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FOREWORD

The subsequen® report by Joseph Ford shows
the prcgress we have made in devslopment of a far
nfrared spectromster.

Although the signsl-to-noise was too low
for us to virtually reduce to practice the idea cf
interfevomeiric modulation, wnich we wished {0 do
by algebra before doing the same thing automaticelly
and mechanicslly (and expensively); the results are
encouraging, It is apparent that the apparatus weuld
work successfully, sutomaticelly and mechanically,
with the signal-to-noise available, although it was

too poor for virtual algebraic manipulations.
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I. GENERAL DISCUSSION

The use cf filters in the energy limited far infrared
(300 microns and beyond) to eliminate a gratingis overlapping
orders csn be particularly undesirable. Lenses are equsally un-
desirable from the standpoint of adjustment and absorption.
Thus, Professor Strong suggested to Dr. T. K. McCubbin and the
author that an all mirror, grating spectrnscope utilizing an
additicnal lamellar grating with mechanic:'ly variable groove
depth might eliminsts undesirable feature:s in far infrared
spectroscopy.

A first gravin: schelette) witn collimator; tele-
scope and s8liis can be made 4o deliver lv wavalensths
Ays Ap = A1/2, Ay = A1/3, to a sec lamellar grating.
If the grocve depth of the 1z -".ar grating is then varied
in a8 periodic f shion at - _iven frequency, in the zero-order
it can be mads to impress an intensity variation of the same
frequency on 13, *wice that frequency on 1y, thres times that
frequency or 23, etc. Thus the lamellar grating, in its zero
order, bscomes an interferometric modulator [it "labels" the
desirable wavelqggths (A1) differently than the ignorable ones
(Azs Ay == etco)'u Ths slectronic system saitached to the sig-
nal detector is easily made frequency sensitive: henca. over-
lepping orders are eliminated. Substitution of mirrors for
lenses offers no ms jor problem snd will not be considared
further in this paper.

The following repcrt describes the progress made by
Dr. McCubbin &nd myself during the psst summer in investigating
the teasibility of such a system,
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II. EQUIPMENT

In order to determins the efficiency of the lamellar
grating in terms of the visibility of its fringes, the grating
shown in Figure 1 was designed by D». McCubdbin. It was con-
structed so that the central piston, at first, could be driven
by a micrometer mounted on the back of the outside cylinder.
This preliminary driving mechanism thus also served as an in-
dicator of groove depth., This grating was teated with the
spectrometer described by McCubbin and Sinton' -- a twelve-
inch instrument using a Golay celli Detector whose cutput was
displayed on a Lecds and Northrup recorder.

Tne grating was originslly designed to be tested
using a lens just in f:.nt of the grating face for purpcses
of sutocnliimetion, This plan proved impractical and the
set-up shcwn in Figure 2 was finelly adopted. The lamellar
grating was used in slightly divergent light.

IIT. PROCEDURE AND RESULTS

With the set-up as shown in Figure 2, it was desired
to observe the visibility of fringes of the lamellar grating

in the region around 300 microns. The echelette grating spec-
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tromcope always “lcclke A" &t Ché Geiv-uider ol Lue ilameliiar
grating. Hence, interference iz displayed on the reccrder In
eithiar of two ways: 1) the spectrometer grating 1s held fixed
while the groove depth of the lamellar grating is varied; or
2) the lamellar groove deptk 1s held fixsd while the echelette

spectrometer grating moves 1j, etc. through the spectrum. The

latter method is the one reported nsre.
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The signal-to-nolse ratio was poor decause of sbsorp-
tion in the rathsr long air path (four maters); and because of
the lack of & sufficiently powertul source of radietionz, The
Hanovia Mercury Arc which had previously proven superior teo
other known sources in this region had failed and its replace-~
ment has not yst srrived.

The interlsrence was finaslly atudied, as follows:
The water vapor spectrum es taken with the spestroscope used
in this experiment has consistently shown two anomolous 1inea®

one at 21 cm-l and the cther st Ll em~l--yzisither of which are

in the calculated spsctrum of water. Sinton3 attributes the

one at 21 em™t to Ozone. The other at hi em™L aould nossinle

be the second order (grating} of a strongly sbsorbing cluster
of lines at 88 em™L, the set-up ¢ Figure 2 was used to in-
vestigate the Ll em™L 1ine, Here we have just the thing the
interference modulator is designed to handle.

