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The optical system of a new-type interferometer utilizing 
schlieren optics is described. In this in& rument, former limits to 
the working-field size imposed by the practical size of conventional 
interferometer optics are removed. A conventional 24-inch-diameter 
schlieren instrument was converted to an 'interferometer and operated 
with.an 1% by X&inch supersonic tunnel. Interference photographs 
taken tith th8 instrument a?Z8 pr8Se&ed, 

IXFRCDUCTION 

Application of the Mach-Zebnder interferometer to air-density 
measurement has established th8 essential validity of the data and 
theuSefuln8SS of the interference method in aerodynamics. The optics 
Of th8 instrUment, hoW8V8r, set a practical limitation to the size of 
the working field that could be attained. In particular, splitter 
plates larger than 16 3.nches in diameter are extrem~y expensive ana' 
are difficult to fabricate. I 

This practical limitation to interferometer size has been avoided 
by a number of new-type fnterferometers having large workingfields 
but using small splitter plates' (references 1 and 2). These designs, 
although using small splitter plates, require additional optical ele- 
ments that complicate the structure of the instrument. 

In an attempt tc make larger installations both practicable and 
economically feasible, the optical elements and structural frame of a 
conventional 24-inch-diameter schlieren apparatus were COnV8rt8d to 
an interferometer. This instrument, operated with an 18- by 18-inch 
supersonic wind tunnel at the WACA Lewis laboratory, has produced 
frinZ;es that ar8 believed to be satisfactory for air-density 
measurement. 



NACA m E5OI27 
I 

DESCRIITION OF OPTICALSISTEM 
4 

Th@ optical system of atwo+n2rror eoblierenapparatuethathas 
been converted. to an interfercmzter is shown in ffgure 1. 

The conversion unite (fig. 2) installed fn place of the source 
and knife edge of the schlieren are identical. Each unit consists of 
a single splitter @Late S and three mirrors M (fig. 1). In their 
initial poeition the four plates ara mutually parallel and are oriented 
450 to the optical center line. Along the center line, the distances 
WlSl and M&S1 -equal, The diatancebetweenthe sohlieren 
mirror Pl and the splitter plate le adjusted so that the astigmatic 
focal line f ooinuides with the eplitter plate. 

With mirrore and splftter plates in initial poeitions ami with the 
light source wd at the surface of s@.itter plate Sl, half the 
parabola P1 is illuminated by light reflected frau the s-jitter plate 
andthe other half is iUllml~~dbylightf;ransmittedthrcrughtlae 
eplitter plate. When the splitter plate is rotated fram its initial 
position through an angle 8/2,where 8 if3 one-half the aperture 
ratio of the parabola, the test and reference basms in the tunnel are 
provided by the sams half-cone 8 of the Incident light beam. Every 
ray in the incident beam is divided by the splitter plate into twc 
coherent rays of lesser intensity, one ray entering the test beam and 
one rayenteringthe reference beam. Correeponding pin-b of the test 
and reference beam (cross-aeotion A-A, fig.1) arethencoherentand 
till interfere. Interference is obtained by rotating splitter plate S2 
throughangle G/2 causing the two beam to overlap (section B-B, 
fig. 1). This tijustment produces a fringe of infinite width. When 
nonmonochromatic light is used, it is necessary to adjust the two besms 
for zero path difference. This adjustment canbe tie by translating 
mirror Mg. 

To adjust for finite fringe spacing tiththe fringes focused at 
the cmera Uage and its conjugate plane atthetunnel, each pair of 
coherent rays must intersect at these planes. Starting at the infinite 
fringe adjustment with a zero angle, rotation Of mb?rOr &j and 
splitter plate 92 fe required (fig. 3). With rotation Of miZTOr Mg 
through a maU angle 42, the coherent rap no lon&r coincide but 
intersect at angle a at MC, distance a frcm S2. To move thee 
intersection point to the plane of the tun&l, 62 is rotated through 
angle P/2. The ratio P/a can then be detemned fram the figure. 
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Because the distanoe d is usually much greater thau a, approximately 
equal rotation is required for BQ aud SS. In moat two-mirrar 
schlieren &signs the tunnel is at the foosl distanoe ti parabola PZ. 
The opticsldistanoe d istheninfinite,and B= a. The equal angles 
suggest a gear or linkage for operating both plates by one control. 
Winkler has shown that similar methods are feasible for the Mach-Zehnder 
interfercmeter (reference 3). 

