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Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 
The field of this invention is that of optical spectrum 

analysis more particularly to the use of interference tech 
niques for this purpose. 

Interferometry as applied to spectroscopy in general 
possesses several distinct advantages over conventional 
dispersive techniques, such as those using prisms and 
gratings, for obtaining information as to energy distri 
bution within the spectrum. Principal among these ad 
vantages are greatly increased sensitivity, since light from 
the source under examination is not scattered, and in 
creased resolution. Heretofore, however, interferometry 
has not been particularly favored as a tool for spectral 
analysis because of certain intrinsic difficulties in data 
reduction. Primarily, these difficulties flow from the fact 
that the brightness or intensity function obtained direct 
ly from the operation of an interferometer is not a rep 
resentation of the source energy distribution but is rather 
a representation of a function, the inverse Fourier trans 
form of which represents that energy distribution. 

Previously, special analysis by interferometric tech 
niques was carried out by slowly changing the relative 
lengths of interfering light paths, for example by displac 
ing a mirror in a conventional Michelson interferometer, 
and measuring the intensity of the interference fringes 
thereby produced as a function of path difference. This 
function, obtained in the form of a single interferogram, 
was then transformed either by laborious hand calcula 
tion or by programming a relatively elaborate computer, 
to yield the energy profile. A chopper has to be used in 
the light path in order to obtain an A.C. signal that can 
be practically handled. 

Objects of the present inventions are to provide a tech 
nique of spectral analysis by interferometry which per 
mits the obtaining of an energy distribution profile with 
out the above mentioned difficulties especially extensive 
calculation, and which yields high sensitivity and high 
resolution with a minimum of effort but high accuracy 
for all purposes including the gathering of spatial infor 
mation and the observation of rapidly fluctuating sources; 
to provide apparatus for spectral analysis which is simple 
and rapid in operation, which is of compact and light 
weight construction, which is relatively inexpensive, 
which will operate with all types of, including weak or 
unsteady light sources, which is highly reliable and which 
does not require an elaborate or expensive optical system. 
The substance and nature of the invention can be sum 

marized in characteristic aspect as follows. 
Light from a source to be examined is passed through 

an interferometer that permits the varying of the dif 
ference between the two interfering light paths within the 
interferometer for example by means of a movable 
mirror. By doing this at a constant transposition velocity, 
a fluctuating light output can be obtained which is a linear 
representation of the variation in time of the intensity of 
fringes, as opposed to the displacement or path difference 
function mentioned above with reference to conventional 
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spectroscopy. This time function is characteristically 
made up of component frequencies, the amplitudes of 
which are representative of the energy distribution of the 
source light among corresponding wavelengths. The cor 
respondence between the component frequencies in the 
light output and the wavelengths of the source light is de 
pendent upon the particular transposition velocity at 
which the path difference is varied, such as by moving a 
mirror or other optical instrumentality. 
By choosing the transposition velocity so that the com 

ponent frequencies are within the range of frequencies 
that can be conveniently handled by conventional elec 
tronic equipment as, for example, the audio frequency 
range, and by repeating the movement such as that of a 
mirror, an output signal can be obtained by way of a 
photoelectric detector, and analyzed with a conventional 
electronic frequency analyzer. The frequencies involved 
are such that optical chopping for producing an alter 
nating current signal is unnecessary. The spectrum ob 
tained in terms of audio frequencies is then an accurate 
representation of the optical spectrum desired the corre 
spondence of these audio frequencies with light wave 
lengths being determined by the transposition velocity 
used. 

In a practically important embodiment of the invention 
the mirror of a Michelson type interference device is 
driven sawtooth fashion with a substantially constant 
speed scan and a rapid return by an electrodynamic motor 
and the output signal from the photoelectric pickup is 
first recorded on magnetic tape. A portion of the tape, 
typically a length containing the record of approximately 
twenty sweeps of the mirror, is then spliced into a loop 
and the loop is played back into a heterodyne frequency 
analyzer. This procedure allows the analysis to be per 
formed at leisure without the necessity of maintaining 
the light source. Likewise, the availability of a continuous 
source of the component frequencies permits the elec 
tronic frequency analyzer to yield maximum resolution. 

