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§ The Measurement of Absclute Adbsorption Intensities

with a Stark-<Modulated Microwave Spectrograph®*

George R. Birdew

Mallinckrodt Chemical Laboratory
Barvard University, Canbridge, Massachusetts

Abstrect

The method developed by Baird and Bird for the nessurement
of relative svsorption intensities vith the Stark-moduiated
nicroveve spectrograph bas been extendsd to the measurement of
sbsolute absorption intensities. The determination of abeolute
intensity is based on the measurement of the ratio of modulatione
frequency component to direct component of crystal current at

several microwvave pover levels and the extrapolation of the ratio
to zero pover.
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This method has been tested on the line CHsC1%% J = 01,
F » 3/2 —35/2, vith measured intensities 15% less than the i
calculated intensity being obtained over a range of 250% in 5
nicrovave power. Measurements at very lov povers are prevented 55
by the presence of a small amount of pickup in the crystal cir- }
cuits from the sgquare wave generator. !

Since other sources of error are present (notably multiple g
reflections in the absorption cell) the uncertainty of this ¥
oethod cannot be evaluated as well as would be desirable. It &8 :
certainly not greate: than 25% for medium intensity lines, and
this is adequate for the identification of asymmetric rotor lines.

® This research was supported in part by the 0ffice of Navs
mdarContmtusoﬁ?S, order V.
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#% Formerly United States Rubber Coupary Predoctoral Fellov at Harvard
University. Present address: Physics Department, Columbia University.
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i The Stark-modulated spectrogreph is a sensitive and versstile instru- 'ﬁ i
: 2 ment used vidsly by microvave npectmocopiats.l A method has been developed § .
la i

R. H. m‘ and E, B, wum, Jro, Pw'o Rev, n’ 562 (19"7)-

®x, B. um, Jr., R. H. Hughes, and E. B, Wilscs, Jr., Rev.
Sci. Inst. 20, 821 (19%9).

€ w. Gordy, Rev. Mod. Phys. 20, 668 (1948).

by Baird and mm’ for meking measurenents of relative ebsorption inten-

|

|

| 2 b. B. Batrd end G. R, Bird, Rev. Sci. Inst. |
!

sities vith this instrument. This paper will dsal with the extension of
Baird's nethod to the messurement of adsolute absorption intensities.

Baird's method i{s based upou the theoretical relationship between |

g the direct ant modulation-frequency compqnents of crystal current vhen 5
| z
i square vave modulation 15 used and certain other conditions are utufiod.e }
i This relaticnship is:
., oo

1 al Z oc_E°
. —_—. =t sta ot -z-———--“‘l n (1)
': doeo n cugn
i =)

| 1/0 = mcdulation frequency component of crystal current
1d.c. = direct crystal current

a » gassous ebsorption coefficient L_
Q, = effective length of the absorption cell 4
= modulation sngular frequency
(:u = the nth coefficient of a polyncmial representing direct crystal
current as a function of unmodulated electric
field at the crystal (1“:.-0!00 00?4...

= the noth pover of the peak microwvave electric field at the crystal
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The difficulty involved in meking absolute absorption measurements is
that, in gensrel, microveve rectifying crystals have complex responsc
laws, and it 1s not ecasy ¢t0 dstarmine the coefficients cn of the poly-
nonial relating crystal response to microwave pover. For an n lavw
dstector (one vhoss response is 1, . = cnxn) the expression jusi Tiven
takee & very simple form:
l,o af o®
— -

d.Co

sin £ t {2)

Thus if e detecter vere avallable vith a known, simple response law, it
would be possidble to meke a direct determination of the abeorpticn
coefficient of the gasecus semple by moasuring the ratic of components
of crystal current. The effective length £ _ of the abeorpticn cell is
readily dstermined from the geometry of the vaveguide and a knowledge of
the mod2 of propegation excited if no serious rellections occur.’

H Marcuvitz, Waveguide Bandbook, McGrav-Hill, New York (1951).

Though the response laws of roctifying crystals are generally complex,
it 1s known that for very lowv microwave pover levels (one microwstt or
less) crystals respond as square-lav dstectors. Thie property of crystals
is freguently utilized in the routine measurement of standing waves or

4

attenuation. Unfortunately, one microwntt is well belov the pover levels

* ¢. 6. Mootgomery, Technique of Hicrowave Measurements, McOraveHill,
Hew York (1947).

camonly used in the Stark-modulated spectroscope. A possidle spproach
to this problem is the measurement of the ratio of components of crystal
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current cver s vide range of microwave power, vith extrapolation of the
measured ratioc to zero pover. If the axtrapclation can be performed, it
should give the ratio of crystal current components corresponding to s square
law Getector,

Several additional experimental cooditions must be satisfied if such
messurements are to be made. The direct and modulation fraguency components
of crystal current are separated, as in Baird's method, by a ¢hoke and con-
denser having very high and very low reectance, respectively, at the modulation
frequency.® The resistance of the choke and direct current meter must be
inereased by tl;e addition of a series resistor to match the resistance of
the modulation-frequency circuit -- the condenser, rsceiver and resistance,
This has the effect of loading the crystal vith a single resistance and o
negligidbly small reactance. The circuit constants of the comperison gignal
attenuator must be determined accurately to establish the relationship between
the partially attenuated comparison sigpal volisze and the modulaticn-frequency
coaponent of crystal current with vhich it is matched. FPFinally, pickup in
the crystsl and comparison signal circuits becomes particularly critical,
since the extrapolation procedure will tend to emphseize the presence of
stray signals from the square wvave generatcr. The best procedure for msin-
inigzging pickup is to use the receiver and ocutput meter es a measuring device
and try various shielding and grounding arrangeamente until the stray signal
level is minimized.

