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INTRODUCTION 

i^ 

;*■■■■ 

This account attempts to discuss the design re- 

quirements for the construction of an Interferometer 

spectrometer having a resolution of greater than 0.1 

cm "1 for operation In the near infrared region (2 - i) 

microns) (nano meters) and being capable of perform- 

ing to this resolution at both ambient temperature 

and at 77° K (L/N temperature). 

These requirements impose very severe design 

problems in regard to materials selection and materials 

handling. Machine tolerances have to be pushed to 

the extreme of the state of the arts, and these toier 

ances must b« malntalncd through abnorroaiiy large 

temperature excursions. Many of the pieces have to 

be held to flatnesses of 50 x 10"° inch per 5 Inches, 

arid sifflllar tolerances have to be heJd for  paraileiiara. 

Fortunately, absolute dimension can be met with norraai 

machine tolerances in many instances by the use ol' 

careful design techniques. 

•,n5 

-3- 



o * * * • o y*.-.J ' > • i —' J t * ± * *.> 

Design r«.d fat.-ricai'; high rese - .. xi -vi 

..itrogen ir:t-• r• J'eroiuotor ::pc-ctror..c'i. cr suitab ic for 

uso in the laboratory and in a balloon be me pack-

age , for the purpose of making measurements in tnc-

spectral region of two (L1} to fourteen (1L) microns 

of aii extended source having a terperatur-.. of approx-

imately 2'i0° II. 

Of fundamental importance is that the uesign 

concept snoulc: be such as to make it possible for 

the instrument to stay in substantial alignment after 

having been cooieu to the iiquic: nitrogen m a suitable 

cryogenic enclosure. This nas made it mandatory that 

very close attention be given to the choice of materials 

anu to fabrication techniques. 

As one of the important and critical elements 

in the optical configuration, the beamsplitter mount 

receiver considerable attention. Uecause of the dis-

similar materials interface requirement and the con-

sequent tnermal expansion problem, we have settled 

on a modification of the spring loaded mount which 

v/e previously designed anu used to good advantage. 

_l|_ 



The instrument  has  beer, fabricated almost  entirely 

fron A-2  steel.     This  is  a material with which we have 

had considerable  experience  and success. 

-3- 
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PRELIMINARY RESEARCH AND INVESTIGATION 

The primary requirement under this contract was 

to design an Interferometer which would be capable 

of operation In a. liquid nltroßen temperature environ- 

ment and would be capable of producing a resolution of 

0.1 cm  in the 4 to 15 micron spectral region. It 

was decided at the outset, that a 2 Inch aperture 

Instrument would be suitable to the anticipated mission. 

This Instrument was to be furnished with a suitable 

laser fringe monitoring system and a white light 

monitoring system.  V/e started our design considerations 

by studying all of the various interferometrlc con- 

figurations which appeared to be applicable to our 

requirements. Our studies brought us to a considera- 

tion of two systems. The first system that we con- 

sidered was a straightforward Interferometer on which 

we have had considerable working experience.  IDEALAD 

had previously designed and built a one (1) Inch 

aperture 2 cm optical path difference Instrument for 

operation at approximately 10 decrees Kelvin and In 

a vibrational environment produced by a sounding 

rocket. This Instrument was produceu under the 

-6- 
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auspices of DNA and ARPA contracts and was Intended 

for the meaüurement of Ciasi. II aura and Class III 

aura. The total system was Integrated into a cryo- 

genic pacKage by Honeywell Radiation Labs and further 

Incorporated into a payload configuration for rocket 

flight.  To quote the "HIRIS EXPERIMENT", AFGL-OP-TM-02 

Report; "The Interferometer appears to have worked 

extremely well during all phases of the flight; there- 

fore, excellent flrst-of-its-kind data were obtained 

not only during the vertical viewing time but at all 

other aspects as well. Emission spectra of the at- 

mospheric species CO2 at 2325 cm  (^.3 u m) and 

667 cm"1 (15 urn), 0^ at 1042 cm-1 (9.6 u m) and NO 

at 1786 cm'l (5.6 u m) were  obtained with resolution 

of two wave members." From this previous experience 

we hoped to gain sufficient Information to point the 

direction In which we should proceed in attempting 

to build the Instrument required under this contract. 