Apparatus according to a typical embodiment of the 
invention thus involves an interferometer having a re 
ciprocal mirror and photoelectric pickup detector 
means in its light exit path, means for repetitively re 
ciprocating the mirror in such manner that the velocity 
of the mirror is substantially constant for an apprecia 
ble a major portion of each cycle, and electronic fre 
quency analyzer means. 

These and other objects, and aspects of the substance 
and nature of the invention will appear from the herein 
presented outline of its principle and general mode of 
operation together with a detailed description of practical 
embodiments illustrating its novel characteristics. 
The description refers to a drawing in which 
FIG. 1 is a schematic representation of interference 

spectrographical apparatus according to the invention; 
FIG. 2 illustrates, similarly to FIG. 1, a preferred em 

bodiment of the invention incorporating a tape recorder; 
and 

FIGS. 3 and 4 are diagrams illustrating the method 
according to the invention. 

FIG. 1 indicates a lens system 10 arranged to direct an 
extended field of light into an interferometer 20 in its 
general construction of conventional Michelson type. The 
interferometer has a beam splitter 22 tilted at an angle 
of 45 with respect to the path of the incident light. 
Mounted parallel to the path of the incident light and to 
one side of the beam splitter 22 is a fixed mirror 24. Be 
hind the beam splitter 22 and facing the lens system 10 
is a reciprocable mirror 26. The light exit aperture of the 
interferometer is indicated at 29 on the opposite side of 
the beam splitter 22 from the fixed mirror 24, and a 



27,947 
3 

photoelectric detecting device such as phototube 30 is 
placed in the exit path. 
The reciprocable mirror 26 is precision mounted for 

movement by an electrodynamic motor 27 which is similar 
to the voice coil and magnet structure used in conven 
tional cone-type loudspeakers, an appropriately compliant 
suspension being provided for the mirror and coil. For 
driving the mirror there is provided for the mirror and 
coil. For driving the mirror there is provided an electronic 
power amplifier 34 controlled by a conventional saw 
tooth oscillator 36 preferably providing a constant ve 
locity scan motion and a faster return motion. By this 
means the slidable mirror 26 can be reciprocated in such 
a manner that the velocity of the mirror is substantially 
constant during the major portion of each cycle. In par 
ticular, the velocity will be substantially constant at that 
point in the mirror's travel which yields equal optical path 
lengths. 
The electrical signal output of the photoelectric pickup 

30 is amplified as indicated at 40, to a level suitable for 
analysis by a conventional electronic frequency ana 
lyzer analysis means indicated at 44. 
The operation of the above described device is as fol 

lows. Light coming from the lens system 10 and incident 
on the beam splitter 22 is divided substantially equal be 
tween two paths one of which is deflected to the fixed 
mirror 24 and the other of which continues, in the same 
direction as the incident light, to the reciprocable mirror 
26. In well-known fashion each of these half-beams is 
reflected by its respective mirror back to the beam splitter 
22 where they interfere, and a portion of the total avail 
able light, the amount depending upon the relative path 
lengths, is directed into the photoelectric pickup 30. The 
field directed into the photocell corresponds to the central 
fringe of a circular interference pattern. As the mirror 26 
reciprocates, the light emerging from the interferometer 
20 fluctuates according to a time-energy function, the 
amplitude of whose component frequencies are, as ex 
plained previously, representative of the wavelength dis 
tribution of the incident light. In accordance with the in 
vention, these components are selected by the proper 
choice of velocity for the reciprocating mirror 26, to fall 
within the range of frequencies conveniently handled by 
conventional electronic equipment. Accordingly, the com 
posite electrical output signal from the photoelectric pick 
up 30 can be analyzed by conventional frequency analyz 
ing apparatus 44. For analyzing the usual visual or infra 
red bands, mirror 26 travels such as 0.004 inch and 0.018 
inch with scanning rates of 0.5 to 4 scans per second have 
been successfully used. It will be understood that these 
will depend greatly on the particular wavelengths and de 
sired resolutions involved, the latter depending on the 
length of the mirror travel. The information obtained 
from the analyzer 44 as to the relative amplitudes of the 
various frequency components is directly representative 
of the amplitudes of the various wavelength components 
of the incident light. 