The depth of the lamellar grating grooves is set (by
desd reckoning) to cause destructive interferense at 92 om™1
and then a short segment of the spectrum eround LL ca~l 1s
taken with the spectrometer. The depth cf the grooves is then
cnanged to deatructively interfere (first order interfercacs)
at 90 :m~! and the same short segment of spectrum again taken.
The procedur.: is repeated varying the wave number of destructive

interference s step at the time down through 84 cm~l, Here we §

i
assume that the A/l ssparation for 90 em™> will attenuate the :
Ll em~i rediation only very slightly. Thus, if the spectrom-

|
|
eter grating is casting second-order radiation into the region 1
arormd hls em=d, then the =pectra as taken above should show & |
|
|
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"new 1ine" whose prosition depends on the depth of the lamellar
grooves. If this new line d4id not appear, then clearly no |
sevond order radietion appears in the region srcund L cm'l;
end hence, the regular 4i am“l line is not due to water vapor
absorption. The preceding discussion presents the idea ian-
volved, but that the situetion is somewhat more complex will
eppear in what follows:

The formulsa for the intensity {zero-order)} of the

signal leaving the lamellar grating is
I=1,§cos*amey, (1)

where e is the groove depth, Vv ia the wave number, I, § is the

maximmus iptensity for V., Thus for a fized valus of 6, thsers will

be a group of V which make I sero, being given by the equation
2med = (m+)Z,

In particular, for e=188 microns, dezixructive interference ocours

at 40 and 94 .5 wave numbers--the other wave numbers for which

cancellstion occurs lie too far out of the Ll; wave number region

to be of interest. In the spectrum around ki cm~l then, the

Lo cm~l interference will be in the first order®. The 9.5 em~1

interference will appesr as second order at L7 cg“l, Horeover, :

while the second order of 94.5 em™l at L7 em L 18 being totally

caucellied, tne Iirat craer L om 1 radiation is itself being re-

duced to one-half its full intensit:r, This latter follows immedi-

ately from equation (1) which shows that whenesver V is suffering §

total canceliation, V/2 is one-half its maxiwum value. On the

other hand when ¥/2 is undergoing fuvll cancellation, ¥ is at full

Wfere I'Irst and second order refer to orders of the spectrometer

grating spectra; &s mentioned before only the sero-order of the

iamellsr grating spectrum is used (although we have first- and
saecond-order interference).
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value., This allows separation of first and second order cancelliation.
The separation 1s effected in the following manner. First,

make & run over the spectral region %o be examined with e = 0. Kars,

ne wavelength cancsls and the resulting spectrum serves as a refler-

ence for later ones., Then chuose the values of & for which other

runs 8rs to be made auch that there are several voinis at which

both (on sepsrate runs) a first order and a second order winima

ogeur, Comperison of the first order minimum &t & given wave-

nuxber with the "e-o" spectrum will yield I A similar compari-

0,v°
aon of the second order minimum will yield (I°’2§ +1/2 Ic,g) since
the second order of 2V suffers complate destruction while the first
order ¥ 1s only one-half destroyed. If a plot of I,, ¢ vs (I, 2y +
1/2 I,,5) yields = straight line of slcpe 2, there is negligible
second order radiation. Otherwise, second corder radiation exiata.

The plot described above -- for the region around L) em™l -- 13

SLOUWN ON FigUre Je

CONCLUSIONS

1) All points lie very close to the line of slope 2, and
hence, it is reasonable to conclude that the Ui cm~! line in the
water vapor spectrum is not second order. It elso might be attrib-
uted to Ozone generated by the ultraviolet of the mercury arc
source. although an approximate calenlation showe the Ozons lins
in this vicinity to be at 47 em™1,

2) It is clearly demonstrated that the lamellar grating

does modulate the intensity of the lacident radiation. The low
ratio of signal-to-noise prevenisd s detailed analysis of this

modulation; however, the spectra run ia the Ll cm~1 investigation
indicate that, in the minima of a given wavelength, intensity is

reduced by 50 or 60f of ite non-modulated value,

» mmma s ——
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