It should be pointed out that the contract required 

a two (2) inch aperture Instrument and a resolution 

of better than 0.1 era"1. After having reviewed all 

of the Information we had obtained from our previous 

experience we decided that It would be appropriate to 

Investigate the possibility of using a cat's eye 

configuration for this mission. The necessity for 

-7- 
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a substantial Increase In path length and aperture 

requirements were major factors in promoting; this 

Judgement. V/e therefore embarkeu upon an In-depth 

study of the optical properties of this system. The 

endeavor resulted In a FORTRAN IV programmed ray trace 

of the optical configuration. This program made no 

simplifying e.ssumptioni and was accompllshea In 

double precision. We Initially wrote the program In 

iiASIC, but the results were unacceptable.  The degree 

of precision we could get produced graphical errors 

In the plotted outputs that were Intolerable.  The 

FORTRAN program solved this problem. 

What we were deslrlous of determining v/as what 

the effects of movement of the small mirror In the 

system vls-a-vls the large mirror would have on the 

wave front distortion. The program was therefore set 

up In such a fashion as to make It possible to move 

the small mirror In respect to the large mirror In any 

direction and determine what the effect of this would 

be on the wave front. In most cases (all cases so far 

as know) studies of this kind have attacked the 

-8- 
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problem of determining the beat location of the 

small mirror in respect- to the large mirror when it 

is assumed to be precisely on the optical axis of the 

system. As it turns out, the best place to place 

tnis mirror, as demonstrated by Consienier and others, 

is at the circle of least confusion of the large 

mirror. This is not altogether surprising. However, 

these studies do not demonstrate what the effect would 

be on the system wave front if the small mirror were 

to be moved longitudinally away from the optical 

axis.  In the normal course of events, it Is certainly 

fair to make the on-axis assumption, there being no 

reason to believe that, once adjusted for the 

position, the adjustment would not be maintained. 

In our case such an assumption would be Inappropriate, 

since we are involved in a system which has to undergo 

^uostantial temperature change. This temperature 

change, in turn, can produce undesirable thermal 

distortions with the possibility of effecting the 

geometry of the optical components vis-a-vis each 

other. Since it is essentially impossible to antic- 

ipate, to the degree necessary, how these effects 

will manifest themselves, it is only prudent to 

-9- 



consider all reasonable possibilities. VJe needed 

this infori.aticn not only for its own sake, but in 

order to make a valid coir.parlson of it with the 

conventional lilchelson interferometer. We should 

note that the conventional Michelson syster. is com- 

prised of a beamsplitter, a fixed mirror, and a movable 

mirror. It Is very well known that a basic problem 

of such a system la that of moving the movable mirror 

in a very precise and accurate way, without tilt, as 

we say.  Un the other hand, the benefit to be derived 

from the cat's-eye system is that somewhat less 

precision is required of the moving mirror cat's-eye 

portion, in order to be able to maintain as high a 

contrast function as is tne case with the simple 

:'ichelson moving its movable mirror with substantially 

no tilt,  however, this is only true if the elements 

of the cat's-eye configuration are maintained in a 

certain geometry in respect tc each other. One 

system has the defect of being relatively more complex 

in terms of its optics (the cat's-eye system) and con- 

sequently capable of going out of adjustment, and the 

Important and Leneficlal characteristic of being 

relatively tilt immune. The other, the Michelson, 

-10- 
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it Is very critical in rorarn to tilt, minus. 

We wished to determine through our ray trace 

analysis the sensitivity of alignment of the cet's-eye 

optical components. In addition to this, we also 

wished to determine a set of practical parameters 

in terms of the focal lengths of the large and small 

mirrors in the cat's-eye system. This information 

was necessary in order to to able to have some idea 

as to how large, or better still how small, main— > 

taining a 2 inch aperture, we could afford to make 

the system and accomplish a minimum of distortion 

of wave front as it passes through the system. 

The results of these investigations showed that we 

could build a configuration of sufficiently small 

dimensions as to be acceptable. Further, it also 

demonstrated that by choosing the focal lengths of 

the two optical components wisely, we appeared to 

be able tc arrive at a design which was not unduly 

sensitive to the exact placement of each mirror in 

respect to the other. 