Spectrographic signals obtained from this interferometer 
as illustrated diagrammatically in FIGS. 3 and 4. If 
the incident light were truly monochromatic the output 
signal obtained from the photoelectric pick-up 30 would 
be sinusoidal over the entire constant velocity portion of 
the reciprocating mirror's travel as shown in FIG. 3. A 
typical use for this apparatus, however, is the derivation 
of the energy profile of a relatively broad band source 
and a somewhat simplified illustration of the signal ob 
tained in such a case is shown in FIG. 4. This signal is 
symmetrical about that portion of its amplitude which 
corresponds to zero path difference between the portions 
of the incident light reflected from the fixed mirror 24 and 
from the reciprocable mirror 26. This signal is not a sine 
wave but rather the amplitudes of the fluctuations de 
crease with increasing path differences. This is because 
the output signal is a complex wave made up of many 
component frequencies corresponding to the various wave 
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4. 
length components present in the incident light, and these 
various frequencies are in phase only for zero path dif 
ference. The various components become more and more 
out-of-phase as the path difference increases in either di 
rection until the cancellation becomes virtually complete 
and thus the visibility of the interference fringes and the 
amplitude of the corresponding voltage signal fluctua 
tions also decrease. 

Accordingly, if the sweep of the reciprocable mirror 26 
passes far enough to either side of the point which cor 
responds to zero path difference, the fluctuations in the 
output signal from the photoelectric pickup 30 will drop 
to practically zero. Because of this feature, the period 
during which the mirror reverses direction and hence is 
not traveling at constant velocity has no appreciable 
effect on the amplitudes of the various frequency com 
ponents of the output signal. 

In a satisfactory working arrangement, the travel of 
the mirror takes place in conformity to a saw-tooth func 
tion, the return speed being about ten times as fast as 
the scanning speed. In many instances the high fre 
quencies introduced into the output signal by the return 
travel will be outside the frequency range of the analyzer 
and can hence be disregarded. If a very large optical 
band width has to be covered, the return stroke can be 
blanked by conventional electronic apparatus. As an al 
ternative, since the output signal is symmetrical around 
the point which represents zero path difference, the out 
put signal produced during the sweep of the mirror in 
both directions can be utilized thereby avoiding any prob 
lems in switching. 

FIG. 2 illustrates a modified, preferred embodiment of 
the invention in which a tape recorder 42 is interposed 
between the photoelectric pickup 30 and the electronic 
frequency analyzer 44. As pointed out above, if the out 
put signal from the photoelectric pickup is recorded on 
magnetic tape and a portion of the recording is spliced 
into a loop, analysis of the component frequencies can be 
performed at leisure and convenience, and over a longer 
time than the light source can be maintained. Also, the 
range of frequencies presented to the analyzer can be 
expanded or condensed by playing the tape back at a dif 
ferent speed from that at which it was recorded. A fur 
ther control of this range of frequencies can be obtained 
by varying the velocity at which the reciprocating mirror 
26 makes its sweeps. This transposition velocity control 
can be accomplished by adjusting the frequency produced 
by the saw-tooth oscillator 36. 
While the tape recorder 42 is indicated as a single unit 

it should be understood that separate recording and play 
back facilities can be used. This is especially true in the 
preferred practice of the invention in which the tape is 
transformed into a loop before being played back into the 
electronic frequency analyzer 44. In a typical embodi 
ment, a loop of 15 to 20 interferograms constitutes a con 
venient size and the noise generated by the tape splice is 
not objectionable with that number of interferograms. 

