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Use of the Lamb dip to circumvent Doppler broadening has allowed microwave measurement of rota-
tional lines in the 1-3-mm wave region to accuracies of 1 part in 108, Rotational constants of OCS and
CHgF are improved in accuracy by two orders of magnitude.

In a theoretical treatment of the properties
of the optical laser Lamb [1] showed that power
saturation of a Doppler-broadened line could pro-
duce a sharp dip at the exact center of the line
if other broadening factors were small in com-
parison with Doppler broadening and if the radia-
tion passed linearly in opposite directions through
the gas.

With a high-@, Fabry-Perot cavity we have
observed the Lamb dip in Doppler-broadened ab-
sorption lines occuring in the 1-3mm wave re-
gion. We found that the secondary broadening
effects can easily be made small as compared
with Doppler broadening and that Lamb dips of
only a few kilocycles can be achieved in Doppler
widths of more than a megacycle. Thus a con-
siderable improvement in accuracy of alignment
of a frequency marker to the line center can be
achieved by use of the Lamb dip in the millimeter
and submillimeter regions where Doppler widths,
which increase directly as the line frequency, be-
come large.

An illustration of the Lamb dip effect, fig. 1,
shows the J = 15 — 16 rotational line of car-
bonyl sulfide (OCS) centered in the cavity mode
and the presence of the small, sharp dip at the
center of the Doppler contour. Examples of
measurements of high-¢ rotational transitions
of OCS and CH3F with the Lamb dip are given
in tables 1 and 2. From these measurements
the rotational constants, also given in these
tables, are improved in accuracy by about two
orders of magnitude over previously known val-
ues.

The Lamb dip method also provides a con-
siderable improvement in resolution capabil-
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Fig. 1. Lamb dip in the J - 15 = 16 rotational line of

OCS at 194 586 MHz. The broad downward curve is the

cavity resonance: the hroad upward curve is the Dop-

pler broadened line (Doppler width about 310 kHz): the

small sharp depression at the center of the Doppler
line is the Lamb dip (width about 10 kHz).

Fig. 2. The /- 15 — 16 transition of 35¢c1eN showing

the closely spaced Lamb dips of hyperfine components

with separation of 50 kHz. The Doppler width of the
line is approximately 320 kHz.
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Table 1
IFrequencies and molecular constants of 1()012(,32§

Frequencies in MHz

I (1) Measured Calculated Difference
S 109 463.063 109 463,064 - 0.001
9 121 624,638 121 624,638 0.000
Lo 133755900 133 785.900 0.000
H TS0 46,521 145946.818 < 0.003

12 15 107,560 158107.361 - 0.001
[ 170267494 170267.498 - 0.004
i S22 127,198 I182427.198 0.000
[ L 0s6.433 194 586,433 0.000
; W6 0 60 206 745,161 0.000
B 2218040 243 218,042 - 0.002

ShNT G 250 374160 £ 0.001

Molecular constants in MHz
CO00020 Dy (L3008 1 0.0006) <1073,

1, =085 00y 107,

dorad uontin number for tower level.

itv of millimeter wave spectroscopy. In fig. 2
s shown three resolved dips of hyperfine com-
< of the J = 15 — 16 transition of 35C1CN
wenarated by only 50 kHz. With G. Winnewisser

sve measured the previously unresolved
eplitting in the R@Qy transitions of the ground
cibrational state O?H 982 (to be published). The
nheerved splitting of 120 kHz due to relative ro-
i s of the SH group via barrier-tunneling in-
dicates a splitting of only 60 kHz in the rotational
levels

Althoueh the Lamb dip has been widely ob-
served in laser emission lines, its application
i absorption spectroscopy has only recently
Leen considered. Brewer, et al. [2] have used

(it w laser source to measure Stark split-
tin0 of NHeq lines in the infrared region, and
Costain (3] has observed it in the lower frequency

ceicranave region. As lar as we know, our work
represents the first use of this effect in the 1-mm
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Table 2
F rcquencws and molecular constants of

en, V.

Fr‘(,quencu,s in MHz

Ja) K Measured Calculated  Dilference
1 0 102142.666 102 142,665 - 0.002
1 102140.911 102140.90% S 0,003
2 0 153210.399 153210.39% S 000l
1 153207.758 153207.759 - 0.001
2 153199.843 153199.843 0.000
3 0 204273.779 204 275,750 - 0,001
1 204 270.263 204 270,263 4,000
2 204 259,716 204 259,716 0,000
3 204 242,145 2000 2400 RRGILY
Derived constants in MHz
o 20536.1466 £ 0.0015: Hy  (=0.0107 0,004 107
Dy ¢ 0.05987 +0.0002 @ My (0.020 010y 10 3,
Dy 0.44027 40,0004 « Fhgp  ( 0.032 #0.020) Lo

(1) Rotational quantum number for lower level,

wave region. The greatest advantage from the ef-
fect should be in the shorter millimeter and s1b-
millimeter wave regions, where Doppler broaden-
ing is the primary limiting factor in resolution in
resolution and measurement of gaseous absorp-
tion lines. We have demonstratea that with a high-
@ Fabry-Perot cavity the power from our harmonic
generators is adequate to produce the required
saturation even for the CO molecule [4] with the
very small dipole moment of 0.11 D and hence a
relatively small transition coefficient.
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