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INTRODUCTION 

In order to visually demonstrate chemical en­
gineering phenomena to undergraduates, many 
inexpensive experiments have been developed. It 
is the purpose of this article to describe the de­
sign of a rugged interferometer-Schmidt Schlieren 
apparatus that can be used for serious research 
as well as undergraduate demonstration and ex­
perimentation. The Laser Grating Interferometer 
described herein costs about $600, quite inexpen­
sive when compared with the price of a com­
mercial instrument. 

INTERFEROMETERS, SHADOWGRAPHS, AND 
SCHUEREN 

There are three basic types of devices nor­
mally used for observing changes in the refractive 
indices of transparent materials: 

la) The shadowgraph, shown schematically in 
Figure la, consists simply of a point source of in­
coherent monochromatic light, a screen for pro­
jection of the shadows, and some type of photo­
graphic arrangement, which shall be shown here 
as a photographic plate. With this very simple 
set-up one can only measure the gradient of the 
density gradient, information that is useful pri­
marily in exterior ballistics and not in chemical 
engineering. 

lb) The Schmidt Schlieren (or "streak") 
equipment of Figure lb, consists of a point source 
of light located at the focal point of a parabolic 
mirror, and a photographic system located several 
feet from the object (Schmidt used a distance of 
50 meters). Since one can measure the density 
gradient directly (and hence the thermal gradient 
in incompressible flow) this equipment has been 
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Figure la. -Schematic of Shadowgraph. 
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Figure lb.-Schematic of Schmidt Schlieren Equipment. 

used extensively for the determination of the 
local heat transfer coefficients.1 The Schmidt 
Schlieren apparatus should be considered a spec­
ialized form of the shadowgraph. It should be 
pointed out that the best description of this equip­
ment can be found in Schmidt's original article. 2 

2). The Schlieren equipment shown in Figure 
le consists of a point source of light at the focal 
point of one parabolic mirror, a sharp edge or 
slit located at the focal point of a second para­
bolic mirror, and a photographic plate placed at 
some convenient distance. This equipment is fre­
quently used for investigation of compressible 
fluid phenomen,a, but has been found suitable for 
incompressible fluid measurements only where 
the density gradients depend on temperature 
gradients. 

3) The Mach-Zehnder interferometer, shown 
in Figure ld, is the most accurate device for the 
measurement of density ( or index of refraction 
variation) known. It consists of a point source 
of light that is divided by a beam splitter into a 
reference beam and a beam that passes through 
the effected field. When the beams are brought 
together again, the increase or decrease in the 
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Figure lc.-Schematic of Schlieren Equipment . 
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Figure ld.-Schematic of Mach-Zehnder Interferometer 
Equipment. 

path taken by the effected beam owing to the 
changes in the index of refraction causes inter­
ference patterns to appear on the photographic 
plate. Hence the interferometer enables one to 
measure density ( or in incompressible fluids, 
temperature or concentration) directly. These 
interferograms are familiar to everyone.3 

The relative ease of alignment of the equip-
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ment, a representative price and relative amount 
and accuracy of the information obtained for the 
three pieces of equipment described above are 
listed in Table I. As is apparent, the more in­
formation one requires from the test specimen, 
the more expensive the equipment becomes and 
the more sensitive and difficult the alignment be­
comes. 

LASER EQUIPMENT 

The recent development of continuous gas 
lasers producing coherent light has revealed a new 
dimension of optical research that can be exploited 
by chemical engineers. In a recent article, J. R. 
Sterrett, et al.4 describe the development of a 
laser grating interferometer. This unit, shown 
schematically in Figure 2a, utilizes a Helium­
N eon 6328 A laser in place of the incoherent 
point light source, a small lens for spreading the 
beam, the Schlieren set-up of Figure le, and a 
diffraction grating in place of the knife-edge. 
Since the laser produces coherent light, the inter­
ference patterns are produced without the use of 
a reference beam and all the microscopic adjusting 
equipment that goes along with beam splitting 
devices.* 

DEVELOPMENT OF INEXPENSIVE LASER GRATING 
INTERFEROMETER 

Development of an inexpensive interferometer 
using the ideas of Sterrett, et al., was undertaken. 