Panoramic wave analyzers can be used either operated 
directly from the interferometer or from the tape re 
corder. In this manner graphs of the spectrum can be 
immediately produced. If only particular wavelengths 
are of interest, such can be separated by means of electri 
cal band pass filters. 

Because this device does not depend upon the use of 
narrow slits to obtain high resolution but has an effective 
aperture equal to the size of the smallest mirror, its sensi 
tivity is correspondingly greater than that of conven 
tional, dispersive types of spectrometers using prisms or 
gratings. An increase in sensitivity by a factor of one 
thousand can be easily obtained. A further advantage 
of this device over comparably elaborate instruments of 
the dispersive type is its increased resolution. This ad 
vantage flows from the nature of the interferometric proc 
ess in which the phenomenon detected is not a function of 
a single wavelength but rather a function to which all of 
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the wavelength components contribute simultaneously; in 
other words, all of the wavelengths are measured at the 
same time. 
The simultaneous measurement of all wavelengths 

which is characteristic of the technique according to the 
invention leads to two further advantages. The first is 
that, if the light source fluctuates in intensity even more 
rapidly than the mirror oscillates, the energy profile or 
spectrum obtained will still be of the proper relative shape 
and only the fine resolution will be affected. Secondly, 
the signal-to-noise ratio is improved because the time over 
which each wavelength is measured is much greater than 
in equipment in which each wavelength is measured sep 
arately. 

It should be understood that the present disclosure is 
for the purpose of illustration only and that this inven 
tion includes all modifications and equivalents which fall 
within the scope of the appended claims. 

I claim: 
1. The method of optical spectrum analysis with an 

interefrometer having a reciprocable mirror and having 
photoelectric detecting means in its light exit path, com 
prising the steps: 

directing light within an appreciable spectral range of 
optical frequencies from a source to be examined 
through the interferometer; 

reciprocating the mirror with substantially constant 
velocity over an appreciable portion of each recipro 
cating cycle, at an excursion, and at a repetition rate 
to produce fluctuating light amplitude outputs at fre 
quencies related to the component optical frequencies 
contained in the source of light to be examined; 

directing said fluctuating light amplitude outputs on to 
said photoelectric detecting means; and 

analyzing the amplitude of each frequency component 
of the output signal obtained from said photoelectric 
detecting means during that portion of each recipro 
cating cycle during which the velocity of the mirror 
is substantially constant to provide an indication of 
the intensities of the various frequency components 
within the spectral range of said source, and indicat 
ing the distribution of the optical energy of said light 
source among the various corresponding wavelengths 
corresponding to said various frequency components. 

2. The method of optical spectrum analysis with an 
interferometer having a reciprocable mirror and having 
photoelectric detecting means in its light exit path, com 
prising the steps: 

directing light within an appreciable spectral range of 
optical frequencies from a source to be examined 
through the interferometer; 

reciprocating the mirror with a substantially constant 
velocity over an appreciable portion of each recipro 
cating cycle, at an excursion, and at a repetition rate 
to produce fluctuating light amplitude outputs at 
frequencies related to the component optical fre 
quencies contained in the source of light to be ex 
amined; 

directing said fluctuating light amplitude outputs on to 
said photoelectric detecting means; 

recording the output signal from said photoelectric de 
tecting means during that portion of each reciprocat 
ing cycle during which the velocity of the mirror is 
substantially constant; and 

playing back repetitively the signal so recorded into 
frequency analyzer means to provide an indication 
of the intensities of the various frequency compo 
nents within the spectral range of said source, and in 
dicating the distribution of optical energy among the 
various corresponding wavelengths. 