The analysis of the cat's-eye optical system 

compares a set of twenty or more equally spaced 
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iJ 

rays on a diameter of the synterri aperture to the- 

optical path length of the central ray, ana deter- 

mines the optical path difference, This critical 

path difference is then plotted as a function of 

distance from the central ray. The result, is a 

plot of wave front distortion as a function of 

distance fron the optical axis.  Just how this 

works is best understood by ntudyinp: the enclosed 

graphs which show on eacn individual graph the 

wave front distortion at a function of position of 

the larce and small mirrors when one graph is com- 

pared to the other. We were sufficiently impressed 

with the results of this study to feel that for a 

two-inch aperture interferometer having a total 

optical path difference in excess of 10 cm, we 

would be v/ell advised to go with the cat'e-eye 

system.  To date, all of the data that's been 

taken and all of the observations that wo have been 

able to make on the system would tend to confirm 

the validity of this decision. 

During this period of time we also considered 

the possibility of adapting the system to utilise 
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to be a valid line of endeavor since the instrument 

would be required to view extended sources. Wo did 

not, however, £et deeply into this matter, before it 

became abundantly clear to us that because c,f 

material considerations and the general state of 

the art, plus prohibitive cost factors, that v;e would 

have to abandon this area of study. 
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HAZL DLJIG:: CO;:FIOU~ATIO; 

The base mounting plate of the interferometer 

is an extremely important element in the total 

interferometric configuration. It has to Le so 

desired as to support, the various optical and 

mechanical elements of the interferometer in their 

correct position in respect to one another and at 

the sar..tf time it has to be aole to maintain this 

geometry through the required temperature excursion. 

In particular, this base plate must support the fixed 

cat's-eye mounting configuration, the beamsplitter 

mounting configuration, the movable cat's-eye 

configuration and the linear motor configuration. 

All of these elements must be mounted to the base 

plate and the method of mounting must be such as 

to induce essentially no stress or strain into any 

of the support members. In order to accomplish 

these requirements, the base casting was first of 

ail designed in a box-like configuration having ribs 

placed under all of the optical support members, a 

modifieu egg crate or honey comb type construction. 

This construction would, It was hoped, provide 

rigidity in the mounting plate and at the same 

time reduce its weight and thermal capacity and 



preserve the integrity of tiio  ^eometr: IG total 

Interferometrie system, i'. 1 1/ U I  u his fundamental 

üesien philosophy had been structureci, preliminary 

mechanical drawings were worked up. These drawings 

were sent to  a number of different foundries for 

pricinc and comments. Findin/r someone who could 

cast the base plate proved to be no small task. 

Finally, we were able to locate one concern who 

representeu that they could pour the casting If we 

were willing to make certain modifications to our 

design drawing. The gist of their requested changes 

meant increasing all dimensions in order to insure, 

after the required machininc, a sound casting. We 

were very agreeable. The casting as we received 

it from the foundry appeared to be very sound and 

so machining on it was started. The size  of the 

casting as receiveu was such as to require at least 

25%  of all the material from all of the exposed 

surfaces be removed. This was to insure that we 

would be able to eliminate all castlnc blow holes, 

imperfections that might be In the castlnc. This 

turned out to be a long and tedious process. How- 

ever, it was a satisfying one in that when the cast- 
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ine w^s conipletely rexe):  machlneu, v;e founä it to 

be, in every respect, sound. We sent the castinc 

out to have it raagna fluxed in order to  inspect 

for any structural defects and found thai the casting 

was in excellent condition.  After this inspection 

process was completed, additional machlninc was 

done on it to bring it to near print size and it 

v;as again sent out to be reannealed and marna 

fluxeu a second tine.  Doth of these processes 

producca successful results.  The final standard 

machinlnp; v.'as done to brinp; the piece to exact 

print sl;:o. We then subjected the castinr to a 

liquid nitrogen bath.  This is a rather horrendous 

procedure.  The thermal shock to the niece is 

maxlmizea and the net result is a reasonable con- 

fidence that there will, at least, be no catastrophic 

failure as a result of lowcrinfi; ti:ie temperature to 

liquid nitrogen In the normal way. When the piece 

nad ceased to cause the liquid nitrogen to boil for 

a half hour period, it was broucht back to room 

temperature using infrarca lamps, be then checked 

for any distortion.  This was done by placing the 

piece on a granite slab and checking for dimensional 

-16- 
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changes and warpace by conparlson to similar data 

taken before the irrunersion Into the liquid nltrocen 

bath.  Ilo distortions v/ere evidenced by this procedure, 

and we proceeded to have the nountinc pads for the 

optical cotnponents hand scraped to brine them to a 

flatness and parallelism, all surfaces to all other 

surfaces, of at least 50 x 10~" inches per 6 inches. 