*When the laser reference beam is used, one obtains 
hologr ams, which when viewed with coherent light, re­
construct three-dimensional objects complete with paral­
laxs. The utilization of this technique in chemical engi­
neering will be discussed in a subsequent article. 
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Figure 2a.-Schematic of Laser Grating Interferometer. 
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TABLE I 
Comparison of Devices for Optical Observation of Changes in Refractive Indices 

Representative 
Manufactured 

Description Price Data Obtained 

Shadowgraph $1,200.1 Second derivative 
of density 

Schmidt Schlieren 4,950.2 First derivative 
of density 

Schlieren 7,777.3 First derivative 
of density 

Mach-Zehnder 65,225.4 Density 
Intereferometer 

1E.G. & G. Model 549 Microflash Point Source. 

Ease of 
Alignment 

Simple 

Relatively 
Easy 

More difficult 
than Schmidt 
Schlieren 

Very difficult 

Accuracy and Use 
of Information 

In compressible flow, position of shock 
waves 

In heat transfer, local heat transfer co­
efficient to ± 10% 

In compressible flow, rarefaction and secon­
dary shock waves 

Once aligned, accuracy is very high for all 
work 

2Carl Zeiss, Inc. Catalog No. 64 22 34, 200 mm diameter by 1.6 m radius of 
curvature. 

3 Carl Zeiss, Inc. Catalog No. 64 23 34, 2 mirrors as above, complete with mounts 
and illuminator. 

4 Carl Zeiss, Inc. Model No. D 2, Catalog No. 64 21 03 with 12 x 18 cm test field. 

The mirrors selected were 8-in. diameter front­
face ¼-wavelength parabolic telescope mirrors 
with 64-in. focal lengths. The mirror mounts 
were purchased and mounted in mirror support 
brackets that were made in the departmental 
shop. The support brackets are shown schematic­
ally in Figure 3. The laser was a 0.3mw. Optic 
Technology Model 170. The diffraction grating 
used was 500 lines/ in .. * These items, along with 
their supplier and the cost, are listed in Table II. 

'PAftAl!IOLIC. M,t'll\O\ 
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The total cost of all purchased equipment exclud­
ing photographic equipment was $617 .25. To re­
duce distortion, the laser was placed as close to 
the parallel light path as possible, and for inter­
ferometric work, the diffraction grating and pho-

*Gratings of 100 lines per in. or fewer produce a f uzzy 
image, and those with 2000 lines per in. produce multiple, 
overlapping orders of interference.4 Gratings of 15000 
lines per in. produce a hierarchy of orders of interf erence 
that appear as a mosaic pattern. 
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Figure 2b.-Schematic of Equipment incorporating both 
Schmidt Schlieren and Interferometer. 
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tographic plate were also placed as close to the 
parallel light path as possible. To obtain a large 
working field the mirrors were placed on sepa­
rate tables. This is not to be recommended, how­
ever, since it necessitates leveling and alignment 
of two tables rather than one. For research work, 
and permanent demonstrations, a U-shaped mir­
ror support table would be desirable. 
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Figure 3.-Parabolic Mirror Support Brackets and Frames. 

EXPERIMENT AL RESULTS 

The initial alignment of the mirrors was car­
ried out using a continuous point source of inco­
herent light from a Black Light Eastern Spectro­
line Zirconium Arc Model 1702 PS* However, it 
was found that the mirrors were more easily and 
rapidly aligned with the laser. In addition, it was 
much easier to place long specimens in the field 
parallel to the light field with the laser. With the 
mirrors placed 15 ft. apart, the field is approxi­
mately 4 ft. long by 7 in. in diameter. During 
initial development stages of this equipment, the 
test specimen was a ¼ in. diameter aluminum 
rod, 4 to 20 in. in length. The specimen was 
heated to about 100°C with a Bernz-o-matic 
torch and suspended in the field between the mir­
rors on a ring stand. It is suggested that for 
interferometry work, a minimum of 15 ft. be 
allowed between the mirrors. This will minimize 
distortion and provide elbow room while the 
equipment is being adjusted. It is also advisable 
to have 15 ft. between the specimen and the photo­
graphic plate for Schlieren Shadowgraph work. 