3. The method of optical spectrum analysis with an 
interferometer having a reciprocable mirror and having 
photoelectric detecting means in its light exit path, com 
prising the steps: 
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6 
directing light within an appreciable spectral range of 

optical frequencies from a source to be examined 
through the interferometer; 

reciprocating the mirror with a substantially constant 
Velocity over an appreciable portion of each recip 
rocating cycle, at an excursion, and at a repetition 
rate to produce fluctuating light amplitude outputs at 
frequencies related to the component optical fre 
quencies contained in the source of light to be 
examined; 

directing said fluctuating light amplitude outputs on to 
said photoelectric detecting means; 

recording on a tape a representation of the electrical 
output signal from said photoelectric pick-up during 
that portion of each reciprocating cycle during which 
the velocity of the mirror is substantially constant; 

splicing said tape into a loop; and 
playing back said tape recording loop into a frequency 

analyzer to provide an indication of the intensities of 
the various frequency components within the spectral 
range of said source indicating the distribution of 
optical energy among the various corresponding 
wavelengths. 

4. Spectrum analysis apparatus comprising: 
an optical interferometer including a reciprocable mir 

ror and having a light exit path; 
means for reciprocating said mirror with an excursion 

exceeding the longest wavelength of the light in said 
exit path and with a substantially constant velocity 
over an appreciable a major portion of each recip 
rocating cycle; 

photoelectric pick-up means located in the light exit 
path of said interferometer for generating a signal 
proportional to the output in said exit path; and 

electronic frequency analyzer means coupled to and 
supplied with said signal, for measuring the ampli 
tudes of the various component frequencies mak 
ing up the output signal from said photoelectric pick 
up means; 

whereby the distribution of the amplitude of the signal 
among its various frequency components indicates 
the distribution of the optical energy of the given 
light source among the various corresponding wave 
lengths. 

5. Spectrum analysis apparatus comprising: 
an optical interferometer including a reciprocable mir 

ror and having a light exit path; 
means for reciprocating said mirror with an excursion 

exceeding the longest wavelength of the light in said 
exit path and with a substantially constant velocity 
over an appreciable a major portion of each recip 
rocating cycle; 

photoelectric pick-up means located in the light exit 
path of said interferometer for generating a signal 
proportional to the output in said exit path; 

electronic recording means connected to said pick-up 
means and supplied with said signal, said recording 
means including record carrying means and playback 
means; and 

frequency analyzer means coupled to and receiving 
signals derived from said record carrying means, for 
measuring the amplitudes of the various component 
frequencies making up the recorded output signal 
from said photoelectric pick-up means thereby to 
provide an indication of the amplitude distribution 
of the signal among its various frequency compo 
nents which distribution indicates the distribution of 
the optical energy of a given light source among its 
various corresponding wavelengths. 

6. Spectrum analysis apparatus comprising 
a Michelson interferometer including a continuously 

reciprocable mirror and having a light exit path, 
means for continuously reciprocating said mirror with 

an excursion exceeding the longest wavelength of the 
light in said exit path and with a substantially con 
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stant velocity over a major portion of each reciprocat 
ing cycle 

detector means located in the light exit path of said 
interferometer for generating a signal in response to 
the output in said exit path; and 

electronic frequency analyzer means responsive to said 
signal, for measuring the amplitude of the various 
component frequencies making up the output signal 
from said detector means. 

7. The spectrum analysis apparatus as claimed in claim 
6 wherein said means for reciprocating includes means 
for providing a scanning motion at a first velocity and a 
return motion at a second velocity, said second velocity 
being greater than said first velocity. 

8. The spectrum analysis apparatus as claimed in claim 
7 wherein said means for reciprocating provides a second 
velocity approximately ten times as great as said first 
velocity. 

9. The spectrum analysis apparatus as claimed in claim 
6 wherein said means for continuously reciprocating said 
mirror comprise a linear electrodynamic motor. 

10. The spectrum analysis apparatus as claimed in 
claim 6 wherein said means for reciprocating provides a 
speed of said reciprocable mirror during said constant 
velocity portion of the reciprocating cycle which is at 
least 0.06 mm. per second, providing an A.C. signal with 
out chopping. 