The casting was aeain subjected to the liquid nltro- 

cen dip process, and tested acaln for any distortions. 

It passeu this test and was then ready for mountins 

of the optical components, 

.m 
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CA1'I  EYE TUBES 

The design of the cat's eye tube configuration 

was predicated on the information achieved by the 

eeornetric ray trace to which we have already made 

mention. The study of the ray trace determined the 

focal lengths of the small and lar^e mirrors.  A 

suitable mechanical mounting arrangement had to be 

developed In order to be able to place these two 

mirrors on precisely the same optical axis and 

separate them by the required distance.  At the 

outset It was decided to use what essentially amounts 

to a telescope type mounting arrangement. The main 

mounting fixture, the tube, required for this type 

o." arrangement had of necessity to be made from 

A-2 rtteel. This meant starting from a solid piece 

of material sawed from billet stock and then turned 

and bored and reamed to the exact size required. 

Special support Jigs and fixtures were needed to 

bore lightening, holes in the moving cat's-eye tube, 

while at the same time causing no deformation to 

its geometry. The reason for doing this was to 

lower the weight for better dynamic performance. 

It was only done to the moving tube. 

-1G- 
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The end cap was deslcned to sprinc load the 

main (large) mirror up against a shoulder accurately 

machined to a given depth In the tube. This was 

required In order to know precisely where the front 

surface of the mirror, when mounted, would be In 

respect to the back surface of the mirror mount 

fixture. 

-19- 



ELECTRICAL FIXTURES 

The cat's-eye supporting fixture, used in con- 

Junction with the slide-way carrlace system, is 

fitted to support the movable slugs In the positional 

transducer and the movlnp: magnet employed in the 

tachometer. A mounting plate fixture carrying the 

"csltional transducer and the tachometer coil is 

located directly below the slide-way carriage system. 

This mounting plate is arranged so that it can be 

moved a small distance back and forth in the direction 

of the slide motion in order to be able to achieve 

precise centering of the positional transducer's 

electrical center with the mechanical center of the 

movable slide carriage.  Provisions have also teen 

made on this structure to mount a subsidiary fiducial 

determining device to accomplish the necessary logic 

for coherent addition of interferograms. 

-20- 
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SüRVO CONTROL 

■ 

The servo system used to control the slide notier., 

is a modified type 2 system, havinr positional and 

rate feedback.  The operation of the electronics la 

as follows: 

A logic system develops a step function E"u(t) upon 

command.  This command may orißinate from a conpul,cr, 

a simple toggle switch or it may be Internnlly pen- 

eratea by a comparitor system which recognizes the 

slide motion and points as a function of the output 

of the linear positional transducer. 

The step function E«u(t) Is Integrated by a 

precision analog integration system.  The output 

of this integrator is a ramp function, me rate 

of rise of which is a function of the time constant 

of the integrator and the value of L.    The value 

of E iz  continuously adjustable by mear la   .1;   a ton 

turn pot«    This pot is known as the velocity pot. 

If  further adjustability  is  requireu,   it  ciu be 

accomplished by  changing the RC time  constant  of 

the precision integrator.     The ramp  voltage,  thus 

generate;;.   Is the command signal to which the servo 

-21- 



must respond. 

At start up, the systen loeic forces the slide 

to the HOLD position as determined by the output 

voltace of the positional transducer and a comparitor 

circuit.  At this point the positional transducer 

Is disconnected from the feedback circuit by the 

action of sweep status signal and Is replaced by 

what amounts to an P.M. to D.C. converter whose 

output Is Integrated. The Input signal to this 

part of the system is the output from the laser 

monltorlnp; system. The rerult is a ramp output from 

the integrator, which is an accurate measure of 

the position of the moving mirror cat's eye slide 

system.  If this signal does not match exactly the 

sample command signal previously described, the 

error signal, which is the difference between these 

two signals, forces the power amplifier either to 

increase or decrease its output or change its 

polarity to correct for the error condition. The result 

of this Is that the drive motor is constantly 

adjusting its force output in an attempt to correct 

for any changes in frictional profile or input load 

functions such as vibrations, acoustical forces, etc. 

