficultiws.
@Glass that is optically flawless and free of stress and
reglons of varylng refractive index should he used;
howsver, 1t need not be exactly plane parallel.

Only u correct compensation of the phase shift 1is
importent in the use of pluates c¢f this kind. I this
phase shift 18 made by zdjuating the interferometer
with regard to distance (nlcreowmeter slids at Ps)sa

second adjustmesnt ¢f the mlrrors nmlght be nocessary
a8 the plates are not exactly »nlane parsllel.

Ilowever, thors exists « muoch sinpler method: one

can Insert & glass plate into the secund light path ashich

was so far undlsturbed; this gluass nlate should be
apnroximately as thick as the twe boundary wlates of the
density flald pui tegether. If thils compensator nlate
can be revolvsd und Inclined, interferences of good
quality wlll be found agaln without a change in tlie
exact basic adjuntmsnt of the Iinstrument. As long as
these glass plates are beilng used the intarfsrences
also can be changed 1n any way by the two mirrors

Pl and P 2°

8. SUHMMARY

The physical foundations of an interferencs msthod

were discu3sed; an lnterferometer was deccribsd which

" was ‘develovned for the opticsel measursment of density
flelds., The technlcal structure of the instrumsnt
1tself was stressed; also an adjustment method which
olimdinated difficultlies In the adjustment and control
of such instruments that were hitherto consldered
very lntricate.
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The light sources which are most appropriate for
spectral examlnations end filtering which 1s adequate
for a high degree of monochromatlc light and photographlos
effectiveness were inveatigated; as a result photographs
of saturated interference fringes (compare figs. 13 to 15)
with times of exposure of 1/100 tol/200 s were obtulned
even for long light paths 1n filtered light. The results
of the present treatlse make the apnlicatlon of
interferometers to the most delicate measurements of
density possible, =ven for Ilndvstrlal applications;
they also render the Investlgation of unsteady problems
feaslble; therewlth the way 1s paved for an introduction
of the Inteference method into many technlical flelds of
applicatlion, )

The observation of the region of interference on
a wing model of about 10-centimeter chord and
j0-contimeter span showed already at a flow velocity
of 110 m/s characteristic bulgings of the interference
fringes near the proflle surface, The sensitivity of
the measuring method iIncreases linearlly with the
extension in length (span) of the region under investiga-
tion; the changes 1n denslty to me measured lncreass
with the flow velocity. Already for a span of about
2 metars and veloecitles of 100 to 200 m/s there result
bulgings of the -Interference fringes which cgn be
calculated; their magnitude 1s such that wvery small
fringe dlstunces must be used, Herewlth the assumptions
for the determinatlon of the density fleld whilch
surrounds bodles in a flow and for the lnvestigation
ol numerous important flow problems are glven,

At the time these observations in the wlind tunnel
were made spectral light sources of hlghest intonsity
had not yst been analyzed; therefore these lnterference
photograrhs could not yet be taken.

After the problem of 1llumination had been solved
the wind tunnel was, by a technlcal mishap, shut down
for several montha; thsrefore such Interference
photographs about bodies 1n a flow will be published
later.

Trenalated by Mary L. Mahler
National Advisory Committee
for Aeronautios
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Figure 2.- Mobile and floatingly suspended interferometer.
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Glass plate
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Figure 3.- Formation of interferences of equal thickness at the wedge-
shaped plate (L. 12).
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34
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Figure 4.- Four - plates— system according to Mach and Zehnder
' (L 11).
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Light source

Lens

y Screen

Tigure 5.- Generation of the interference phenomenon at any distance
from the instrument by mirror adjustment (L. 12) (B' is the
location of the interference phenomenon. )

Figure 6.- Parallel adjustment of a pair of mirrors at a time by
observation of a remote object.
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(L 11, L 12).

Paths of the rays in a pentaprism.

Adjustment of the mirrors by means of a pentaprism

Figure 7.-

NACA TM No. 1184
Figure 8.-
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Figure 9.- Zero - interference in continuous white light.

Light source
A

Lens

Fleld of density —-

Screen

Figure 10.- Setup of the interferometer for taking the interference
fringe photographs.
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Figure 11.- Relative spectral energy distribution of the mercury
high-pressure discharge (from Z. f. techn. Physik; 14; 1933, 393).

Figure 12a.- Without density Figure 12b.- With density
field. field.

Figure 12.- Groups of interference fringes in unfiltered mercury
light. Time of exposure: t = 1/500 sec.
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Figure 13.- Displacement of fringes in the proximity of a heated body.|
t = 1/100 sec.

Figure 14.- Displacement of Figure 15.- High-degree
fringes by changes in deformation of the inter-
density in supersonic flow ference fringes by large
(L 11). t = 1/100 sec. changes in density of the

medium under investi-
gation. t = 1/100 sec.