,:, Black Light Eastern, 24 Kinkel Street, Westbury, L.I., 
N.Y., $67.50, 2 w., zirconium lamp. 
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TABLE II. 
Equipment List for Inexpensive Laser Grating 

Interferometer 

Description Manufacturer Price 

8-in. diameter tele- Edmund Scientific Co. $178.00 
scope parabolic front Barrington, N. J. 
face mirror with 
64-inch focal length 
and ¾ -wavelength 
surface (2 required), 
No. 85,069 

Mirror Mounts (2 Edmund Scientific Co. 55.50 
required) No. 70,536 

Mir ror Supports Ohio University Engr. 
Development Lab. 

Mirror Support Edmund Scientific Co. 2.00 
Center Posts (2 
required), No. 40,392 

Continuous Gas Laser Optics Technology, Inc. 295.00 
0.3 mw. at 6328 A. 901 California Ave. 
Model 170 Palo Alto, Cal. 94304 

Diffraction Grating,* Central Scientific Co. 7.25 
Transmission Type, 1700 Irving Park Rd. 
2000 lines/ inch Chicago, 13, Ill. 
No. 86265 

Neutral Density Filter Fairchild Industrial 9.50 
1 % Transmission Products 
HS 1402 221 Fairchild A venue 

Plainview, N.Y. 11803 

TOTAL $617.25 

*Ronchi Rulings can be used here also. See Edmund 
Scientific for various lines per in. 

Polaroid 3000 in 4 x 5 film packs was used 
with a camera shutter with a speed of 1/ 100 sec. 
placed ahead of the laser. Even with the rela­
tively weak light source, quite good photographs 
were obtained at this speed owing to the mono­
chromaticity of the laser.t 

A Schmidt Schlieren laser photograph of natu­
ral convection from the hot rod looks exactly like 
the original2 (see also Reference 3, Fig. 11-7). 
The laser interferogram of the same rod shows 
very clearly the isotherms, exactly like that of 

t Quite spectacular photographs can be made using 
Polaroid 58, color, owing to the red laser light. For 
serious work, however, the color film was found to be too 
slow. For very accurate work involving measurements 
from photographs, a fine-grain film such as Pola Pan 52 
can be used. 
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Figure 11-9 of Reference 3*. To obtain the 
Schmidt Schlieren photograph, the laser inter­
ferometer was first set up, and . then an 8-in by 
10-in flat front-face mirror was placed in front 
of the second mirror. (See Fig. 2b). Some minor 
refocussing of the photographic plate was neces­
sary; however, both pictures were obtained with­
in 20 minutes. 

DISCUSSION 

With a minimum of preparation and align­
ment, this equipment can be assembled in a dark­
ened room for demonstration of heat transfer, 
mass transfer, or interfacial turbulence.6 In ad­
dition, since the sharpness of the images allow 
for critical experimental determination of bound­
ary layer thickness, thermal gradients, etc., sev­
eral undergraduate transport phenomena experi­
ment could be conceived using this equipment. 

This unit, as shown in Figure 2b, was used to 
measure local heat transfer coefficients from con­
tinuous moving belts into ambient stagnant air. 
Results of this research indicated that good agree­
ment exists between experimental values and 
theoretical values, determined from similarity 
principles applied to the boundary layer equa-

*It is recommended that the rod not be heated to 
redness. At very high temperature differences, the light is 
refracted from the heated surface to such a great extent 
that the isotherms are obscured. 

tion. 7
•
8 Chemical engineering research at Ohio 

University in the areas of heat and mass transfer 
from extruded filaments, diffusion into polymer­
solvent systems, and the like, will continue to 
utilize laser interferometers, coupled with high 
speed photographic systems, microscope systems, 
and the new techniques of 3-dimensional holo­
graphy. 
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