-22- 
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This position feedback system just described works 

quite well for the low frequency response :.f the 

system.  However, it Is Inadequate to handle the 

hlpher frequencies to which the system may be exposeü 

Consequently we have added rate feedback in two forrns 

The first method utilizes a conventional magnetic 

rate p-enerator. This system cenerates a voltage in 

accordance with the equation: 

n, dt u dt 

where ij'd^ a Kdx 

In other words, the tine rate of chance ")T  the flux 

is equal, to within a proportionality constant, t: 

the velocity of the moving mirror slide.  This 

system exhibits some deviation from the above, be- 

cause of flux leakage. This, and the inherent tine 

constant of the LR relationship of the tachometer coll 

make it desirable to Introduce another feedback raechani: 

which will compensate for these drawbacks. 

Duch a system is a phase-look loop  Tals syater 

uses the output from the laser monitot'lnr system 

and actr. In the conventional fashion to staolllue 

ttiis frequency by ceneratlnc a signal proportionai 
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to the laser frequency, This signal it. fe- back 

in the sane fashion as the tachometer signal. One 

might wonder why the necessity for the tactometer 

slcnal using tne magnet circuit? The principal 

reason is tnat the phase-lock loop system is sensi-

tive to frequency only, and not to direction of 

motion, whereas the tachometer is. 

h w j : 

They complement each other nicely, and 

:>) the aynamic range (capture range; of the phase-

lock loop is relatively small, whereas the capture 

range of the magnetic tachometer is, if the term 

is appropriate, essentially infinite. 

Under fly-tack conditions the sweep status 

signal disconnects the P.M. to D.C. system and 

reconnects the position transducer system, which 

then commands the slide to move to the hold position, 

which Is determined by the setting of the resolution 

pot. The resolution pot determines at what point 

the voltage from the positional transducer will fire 

a conparltor system v/hose output forces the system 

into the hQLD position where it stays awaiting 

another C:ART command. This completes data 

-24-



taklne cycle. The unit can also be placed in a 

continuous mode whore the same signal fron the 

comparitors, which produces a HOLD command, gen- 

erates a START command, keepinc the unit in a 

state of continuously scannlnc.  Finally, a manual 

override to the command slnnal Generated in the 

form of a potentiometer adjustable output voltace 

can be used to manually position the slide mechanism, 

This is a useful feature when making tests for or'-ical 

allcnment of the Instrument. 
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RAPID-STEPPIÜG GCKüME GTUDY 

«r/ 

Introduction 

One of the advantages that the technique of Fourier 

spectroscopy can realize, is obtained by multiplexing 

the observation of all spectral elements in a single in- 

terferogram measurement. This multiplex advantage comes 

into a full effect only when the scintillation noise in 

the measurement is well suppressed.  Three schemes are 

commonly used at present for suppression of the scintil- 

lation noise.  They are the scheme of (1) ratlo-recording, 

(2) internal modulation, anu (3) rapid scanning. The 

first scheme works on the principle of amplitude cancel- 

lation, while the second and third work on that of fre- 

quency discrimination. It has been proven that these 

three schemes work reasonably well for this purpose.  No 

conclusion has been reacheu at present to answering '■•he 

question of Which of the frequency discrimination schemes, 

the internal modulation or the rapid scanning, has over- 

ail better characteristics. The primary concern of the 

present study docs not fall into examination of this 

question.  The study conducteu for this report is to 

examine the scheme of rapid-stepping, by which either 

the scheme of the internal modulation or of the rapid 

scanning can be implemented without making any funda- 

mental design change. 