11. Spectrum analysis apparatus comprising: 
a Michelson interferometer including a continuously 

reciprocable mirror and having a light exit path; 
means for continuously reciprocating said mirror so 

that each reciprocating cycle has (a) an excursion 
exceeding the longest wavelength of light in said exit 
path, and (b) a substantially constant velocity over a 
major portion of the reciprocating cycle 

detector means located in the light exit path of said 
interferometer for generating a signal in response to 
the output in said exit path; and 

means for frequency analysis responsive to said sig 
nal, for measuring the amplitude of the various com 
ponent frequencies making up the output signal from 
said detector means. 

12. The spectrum analysis apparatus as claimed in 
claim 11 wherein said means for reciprocating includes 
means for providing a scanning motion at a first velocity 
and a return motion at a second velocity, said second 
velocity being greater than said first velocity. 

13. The spectrum analysis apparatus as claimed in 
clain I2 wherein said means for reciprocating provides a 
second velocity approximately ten times greater than said 
first velocity. 

14. The spectrum analysis apparatus as claimed in 
claim 12 wherein said means for frequency analysis in 
cludes blanking means to blank the signal generated by 
said detector means during said return motion. 

15. The spectrum analysis apparatus as claimed in 
claim II wherein said means for continuously reciprocat 
ing said mirror comprise a linear electrodynamic motor. 

16. The spectrum analysis apparatus as claimed in 
claim 11 wherein said means for reciprocating provides a 
speed of said reciprocable mirror during said constant 
velocity portion of the reciprocating cycle which is at least 
0.06 mm. per second, providing an A.C. signal without 
chopping. 

17. Spectrum analysis apparatus comprising: 
a Michelson interferometer including a continuously 

reciprocable mirror and having a light exit path; 
means comprising a linear electrodynamic motor for 

continuously reciprocating said mirror with an excur 
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8 
sion exceeding the longest wavelength of the light in 
said exit path and with a substantially constant veloc 
ity of at least 0.06 mm. per second over a major por 
tion of each reciprocating cycle, each said reciprocat 
ing cycle comprising a scanning motion and a return 
motion, said scanning motion taking place at a first 
velocity and said return motion taking place at a 
second velocity greater than said first velocity; 

detector means located in the light exit path of said in 
terferometer for generating a signal in response to 
the output in said exit path, and 

electronic frequency analyzer means responsive to said 
signal, for measuring the amplitude of the various 
component frequencies making up the output signal 
from said detector means; 

said analyzer means including blanking means to blank 
the signal generated by said detector means during 
said return motion. 

18. For use with electronic frequency analyzer means 
capable of measuring the amplitude of component fre 

quencies making up an electrical signal, interferometric 
appartus comprising: 

a Michelson interferometer including a continuously 
reciprocable mirror and having a light exit path; 

means for continuously reciprocating said mirror with 
an excursion exceeding the longest wavelength of the 
light in said exit path and with a substantially con 
stant velocity over a major portion of each reciprocat 
ing cycle; and 

detector means located in the light exit path of said in 
terferometer for generating a signal in response to 
the output in said exit path, said signal being supplied 
to said electronic frequency analyzer means. 

19. The apparatus as claimed in claim 18 wherein said 
means for reciprocating includes means for providing a 
scanning motion at a first velocity and a return motion at 
a second velocity, said second velocity being greater than 
said first velocity. 

20. The apparatus as claimed in claim 18 wherein said 
means for continuously reciprocating said mirror com 
prise a linear electrodynamic motor. 

21. The apparatus as claimed in claim 18 wherein said 
means for reciprocating provides a speed of said recip 
rocable mirror during said constant velocity portion of 
the reciprocating cycle which is at least 0.06 mm. per 
second, providing an A.C. signal without chopping. 

22. The apparatus as claimed in claim 19 wherein said 
analyzer means includes blanking means to blank the 
signal generated by said detector means during said return 
motion. 
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