To obtain fringes orientated in any other direction, M6 and SZ 
musteachalso rotate aroundansxis perpendicularto the fir&axis, 1 
with the second. tie lgng in the plane of figure 3 and also in the 
plane of the plate. l 

. Smmarizing then, the adfu~tmente required to obtain fringes are: 
rotation of Sl about8 vertioal axis to obtain coherent rays, trans- 
lation of Mg for zero Optical p&h difference, and rOthiOn Of &3 

and s2 about two perpendioular axes lying in their reflecting surfaces. 

c 

A 3/16-inch-diameter aperture plate was installed on the optical 
center line adjacent to splitter Sl and between Sl and the con- 
densing lens, thereby providing an effective light source sharply 
defined in size and having a maximum intensity (fig. 1). The focus m 
of the parabolic mirror was then adjusted to coincide with the plane 
of the aperture. With light from the source focused upon the aper- 
ture, the entire unit wss rotated so that the light beam was centered 
upon the parabolic mirror and the unit was bolted to the pedestal. 
The light, after passing through the tunnel and reflecting from the 
second parabolic mirror, converged through the second conversion 
unit that was placed with its splitter plate at the focus of the light 
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beam; The unit was.then.rotated so that the -edge of mirror MS pre- 
cisely divided the two incident beams while their focal points remained 
centered upon the splitter plate and the unit was bolted to the 
pedestal. 

The amount of rotatfon 6/2 of splitter &ate Sl was determined 
by &.ghting from the extinguished light source through the conversion 
unit and rotating S1 until the two halves of U.&tunnel overlapped., 
shown in section B-B in figure 1. Adjustment for interference was 
made at the secondconversion unit by the came teuhnique used with the 
Mach-Zehnder interferczneter; that is, a sod.ium lamp was placed behind 
the'B=H6 lam&which was then removed. Asrs?iLlinstrument lampwas 
placed between the condensing lens and the sodium lamp, and 8 second 
instrument lamp was placed close to splitter Sl between the splitter 
and the aperture plate. WCth the camera removed,a double image of each 
instrument lamp was seen by sighting through S2. The double fmages 
appearing at S2 were made to fuse by adjustment of mirror M6, and the 
double Smages appearing at a distance from S2 were made to fuse by 
rotating S2. When both Images appeared fused, S2 was at angle 8/2. 
The infinite fringe was vfsible in sodium light. By alternate rota- 
tiorLI3 of M6 and $2, fringe8 of the desired. spacing and OZt?ientatiOtM 
were focused to appear vertually in the tunnel. The camera was put 
back i&o place and fringes appeared on the ground glass. 

To obtain white-light fringes, it is necessary to establish zero 
opttoal path difference between the two interfering besms, for al.1 wave 
lengths. St was foundexperimentallythatchrcsnatio aberration of the 
&laser of the splitter plate 'W&E compensatedby-a window of equalthick- 
neas introduced in each conversion unit (fig. 4). A &volt microscope 
illuminator lamp wa8 substituted for the B-H6 lamp at the source. The 
grcmd glass of the cmmerawas removedand a epxrtroeocrpe capable of 
two angstrom resolution WBB placed'with its slit at the focal plane 
of the camera. When the optical path difference of the two beams 
did not exceed 1 milldmeter, many fringes were visible in the white- 
light spectrum Been through the eyepiece. By translating M6 in the 
porrect direction and redjusting M6 and S2 to maintain focus of 
the fringes, the fringes beoeme fewer in number. When only one or 
two fringes were seen over the spectrum,the zero path difference adjust- 
ment was attained and white-Ught fringe8 appeared on the ground glass 
of the camera; When the optical path difference of the two beams 
exceeded 1 millimeter, fringes in the white-light spectrum could not be 
seen and it wae necessary to translate Mg in one dfrection or the 
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other until the path difference was within 1 millimeter and the spectro- 
scope test cazld be ueed., With the large translatfon of M6 fn such 
c&Bee, it was neceaary to readjust for sodium-light fringes. However, 
the total time required for adjuatmnt did not exceed the time required 
for a Mach-Zehnder interfemter In t'he same condition. 