-26- 
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uacic Design Problem of tho Rapid-Stepping Scheme 

Generally speaking, the servo-control scheme 

which accommodates the step-and-hold drive of the cat's 

eye interferometer, can be divided ii^to two parts.  The 

servo-cc:.trolleu motion of the entire cat's eye assembly 

can be made to have a alow response, while a control with 

a fast response can be built to achieve a fine posi- 

tional adjustment of the secondary mirror which is very 

small and licht, ijy comblnlnc these twe motor systems, 

the overall drive can attain the servo control charac- 

teristics necessary for the rapid-stepplnp;. The mechani- 

cal structure of the cat's eye interferometer would 

exhibit no basic weakness toward implementing the rapid- 

stopplng movement. 

Phase-Modulated Signal 

The control system for the step-and-hold drive 

would be found convenient to use if It has the fol- 

loViilng specifications: 

(1) The position accuracy during the holding period 

is a value much smaller than the reference laser wave- 

length. 

(2) The stepping distance may take any value, not 

limited to some exact multiples of the reference laser 

wavelength. 

(3) both the stepping arid holding period are con- 

trolled unuer the same servo logic. That is to 
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say, the interferometer appears to stop by ho]<1 in-

action when the positioning servo error is large-. 

The error becones small, as the interferometer 

approaches the null poijitlon. ,<c distinctive dif-

ference exists in the servo action between the 

stepping and the holding period. 

The present study is to search the logic 

scheme which accommodates the servo action specified 

a'tove. T:vi error signal in such a scheme generates 

certain quantity which varies linearly with the 

error distance all the way ever: beyond a single fringe 

distance of tne reference line. The minimum resolution 

element contained in the error signal must be much 

finer than a single fringe distance. 

Several schemes have beer, built already for 

accomplishing such a servo-controlled action. These 

servo logics are essentially constructed on the phase 

modulated sinusoidal signal with a certain high 

carrier frequency (or single sideband modulated signal) 

This signal can be expressed by 

s 35 A cos ?.77( ft -<P) 

where f is the carrier frenuency, and ̂  is the phase, 
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varying linearly with the servo error (Includlnc 

the - sign).  Incidentally, the ordinary Interference 

fringe signal belongs to a special form of this signal 

given by 

f = 0 

and 

(p=  crx 

The simplest electronic circuit which is com- 

mercially readily available for extractinp; the phase 

information p from the phase modulated sipnal, 

A cos 2ff{ft~pi$  is the up-down counter. Its usage is 

illustrated in Figure 1. ~ 

(pdt 

0 
!■ 

A cos a/Tft  
A cos 2?firt-p) 

1 
UP-DOWil 
COUNTER 

Reset  at  t"0 

Figure  1 
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PMSS Systems Already in Use 

1, Two-line method. 

This method uses two laser lines of slightly dif- 

ferent frequencies which are excited from a sincle 

plasma tube.  Their frequency difference is fixed. 

When a detector observes these two lines, it generates 

the uifference frequency f at its output.  The system 

is desirneu in such a way that two lines strike different 

arms of the interferometer, one spectral line to a fixeu 

arm and another to a movable arm.  Now the line striking 

the movati-e arm has its optical frequency shifted by 

v/c, in addition to the constant difference f, if the 

optical path is changed at a rate of v. Therefore the 

detector which sees these two lines returned from the 

interferometer, renisters Instantaneously a new value 

for the difference frequency civen by f(+ v/c).  In 

other words, the PMSS is generated, given by 

s»A  cos  2/T(ft  +  v/c) 

r< 

When the movable arr. is movinc ^t a speed of A/soc,, 

the  frequency  shift  is exactly  1 Ilz.     Thus  the  resolution 

unit   is   ^X .     The  Up-Down  counter shown in Plcure   1  does 

not  register a chance  of 1 count  at  .4,';s  output  unless 

the movable  arm moves more than the     L^cance  of lh> 

-30- 
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The methocf, tiierefore, can detect the movement not only 

in distance but also in direction.  For our application, 

it is important that both laser lines are well stabilised. 

The stabilization of the difference frequency only is not 

sufficient.  This system inherently fai18 to monitor the 

path difference chance much smaller than 1A. mhe method 

is in principle insensitive to the intensity fluctuation 

contained in these tv.'o laser lines. 