As & test of this metbod, the intemsity of the line CEC1’ J = 0—1,

F = 3/2—5/2 at 26,589.49 ac. vas measured over a renge of crystal currents
froa 40 to 2 microanperes. The iutensity of this line has been calculsted
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as 6.6010-600.1 for an sssumed line breedth constant cof 25 mc/mm Eg.s' The

A=

? P. Kisliuk and C. B. Tovnes, J. Res. Fatl. Bur. Standards, &k, 611 (1950).

line breadth constant vas measured by Baird's method for relative intensities
and found to be 20.9 ¢ 1.0 nc/mm Hg. This mekes the calculated intensity
7.9 +.4+200cm. 2

The intensity of the line wvas slightly reduced by saturation, but this
vas meeasured and a correction introduced. "Padding” attenuation wes inserted
between the crystal and the absorption cell to prevent multiple reflections
betveen the crystal and the ends of the Qbeorption cell.

The results of this experiment are shown in graphical form with the
intensity cbtainad, assuning square lav detection plotted agaianst crystal
current. A crystal current of 20 microamperes corresponds roughly to 135
microvatts of microwave power. The remarkable feature of the data is that
the measured intensity is greater than 75% of the calculated intensity for
currents ranging from 40 to S microemperes. The closest correspondence is
obtained for currents renging from 20 to 8 microamperes with a measured
intensity equal to 85% of the calculated value. At very lov crystal currents,
the measured intensity drops rapidly; this is probably due to a very small
senount of pickup from the square wvave generator out of phase with the
modulation-frequency component of crystal curcent.

From this data it may be conclwuded that the method mey be used to estimate
the intensity of medium-strength ebsorption lines to within about 25%. For
same purposes, sush as the identification of esymmetric rotor lines, this
accurscy vill be sufficient. The quastion of whether the method tan be refined
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to yield accuracies o 9 to 1% can only be anaswered by a detailed analysis

st

of errors. The ability of the experimenter to eliminate pickup will determine
the linitations of the method vhen weak lines are measured.

The systematic error resulting from reflections at the ends of the Stark :
6electruode hes been discussed gqualitatively by Baird et ala and assigned as i
the priuncipel source of error in their work. Detailed attenuation end standing

wave measuraments have been meds on the waveguide used in this reaearch,é and

6 E. Muller, The Spectrun of Chlorofluoromethane, Doctoral Theeie,
Borvard University, 1952.

a5

these shov that the waveguids may be represented as having equal reflections
et the ends. The measured reflection coefficients for the electrie vector fi
vere r = 0,31 (corresponding 40 a 10¢ reflection of power from a single window)
and the attenuation of the electric vector wvas 0.50 for one transit of the
guide between windovs at 26,600 mc. Calculaotions indicate that the maximm

© i N

erruy introduced into a single intensity measurenent by the presence of these

reflections 1s 5¢ (10% for a rclative measurement of two 1ntena1t1ee).7

[ .
G. R. Bird, gﬁ%iea of Spectral Absorption Lines, Doctoral Thesis,
Barvard University, . 7

However, the mechunicel mounting of the wavegulde was such that the gaps between

the Stark electrode ends and the transformer horns could be varied by vibration

kR S ] B e

¢ tharmal ewpansicn with & resulting variation in both phase and magnitude of

the reflections. Otheiy observations on this waveguide indicated that such ;

variations 4id occur, and that errors as large a8 10% occurred in measurements %1

of the intensity of a single line. This uncontrollable variation prevents any é
3
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detailed analysis of the potentiamlities of this method; since the error caused

by reflections night be responsidble for most of the diffsrence betveen measured
and calculated intensities in this experiment, or might partially compensate
for a larger error in the method. Howvever, it does scem reascnable to set a
naximun uncertainty of 25% on the method of extrapolating the ratios of come
ponents of crystal current to obtain abgsolute intensities. Incidentally, the
measurecent of line-breadth used to calsulate the intensity of the absorption
line is free from the large uncertainty caused by multiple reflections, since
the actual breadth cf che line was much smaller than < < frequency separation
of succsssive maxima and minima of the periodic systematic error.

The possible refinement of this method is by no means a triviai guestion.
Microvave intensity measurements commonly heve uncertainties of 104 or more,
vith a fev moasurements made under favorsble conditions having 5% uncertainty.
Such measurements have been fev in nunber because of the laborious techniques
involved, Much usem information could undoubtedly be obtained if a rapid
and accurate nethod for making auaolute intenaity measurements existed., The
recognized potentialities of microvave spectroscopy as & method for chemical
analysis of gaseous mixtures have not yet been realized as a result of this
sane lack. Unfortunately, the next step in the investigation of thi; method
would involve the design and construction of a more satisfactory Stark-effect
veveguide absorption cell, and time to carry out such a program vas not

available to the author.

The author gratefully acknovledges the help and encouragement of
Professor E. Bright Wilson, Jr.
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