As shown in figure 1, an Meal adjustment of the optical system 
would cause an overlapping of every pafr of coherent rays. Distortions, 
however,'caueed by the off-exis parabolic mirrors were additfve and pre- 
vented precise overlapping of Etllpatis of rays at the @Lax-of the 
camera. As aresult,with an&endedHght-scrurce aperture, the fringe 
contrast became so poor over part of the -that frfnges were not 
visible. A similar condition of the interfering rays was encountered 
by Bates in another new-type interferometer (reference 4). A method 
is given in reference 4 for comgut;mg the fringe visibility as a func- 
tion of the sour&e dimensions. A restricted ~curce aperture of 
0.03-Inch diemeter was found to compensate for the distortion effect 
and provides g& fringes over the entfre -working field. These fringes 
are shown in fi@ re 5, which was exposed tith a IO-microsecond flash of 
a B-H6 mercury lamp filtered for the green mercuqy'llne. The image was 
too large for adequate exposure. An image one-tif as large, on a 4- by 
5-inch negative, would have provtied. a satfisfactory exposure. 

Figure 5 ehowsthe frkge configuratfonthatreeults whenalamp 
is placed in the tunnel. The fringe curvature in the undisturbed part 
of the field is charactetistic of this two-mirror off-axis system. Two 
meteLL rods visible fn the ffeld are part of a model support structure in 
the test bean. The disturbance of the fringes caused by room-ah con- 
vection was prevented by using an enclosure of rubberized cloth on a 
wood frame erected around the light path. 

The installatioa W&B located on the second floor of a four-story 
reinforced concrete frame buil&Lng. The para;bolicmirrors, source, 
and camelyb pedestals were individnallymounteduponthe floor, which- 
served as the frame of the interferometer. The tunnel was supported by 
an independent structure not attached to the building. When the tunnel 
w&9 not in operation, building vibratfon dfsplaced the fringe pattern 
erraticall.y across the vi&ng screen with an amplitude of about one 
pringe. Ease of adjustment was not affected-by this motion. No fringe 
displacementwas noticedwhenpersanswalkedaboutthe room. During 
tunnel operation the fringes became difficult to see on the viewing 
screen and precise adjustments were dffficult to make. This was caused 
partly by building vtbration amplified by the noticeable lack of 
rfgitity in the pedestals and partly by unsteady air flow, as fnferred 1 
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from high-speed movies that were taken. The short duration of exposure 
eliminated the vibration-caused blurring in the photographs. Several 
successive frames from a l6-millimeter high-speed movie are shown in 
figure 6, where the fringes are seen to have randcan kinks of about 
l/2-fringe smplitude caused by unsteady air flow. 

. 

The conversion unit can, in general, be operated with any schlieren 
system. A single-mirror schlieren shown in figure 7 is a simple arrange- 
ment that requires only one conversion unit. The compensator window is 
relocated next to the splitter plate. The size of the light source is 
not so limited as it is with the two-mirror off-axis schlieren. Inter- 
ference fringes for a single-mirror schlieren taken with a 16-inch- 
diameter spherical mirror with 80-inch radius of curvature are shown 
in figure 8. 

SCMMAJZOFlESIETS 

An interferometer utilizing 24-inch-diameter ~chlieren mirrorrs hae 
been operated successfully with an 18- by 18-inch supersonic tunnel. 

Illumination of the oemera image was eufficient to expose either 
a 16+iI.Umeter high-speed motion pioture with continucua iUumination 
from the B-H6lamp or a 4- by 5-inch film with a 10 microsecond. flmh 
of the B-H6 lamp. 

Although the components of the interferometer were independently 
mounted upon the floor of the building, vibration did not seriously 
affect the ease of adjustment of the instrument or affect the quality 
of the photographs. The fringe configuration is considered regular 
enough to permit measurements. 

Lewis Flight Propulsion Laboratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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Figure 2. - Jhterferac-ster oomereion unit. 
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F&me 5. - I irbeHerence frlngem at Is- by 184nah tmneL 
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FQWB 6. - Suucessiveframeafraahl&-epeedmvie of l&by LB-lnchtmmelwithair 
flow. (1000framee/!3ec) 
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P&ure 7. - single-mifior mhl.leren ae an lmiarfercpneter. 
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Figure a. - Interfererme fringea with single-mirror echlieren. 
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