2. Polarlmetric Method 

This method uses a single laser line. The optical 

circuit is built in such a way that the plane of polari- 

zation at the output of the interferometer rotates 

linearly with the optical path difference.  This output 

which is linearly polarized, is rotated by a spinninf 

halfwave plate (at the spinning frequency of f) to 

generate the PMSS, 

3. Interferometer Modulation liethod 

This method also uses a sinrle laser line.  The 

interferometer path difference is modulated at n freouency 

f. Two signftls which are in nuadrature relation tc each 

ether, are fenerated 

8n   «A   COS   2/Tft   C05<P , 

and 

82 -A sin 2//"ft  sinP 
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They are then combined tc form the PMSG. 

The Ilethoc Studied 

The method adopted for the present study is to use 

the intensity information obtainable in the Interference 

frince signal.  The phase angle p within a complete 

fringe cycle is determined from two slrnals which are in 

quadrature.  The interferometer path difference is modu- 

lated by a high frequency. The intensity fringe Rlf.nal 

is synchronously detected for generation of the two 

quadrature slrnals.  Several circuits for normalizing 

their amplitude and for removal of their bias offset 

are necessary for peneratinr the signals given by 

sj »A cos 9? 

and 

Sp "A sin ^ . 

Change of the phase p  can be detected as shown In 

Table I.  Therefore the interferometer drive direction 

is known all the time. 
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TAüLE I 

Determination of Interferometer Drive Deflection 

si 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

v 

+ 

+ 

+ 

+ 

Signals sl and s2 

m 

v 

FIGUR£  2 
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After these; two quadrature sißnp.ls are venerated, 

the phase anfle V5 can be detected usinc voltsne de- 

tectors. The PMGS Is generated usinr the digital lofllt 

The syster.i is structureu as shown in the block diacram 

of Figure 3. 

M 
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GRAPH n 
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SYSTEM oCALE FACTOR = 1 

POÜITIOW OF REF. LIi.T, = 0 

KADIUS OF CURVATURE OP CÜJCAVE MIRROR = '10 

RADIUS OF CURVATURE OF CONVEX MIRROR = 20.02 

X DISPLACEMENT OF CONVEX MIRROR = 0 

Y DISPLACEMENT OF.COilVEX MIRROR » 0 

DIAMETER OF CONCAVE MIRROR = 5.00 

NUMBER OF POINTS DESIRED = 100 
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GRAPH tl2 

SYSTEM SCALE FACTOR = 1 

POSITIOIJ OF REF. LINE = 0 

RADIUS OF CURVATURE OF CONCAVE MIRROR = '10 

RADIUS OF CURVATURE OF COJVEX MIRROR = 50.02 

X DISPLACEMENT OF CONVEX MIRROR = 0 

Y DISPLACEMENT OF CONVEX MIRROR = .0002 

DIAMETER OF CONCAVE MIRROR • 5.0 

NUMBlNi  OF POINTS  DESIRED  =   100 
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GRAPH #3 

SYSTÜM SCALE FACTOR = 1 

POSITION OF REF.   LINE = 0 

RADIUC OF CUnVATURE UF COJiCAV^ niRROR = ^0 

RADIUS OF CURVATURE OF CONVEX MIRROR = 20.02 

X DIGPEACEMENT OF CONVEX I'IRROR = 0 

Y DISPLACEMENT OF CONVEX MIRROR = -.0002 

DIAMETER OF CONCAVE MIRROR =5.0 

NUMBER OF POINTS DESIRED = 100 
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GRAPH H\ 

SYSTEM SCALE FACTOR = 1 

POSITIOII OF REF. LINE = ü 

RADIUS OF CURVATURE OF CONCAVE MIRROR = ^40 

RADIUS OF CURVATURE OF CONVEX MIRROR = 20.02 

X DISPLACEMENT OF CONVEX MIRROR » 0 

Y DISPLACEMENT OF CONVEX MIRROR = .000^1 
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GRAPH #5 

m 

oYÜTIir: SCALE FACTOR = 1 

POSITION OF REF. LINE = 0 

RADIUS OF CURVATURE OF CO.ICAVE MIRROR = HO 

RADIUS OF CURVATURE OF CONVEX MIRROR = 20.02 

X DISPLACEMENT OF COIIVEX MIRROR = 0 

Y DISPLACEMENT OF COiJVEX MIRROR = -.OOO'l 

DIAMETER OF CONCAVE MIRROR =5.0 

NUMBER OF POINTS DESIRED = 100 
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